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The diagnosis and treatment of androgenetic alopecia:  
a review of the most current management
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ABSTRACT
Androgenetic alopecia is a widespread problem in contemporary dermatology, as it may also affect many young patients, in particular 
males, making them more prone to anxiety and depression which may be caused by a distorted body image. These behavioural problems 
may occur in older individuals as well. That is why, there is an obvious need for further development in that area of dermatology, which 
should also include discovering new therapies. In men, the diagnosis of androgenetic alopecia is quite simple, and the treatment usu-
ally involves incorporating minoxidil and/or finasteride. Switching from topical minoxidil to its systemic form as well as from finasteride 
to dutasteride may give better results in some patients. In general, male pattern hair loss (MPHL) is a chronic disease that may demand 
pharmacological treatment in the long term, which is often unlimited. Therefore, and also considering the patients’ concerns involving the 
systemic usage of 5α-reductase inhibitors as well as the limitations of current therapies, some specialists use topical finasteride, dutasteride 
in mesotherapy and many other additional modalities. When it comes to female pattern hair loss (FPHL), in most cases it is also a chronic 
entity, which especially in younger women demands performing extended lab testing in the search for potential hyperandrogenism. It 
is necessary to remember that especially in women the condition may be triggered by many environmental and other additional factors, 
so taking that into consideration may be helpful in some patients.

Forum Derm. 2023; 9: 3, 99–111 

Keywords: androgenetic alopecia, hair loss, minoxidil, finasteride

R E V I E W  A R T I C L E

Forum Dermatologicum
2023, Vol. 9, No. 3, 99–111

DOI: 10.5603/fd.95391
Copyright © 2023 Via Medica

ISSN 2451–1501, e-ISSN 2451–151X

INTRODUCTION
Different types of alopecia can be associated with de-

creased hair growth, increased hair loss, conversion of thick 
terminal hair into thin follicular hair, congenital or acquired 
abnormalities of the hair shaft as well as inflammatory skin 
diseases. Androgenetic alopecia (AGA) is the most common 
type of alopecia. This condition can be further divided into 
two categories: male androgenetic alopecia/male pattern 
hair loss (MAA/MPHL) and female androgenetic alopecia/fe-
male pattern hair loss (FAA/FPHL). It is established that AGA 
affects at least 8 in 10 men below the eighth decade of life 
including up to half of the middle-aged men, while FPHL 
is less common, affecting almost half of the women below 
the age of 70 including approximately 30% of middle-aged 
women. Androgenetic alopecia is far more common in the 
Caucasian population and its incidence becomes higher 
with ageing [1, 2].

Androgenetic alopecia most commonly manifests by 
an excess of hair loss. Gradually progressing miniaturiza-
tion of hair follicles results in the heterogeneity of hair 
shafts. Typical changes within the hair cycle including 
anagen shortening as well as telogen extension lead to 
the conversion of terminal hair into their less developed 
precursors. Clinically manifested shortening of hair can be 
observed, which can eventually lead to the complete loss 
of hair shafts within the hair follicles. Androgenetic alopecia 
is classified as non-scarring alopecia. However, with the 
chronic nature of the condition, follicular atrophy can oc-
cur with its clinical, trichoscopic and histological features at 
a very late stage of the disease [3].

The pathogenesis of AGA is multifactorial with well-
-recognized aetiopathological factors including genetic 
predisposition, impaired and excessive response of hair 
follicles to androgens within the scalp and inflammation 
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in hair follicles. Genetic factors are thought to be respon-
sible for approximately 80% of the general predisposition 
to balding in the mechanism of MPHL, in which at least 
250 genetic loci are yet discovered and associated with the 
process. However, in FPHL the role of genetics is way less 
obvious with the highest probability of genetics engage-
ment in women with an early onset of AGA [4]. Male pattern 
hair loss is a strictly androgen-dependent disease, while in 
women the role of androgens in mediating hair loss remains 
uncertain and needs to be further investigated [5]. In addi-
tion, many new genes and signalling pathways, i.e. hypox-
ia-inducible factor (HIF-1) signalling pathway (EGLN1 and 
EGLN3 genes) and Wnt pathway inhibitors (PEDF, SERPINF1, 
SFRP2 genes), have been recently identified in a male model 
of AGA as potential therapeutic targets for the disease [6].

Scalp testosterone is converted into 5α-dihydro-
testosterone (DHT) by an enzyme 5α-reductase type II. DHT 
acts directly on the androgen receptors (AR) of hair follicles 
leading to their miniaturization in androgen-dependent 
areas within the scalp of affected individuals in the mecha-
nism of anagen shortening. In women, this phenomenon 
is far less common, because oestrogens can prolong the 
anagen phase of the hair cycle. That is why AGA is way 
more common in women after menopause. The other very 
important factor is that women have higher activity of the 
aromatase which converts androgens into oestrogens in 
the peripheral tissues and the scalp [5, 7, 8].

In both sexes, androgen-dependent areas of the scalp 
are defined as those with a high concentration of andro-
gen receptors (AR). Parietal and frontal regions in both 
sexes as well as frontotemporal angles in men are gener-
ally included in this category as areas affected by the dis-
ease. The reason for that particular difference in engaged 
site distribution between the two sexes is that men have 
about three times higher expression of AR within the frontal 
area in comparison to women. Moreover, most men with  
AGA have normal levels of serum androgens, while 1 in 
3 women have AGA accompanied by hyperandrogenism. 
Increased serum levels of androgens in women may be 
caused by many endocrinological entities including the most 
common one which is polycystic ovary syndrome (PCOS). The 
proper diagnosis and management of the diseases poten-
tially causing hyperandrogenism in women, which should 
be done in cooperation with endocrinologists and/or other 
specialists, is essential for therapeutic success [5, 9].

The last component which takes part in the etiopa-
thology of AGA is the role of micro-inflammation in hair 
follicles. The inflammation may be caused and triggered by 
exogenous factors such as air and/or other environmental 
pollution. The other factors involve the general state of 
the human body as they are called the endogenous fac-
tors. Probably the most well-known factor belonging to 

that category is the metabolic syndrome that upregulates 
the expression of pro-inflammatory cytokines. This is the 
reason why obesity, hyperlipidaemia and hyperinsulinemia 
may contribute to the development of AGA. The other thing 
is that incorrect nutrition as well as vitamins and micro- 
elements deficiencies may trigger and accelerate the whole 
process of effluvium. This is also true when it comes to co-
existing diseases such as thyroid disorders [9–11].

DIFFERENCES IN CLINICAL PRESENTATION  
OF ANDROGENETIC ALOPECIA IN MEN AND WOMEN

Macroscopic patterns of AGA differ depending on the 
patient’s gender which exactly corresponds to distinct 
pathoaetiology of the same entity in men and women.

Initial MPHL typically shows a decrease in hair density 
and thickness on the temples which are frontotemporal 
angles. This is due to the frontal hairline recession marked 
as an M-shaped anterior (frontal) hairline which keeps re-
ceding posteriorly as time goes by. The other side of the 
AGA involvement in men is the vertex. The disease in men 
can be assessed by the usage of the Norwood–Hamilton 
scale which is a commonly used measure for evaluating 
the advancement of MPHL. It consists of types (stages) from 
I up to VII and the higher the number, the more advanced 
the process of hair loss is. The initial shedding of the vertex 
area accounts for the IIIv (III vertex) stage of the disease 
advancement.

Female pattern hair loss may present as hair loss in fron-
tal and parietal regions which corresponds to the Ludwig 
type of AGA in women that is usually assessed by the Ludwig 
scale. The other type of hair loss in women with AGA is the 
Olsen type of FPHL. It is characterized by progressive loss of 
hair only in the mid-frontal scalp and this is most commonly 
called a “Christmas-tree pattern hair loss”. In most cases, in 
women with androgenetic alopecia, the frontal hairline stays 
preserved which is a characteristic that morphologically 
differs FPHL from the same entity in men. In women with 
progressing frontal hairline recession, the condition needs 
to be differentiated from frontal fibrosing alopecia [10, 11].

DIAGNOSIS OF ANDROGENETIC ALOPECIA
In men, diagnosis of androgenetic alopecia is based on 

the clinical assessment of a patient as well as an optional 
trichoscopy. Trichoscopic evaluation is not mandatory in 
men to conclude a diagnosis, but nowadays it is advised to 
perform it in order to further assess the efficacy of applied 
treatments. What is more, performing trichoscopy in newly 
appointed patients seems to be crucial when it comes to 
looking for potential coexisting diseases of the scalp. Using 
these two modalities (clinical and trichoscopic examina-
tions) allows one to make a clear diagnosis. However, 
in women, there is a greater need for additional 
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examinations, which in most cases should include hor-
monal tests evaluating androgens serum levels (androgen 
profile), other blood tests (including vitamin D serum  
level, blood morphology, iron blood level as well as serum 
levels of vitamin B12, TSH and prolactin), optional biopsy 
in case of more concerning and unsure clinical manifesta-
tions as well as other specialists’ consultations. In many 
cases of FPHL, a quite long diagnostic pathway may be 
necessary to make the final diagnosis and exclude other 
potential diseases. Trichoscopy can be performed using 
a handheld dermoscope or a videodermatoscope. In gen-
eral, videodermatoscopy gives more detailed images, 
which can account for an easier diagnosis. The other very 
important factor is that videodermatoscopy allows ma- 
king photographic documentation of a particular patient’s 
trichograms. It further enables a doctor to compare the 
initial trichoscopic evaluation with the local state du
ring the treatment. It can reduce the use of unworking 
and ineffective treatment modalities in non-responding 
patients, as in most implemented therapies the initial 
reassessment should take place approximately six months 
after the introduction of a proposed treatment. However, 
in order for many treatment modalities to develop maxi-
mum therapeutic effects, more time is usually needed and 
that most often accounts for 1 to 2 years. The time needed 
for a particular response may also be very distinct in dif-
ferent patients, taking into consideration their general 
health and other factors such as received basal treatment. 
Therefore, it is reasonable to look into each case separately 
and with much caution [4, 11].

TRICHOSCOPIC SIGNS OF ANDROGENETIC 
ALOPECIA

Figures 1A and B present the hair shaft thickness hetero-
geneity (derived from hair follicles miniaturization); an in-
creased proportion of follicular units with only the hair shaft. 
Figure 2 depicts perifollicular hyperpigmentation. Figure 3  
shows yellow dots (account for empty follicular openings); 
the increased proportion of vellus hair.

Figure 1A, B. The hair shaft thickness heterogeneity (derived from hair follicles miniaturization); an increased proportion of follicular units with 
an only hair shaft

Figure 2. Perifollicular hyperpigmentation

Figure 3. Yellow dots (account for empty follicular openings); the 
increased proportion of vellus hair

TREATMENT OF ANDROGENETIC ALOPECIA
Topical minoxidil is registered for the treatment of andro- 

genetic alopecia in both women and men, while oral fin-
asteride in a daily dose of 1 mg is exclusively registered in 
the management of male androgenetic alopecia. Exist treat-
ment modalities that are derived from these well-known 
and broadly used remedies. Completely new approaches 
are also being studied. In this category are included phar-
macological and nonpharmacological methods which are 

BA
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becoming successfully used in daily clinical practice. They 
are also a vital subject of the research as they may gradu-
ally become the basis for the potential changes in official 
recommendations of the scientific societies including the 
Polish Dermatologic Society as well as international socie-
ties. An example of such actions may be the introduction of 
oral finasteride for the treatment of androgenetic alopecia 
in women and the use of minoxidil in its systemic form in 
both sexes [12].

Before starting any treatment schemes, it is important 
to inform the patients that a positive lifestyle change includ-
ing loss of weight in case of an impaired body mass index 
(BMI), introducing a well-balanced diet, exercising more 
often and with more intensity, well-performed treatment of 
comorbidities and supplementation of vitamins and micro
elements in case of their deficiencies can be helpful in the 
management of most cases, as it can enhance a patient’s 
chance of a good response to the proposed treatment. 
Especially important seems to be an active control of the 
vitamin D serum level and a thorough treatment of thyroid 
and hormonal impairments [11].

Minoxidil
Minoxidil is transformed into an active metabolite 

(minoxidil sulphate) by an enzyme sulfotransferase fam-
ily 1A member 1 (SULT1A1) that is expressed in the outer 
root sheath cells of hair follicles. The enzymatic activity of 
SULT1A1 varies between individuals and the higher it is, the 
better clinical response to minoxidil should be expected 
[13]. This characteristic could be utilized in tests assessing 
the enzymatic activity of SULT1A1, which would then al-
low for the prediction of treatment outcomes in individual 
patients and consequent direct personalization of the thera-
peutic process. However, such tests are not yet available in 
clinical practice. On the other hand, the fact that minoxidil 
sulfotransferase is an enzyme and that in the cells there 
are no endogenous compounds that act as its enzymatic 
adjuvants, have prompted researchers to look for exogenous 
compounds that could enhance the enzyme activity. This 
is especially important since only 3 to 4 in 10 patients re-
spond to topical minoxidil. In most patients, therapy with 
topical minoxidil does not bring any change, i.e. density and 
thickness of hair stay the same, as these patients are called 
non-responders. A small cohort study from 2022 showed 
the effectiveness of using a minoxidil adjuvant therapy [14]. 
Nowadays, booster-like substances are a subject of research, 
as most information about them is yet to be discovered. 
However, in a small study conducted by Sharma et al. [15], 
topical tretinoin has been shown to convert 43% of primar-
ily non-responding patients into responders, as tretinoin is 
thought to upregulate the activity of SULT1A1. Therefore, it 
may be that the topical formula consisting of minoxidil and 

tretinione can bring a positive change in non-responders 
with a particularly low activity of SULT1A1.

Minoxidil exhibits a multidirectional activity. Its main 
mechanism of action is based on inducing the vasodila-
tion of hair follicles’ microvasculature, which improves their 
oxygenation by providing blood rich in oxygen and nut
rients. The biochemical process of converting testosterone to 
DHT is more effective in low-oxygen environments and the 
oxygen increases the conversion of androgens to oestrogens 
by the aromatase. Therefore, increasing oxygen concentra-
tion in the scalp allows for reducing DHT levels which may 
further inhibit the process of hair follicles miniaturization. 
The clinical efficacy of minoxidil in hair restoration medicine 
also comes from its anti-inflammatory action and VEGF- 
-dependent β-catenin pathway inducement. Minoxidil may 
also exhibit anti-androgenic properties by lowering the ex-
pression of the type II 5α-reductase gene. The multifaceted 
activity of minoxidil leads to anagen extension, which results 
in increased hair density and thickness. This effect is particu-
larly noticeable in the vertex and the mid-scalp areas, while 
it is seen to a lesser extent in the frontal region. Strongly 
androgen-dependent areas such as the temples and the 
frontotemporal angles are especially demanding to achieve 
good results with the management based on monotherapy 
with minoxidil [16, 17].

Minoxidil in its topical form is traditionally used to treat 
patients with androgenetic alopecia as a solution or a foam 
at 2% as well as 5% concentrations. Men typically achieve 
the best results with 5% preparations, while women achieve 
similar results with both 2% and 5% preparations. Before 
starting the treatment regimen with topical minoxidil, a pa-
tient needs to be informed that it is important to carefully 
take care of scalp hygiene and to preferably use trichological 
scalp scrubs in order to cleanse thoroughly the outlets of 
hair follicles, as it may improve the penetration of minoxidil 
through the scalp and therefore enhancing its therapeutic 
effect. Most recently, the use of minoxidil in systemic treat-
ment is becoming increasingly popular. The main advantage 
of this route of administration is that it is easier for patients 
to adhere to the therapeutic regimen. This is particularly 
important for patients who have difficulties following topical 
treatment. In addition, systemic use does not lead to any un-
wanted side effects associated with topical therapy, such as 
an unfavourable cosmetic effect, changes in texture and/or 
colour of hair, excessive dryness and itching of the scalp, 
including the risk of developing potential contact dermatitis 
in the targeted area. Introducing the therapy with systemic 
minoxidil seems to be the method of choice in patients that 
do not respond adequately to topical minoxidil, because oral 
minoxidil is thought to produce better results in patients 
with an insufficient SULT1A1 activity. Administered systemi-
cally minoxidil is metabolized in the liver, which has its own 
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fraction of the enzyme and therefore very probable is that 
it allows for increasing the bioavailability of minoxidil [18]. 
The combination of oral minoxidil with topical minoxidil 
may also be beneficial in some patients. The adverse effects 
of therapy with oral minoxidil are usually mild, especially in 
younger patients and include the following: hypertrichosis 
in various areas of the body and the risk of inducing orthos-
tatic hypotension as well as oedemas in different parts of the 
body, most commonly in lower extremities. Hypertrichosis 
is the most reported adverse effect in women, while the 
others are relatively rare. The risk of triggering potential side 
effects becomes higher with increasing the daily dosage of 
minoxidil. Special caution during the initial phase of treat-
ment may be recommended for patients with cardiovascular 
diseases or with an increased risk of unfolding cardiovascu-
lar events. It should be noted that the transient telogen efflu-
vium may be the adverse effect of treatment with minoxidil. 
It typically appears from the sixth to the eighth week of the 
use and usually resolves gradually with the continuation of 
therapy. Another episode of the telogen effluvium may also 
occur approximately 3 months after the discontinuation of 
treatment. The initial dose of oral minoxidil in men usually 
accounts for 2.5 mg per day and the therapeutic dose, rang-
ing from 2.5 mg to 5.0 mg per day, is determined individually. 
However, in many cases, a dose of 1.25 mg per day may be 
the one to start with. Women typically receive lower doses, 
ranging from 0.25 mg to 1.25 mg per day with the initial 
dose of 0.25 mg per day [19–22]. In women, the effects of 
the use of 0.25 mg of minoxidil can often be enhanced by 
adding 25 mg of spironolactone per day [23]. The clinical 
and trichological reassessment should take place 6 months 
after the initiation of therapy in order to mainly determine 
if it is needed to increase the dosage.

Finasteride
Finasteride, as a selective and specific inhibitor of the 

type II 5α-reductase, is a medication with a direct anti- 
-androgenic effect and therefore its mechanism of action 
corresponds with the main pathomechanism of the MPHL. 
Finasteride inhibits further hair loss and causes partial hair 
regrowth in over 95% and 66% of men, respectively. In 
younger patients, especially those under the age of 40, 
a better therapeutic effect can be expected, which is also 
highly individualized and may depend on the usage of con-
current therapies [24]. The first trichoscopic examination to 
evaluate the treatment effectiveness should be performed 
six months after the initiation of therapy and the other one 
after another six months in order to examine the overall 
finasteride efficacy in a particular patient. However, some 
patients may even need up to 2 years in order to exhibit the 
maximal therapeutic effect. The recommended daily dose 
of finasteride for men with AGA is 1 mg. It was established 

based on clinical trials that assessed the effectiveness of 
doses ranging from 0.2 to 5 mg per day. The 1 mg dose 
represents a balance between going for high treatment 
efficacy and limiting the possibility of developing adverse 
effects. Finasteride is a highly effective drug in the treat-
ment of MPHL. However, there is a high level of fear among 
men with AGA regarding the drug. Adverse effects in the 
form of common sexual dysfunctions and neuropsychiatric 
disorders such as depression, occur rarely and force the  
discontinuation of therapy in about 1% of men during  
the initial first year of the treatment. Similar adverse symp-
toms may be the components of the so-called “post-finas-
teride syndrome”, in which the symptoms persist for some 
time after discontinuing the therapy. However, special cau-
tion should be followed in men with a history of depressive 
disorders. In this group of patients, the nocebo effect may 
be more common than in other men [25–28]. The efficacy 
of finasteride in the treatment of MPHL is greater in com-
parison to 5% minoxidil and combining finasteride with 
5% minoxidil allows for achieving even better treatment 
results [29, 30].

Despite the fact that based on various trials, the adverse 
effects during the therapy with finasteride occur in 0.8–6% 
of men, which accounts for being only slightly higher than in 
the placebo groups, some men because of these side effects 
cannot or simply do not want to continue the treatment 
considering the need for a long-term therapy, which has 
been an impulse for the research teams to try to develop 
new treatment regimens [11]. The goal has always been to 
find a way to provide finasteride directly to the scalp by 
bypassing the systemic circulation, which would cause much 
fewer potential adverse effects associated with the systemic 
use as well as being at least as effective in reducing the level 
of DHT within the scalp.

Currently, the most well-known method which is based 
on that postulate is topical finasteride. Results of various 
clinical studies indicate that this may be an equally effec-
tive method as the systemic treatment, which most im-
portantly would minimize the risk of developing potential 
side effects. Conducted by Caserini et al. [26] randomized 
controlled trial, has proven that the treatment with 0.25% 
topical solution of finasteride is as much effective in promot-
ing hair growth as the 1 mg tablets with both modalities 
causing alike decrease of serum DHT level. However, oral  
finasteride was found to provide a significantly higher plasma 
concentration of the medication than its topical equivalent 
[26]. In a newer randomized controlled trial from 2021, it 
was established differently, that the decrease of DHT serum 
level is significantly higher in the systemic use of finasteride 
than in its topical formula (respectively 34.5% vs. 55.6%) [27]. 
Even though the usage of topical finasteride is not officially 
recognized by the FDA or any other scientific societies, in 
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particular, countries such as Spain, ready-made preparations 
of topical finasteride are accessible for patients. However, 
they are not available on the Polish market and therefore 
may only be used as components of other topical reme
dies. However, the use of them is not recommended, be-
cause the pharmacodynamics of such preparations, which 
can be mainly prepared in pharmacies, cannot be yet speci-
fied and the other thing is that the bioavailability of them 
cannot be maintained constant or even assessed. Finally, 
larger randomized trials are needed to determine the fol-
lowing factors concerning a preparation: the most effective 
finasteride concentration, the most optimal scheme of its 
production and usage as well as exploring new potential 
pathways of providing finasteride directly to the scalp. The 
other thing that needs to be cleared is how often the spec-
trum of adverse effects associated with topical use really 
happens in comparison to the systemic treatment [31–33].

Another alternative to oral finasteride may be oral mi-
noxidil at a high dose of 5 mg per day. According to the Gupta 
group analysis, the use of 5 mg of minoxidil in monotherapy 
may be more effective than 1 mg of finasteride in mono-
therapy. However, 5 mg of finasteride may probably give 
better results than monotherapy with 5 mg of minoxidil as 
well as with 1 mg of finasteride. However, the introduction of 
finasteride at such a high dose may relate to a way higher risk 
of developing sexual and neuropsychiatric side effects [34].

Dutasteride
Dutasteride is a selective and specific inhibitor of both 

I and II 5α-reductase isoenzymes, as it inhibits the I iso
enzyme 100 times greater than finasteride and respectively 
the isoenzyme II 3 more times than finasteride, which ac-
counts for decreasing the serum DHT level by 90% and 
makes dutasteride more potent than finasteride in decreas-
ing serum and scalp levels of DHT. Dutasteride is an off-la-
bel medication used in the management of AGA in men 
who have not achieved desired therapeutic effects during 
12 months of 1 mg finasteride treatment or for those who 
have not produced any response to finasteride at all (“finas-
teride resistance”). Due to its greater efficacy and superiority 
over finasteride in the treatment of MPHL, which has been 
demonstrated in randomized studies, its use as a first-line 
drug in men with advanced hair loss can be considered. 
However, many dermatologists are of the view that the treat-
ment should always be started with 1 mg of finasteride to 
figure out if there are any side effects of the therapy. There 
are particular reasons for such precautions. Finasteride’s 
half-life is relatively short, accounting for 4.5 h, which al-
lows for its fast elimination if the treatment is discontinued. 
Therefore, starting with finasteride may be reasonable, as 
if after 6 months of its use, the clinical outcome is not sat-
isfying and there are not any side effects, then the patient 

can potentially switch to dutasteride. The standard dose 
of dutasteride accounts for 0.5 mg per day. This dose of 
dutasteride has been proven to be more effective than 1 mg 
or 5 mg of finasteride as well as 5 mg of minoxidil [34]. The 
profile of adverse effects caused by the treatment with 
dutasteride and the frequency of their occurrence seems to 
be quite similar to those associated with finasteride [35–37].

Currently, the research is focused on the use of duta
steride in mesotherapy. This method is already offered by 
some clinicians, mostly as part of clinical trials. In most 
cases, the procedure of mesotherapy with dutasteride is 
repeated every three months, since dutasteride has a very 
long half-life accounting for 4–5 weeks [38]. A retrospective 
study in real clinical practice, that has been conducted on 
541 patients by Saceda-Corralo et al. [39], showed that the 
method may be effective for both women and men, who 
wish to avoid oral therapies. No serious sexual or neuropsy-
chiatric side effects have been described, with the pain be-
ing the most frequent one. Additionally, in a different trial 
with the supervision of the same author, with 5 men and 
1 woman taking part in the study, no significant changes 
in DHT serum levels have been described following the 
treatment [40].

Finasteride and dutasteride in the treatment of FPHL
5α-reductase inhibitors: finasteride and dutasteride are 

also being used for the treatment of androgenetic alopecia 
in women as an off-label therapy. However, their introduc-
tion to the management of FPHL remains limited to only 
specific clinical situations such as ineffective treatment with 
other modalities including oral minoxidil, antiandrogens 
such as spironolactone, other complementary non-phar-
macological methods and with the exclusion of potential 
endogenous factors that may be causing the hyperandro-
genism. It should be remembered that both finasteride 
and dutasteride are teratogenic and cannot be used during 
pregnancy. Effective contraception is necessary for at least 
1 month after the discontinuation of therapy with finas-
teride and respectively 6 months after the discontinuation 
of dutasteride. The recommended dose of finasteride for 
the management of FPHL is higher than the standard dose 
used in MPHL and that accounts for 1 to 5 mg per day with 
a dose of 2.5 mg per day, being the one most used. When 
it comes to dutasteride, a dose dedicated to women is the 
same as the one that is recommended for men and accounts 
for 0.5 mg per day [41].

Other treatment modalities used in the management 
of androgenetic alopecia

The other therapies are generally used as complemen-
tary methods to the basic treatment, which remains in ac-
cordance with the official guidelines that are promoted by 
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the scientific societies as the one having the highest class of 
evidence according to evidence-based medicine. However, 
these methods are sometimes very effective in daily clinical 
practice, as they only need further research to prove it. Most 
commonly, they are used as components of the so-called 
multimodal therapy, which uses various therapeutic meth-
ods that very often may allow the patient to achieve better 
and more satisfactory results. The use of these additional 
methods depends directly on the knowledge and experi-
ence of a performing doctor. Sometimes they can be used in 
monotherapy. This particular situation can occur in patients 
with contraindications to the other methods of treatment 
or when the patient does not give consent to the proposed 
therapy [42].

Mesotherapy with platelet-rich plasma
It is a mesotherapy technique using the patient’s au-

tologous plasma with a high content of platelets and asso-
ciated with the platelets growth factors such as PDGF, EGF, 
VEGF, ECGF, TGF-β, IGF and CCL2. These molecules are widely 
known to promote hair growth based on the inhibition of 
inflammation, the promotion of bulge stem cell differen-
tiation and the stimulation of angiogenesis. Currently, the 
use of PRP is probably the most effective method, among 
other techniques utilizing mesotherapy, in the manage-
ment of AGA. Mesotherapy with platelet-rich plasma (PRP) 
is becoming very close to officially being included as part of 
the evidence-based medicine guidelines for AGA treatment 
in both sexes. To achieve that, the proper alignment of the 
knowledge needs to be done, as each practitioner may have 
their own method of plasma preparation. The heterogeneity 
of the used regimens is obvious, however in all cases, it is 
especially important to provide the most effective platelets 
count, as 1 microliter of plasma needs to contain around 
1–1,5 million platelets, which corresponds to 2- to 4-times 
higher than in the blood. A total plasma volume of 5–7 mL is 
typically used during the single treatment session, with the  
typical dose accounting for 0.05 to 0.1 mL per cm2 of  
the scalp [43, 44]. To determine the effectiveness of the 
method in a particular patient, it is necessary to perform 
3 treatment sessions at intervals of 1 month between each 
one. Mesotherapy with PRP is very commonly performed in 
women with AGA, especially in situations when the desired 
results cannot be reached with minoxidil, as it seems to be 
especially effective in the management of FPHL. In men, 
the highest chance of getting the most proper response 
have patients with the disease advancement of II to V in 
the Norwood–Hamilton scale. There are still a few things 
that need to be further investigated. That includes getting 
to know what the long-term effects of the PRP therapy 
(that includes an adequate follow-up) can be as well as its 
potential long-term side effects. The other thing that needs 

to be further investigated is discovering potential pathways 
for the method improvements, especially when it comes to 
providing the preparations into the scalp [42, 45].

However, PRP demands anticoagulants to work prop-
erly and therefore it is not a fully autologous material. This 
drawback has been solved by the implementation of inject-
able platelet-rich fibrin (PRF). It contains exactly the same 
components as the PRP with a few additional ones such 
as type-I collagen, lymphocytes and the growth factors of 
lymphocytes. Injectable platelet-rich fibrin is thought to be 
a fully autologous material. Its efficacy in clinical practice 
seems to be following the one of PRP. Despite this fact, more 
randomized trials need to be performed in order to be able 
to choose the method that would be more individualized 
and directly respond to the particular patient’s needs [46].

Low-level laser therapy
Low-level laser therapy (LLLT) is the type of therapeutic 

method that is known on the Polish market as so-called 
low-energy laser therapy. The method is based on the use of 
red and infrared light in the range of wavelengths between 
600 nm and 950 nm with low energy of 1–4 J/cm2. Lasers 
or light-emitting diodes (LEDs) are used to emit light with 
the desired parameters. Most commonly available on the 
market products are equipped with lasers. Many of these 
devices have been officially approved by the FDA for use 
in the treatment of androgenic alopecia in both men and 
women (FDA-approved/FDA-cleared devices). It is believed 
that the LLLT mechanism of action involves absorption of 
the light with a specific wavelength by the mitochondrial 
cytochrome C oxidase in the cells of various parts of the hair 
follicles such as outer root sheath cells, hair matrix cells and 
dermal papilla cells. This leads to a two-way increase in the 
synthesis of nitric oxide (NO) and the modulation of reac-
tive oxygen species (ROS) synthesis. The result of these two 
processes is an increased proliferation of cells building the 
hair units, an increase in the synthesis of growth factors such 
as FGF2, HGF, and VEGF and finally an increase in the trans-
mission of signals in the Wnt/β-catenin pathway within the 
hair matrix cells. Additionally, by reducing the synthesis of  
pro-inflammatory factors and increasing the synthesis  
of anti-inflammatory factors, there is a modulation of the 
immune activity around hair follicles, which may reduce 
the inflammatory process. All these effects can lead to the 
promotion of hair growth [47, 48].

Most clinical studies have shown that LLLT is a safe and 
effective way to treat AGA in both women and men, as it 
increases hair density and strength. In some patients, the 
LLLT technology can even produce similar results to oral 
finasteride or topical minoxidil [48, 49]. The exact parameters 
of the therapy that would allow the patients to achieve the 
best possible results are still the subject of research, but 
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most used devices produce the following light parameters: 
wavelength in the range of 635–650 nm, energy density 
accounting for 4 J/cm² with the power of 5 mW. However, 
in the randomized trial of 90 patients, it has been proven 
that the combined therapy with the red light of 665 nm and 
infrared light of 808 nm produces better results than the 
monotherapy with light of 665 nm [50]. A single session of 
treatment, depending on a particular device and the used 
method, usually lasts from 6 to 20 minutes and most com-
monly should be performed three times a week [48–51].

The use of combination therapy with the LLLT and 5% 
minoxidil has been proven to be more beneficial than mono-
therapy with 5% minoxidil. In the randomized trial conduct-
ed in 2019, a statistically significant effect of increasing the 
hair density and diameter was observed with the combined 
therapy in comparison to a monotherapy with 5% minoxidil 
[52]. Low-level laser therapy is a well-tolerated method with 
possible adverse effects that are usually mild and include 
dryness as well as itching of the scalp [53].

Microneedling/derma rolling
Microneedling or derma rolling is a complementary 

treatment modality that is also known as percutaneous 
collagen induction therapy. It is a widely used method in 
general dermatology, which has also been incorporated for 
treating androgenetic alopecia in both men and women. 
The microneedling procedure involves making micro- 
-punctures of the skin’s outer layer by the use of micronee-
dles with a mean length of 0.5–1.5 mm. The exact length of 
the microneedles as well as the other parameters of therapy 
such as the most desirable frequency of puncturing, are yet 
to be discovered and described. Most studies point out that 
the most effective results may be with the use of needles 
with a length of 1.0–1.5 mm. However, in one study con-
cerning 60 patients, it was found that microneedling with 
0.6 mm needles may be more beneficial than the procedure 
performed with 1.2 mm needles [54]. When planning the 
treatment session, it is important to remember to guard  
the hair follicle bulge area, which resides about 1.0–1.80 mm 
from the skin surface [55].

There are two types of devices used for performing 
the procedure at home: a derma roller which is a mechani-
cal roller device and a derma pen which is an electronic 
pen-shaped device with adjustable speed and penetration 
depth. The mechanism of action involved in microneedling 
is based on increasing the release of growth factors on the 
site of the treated area as well as the activation of stem cells 
in the hair bulge area. These two processes are thought to 
increase hair diameter and take part in transforming the 
vellus hair into the terminal hair. Microneedling is becoming 
more and more used by dermatologists, as it can enhance 
the therapeutic effect of treatments like PRP mesotherapy 

as well as other types of mesotherapies and topical treat-
ments. It is because micro-damages of the skin which are 
made during the process, increase penetration of the mol-
ecules through the skin barrier and therefore the delivery 
of active substances to the target areas is improved [55, 56].

In the randomized study involving 100 men, a statisti-
cally significant increase in the number of hair has been 
observed within the initial 12 weeks of treatment in the 
group receiving a combination of microneedling with the nee-
dles length of 1.5 mm and 5% minoxidil in comparison to the 
second group receiving monotherapy with 5% minoxidil [57]. 
That is why combining topical minoxidil with microneedling 
may be a way to enhance the effectiveness of topical minoxidil. 
Patients can perform this procedure on their own. However, it 
is important to warn them that too deep penetration may lead 
to the damaging of hair follicles that may further get scarred, as 
starting with shorter needles and making less pinching repeti-
tions during the initiation, may be appropriate. Microneedling 
should be performed by the patients once every 14 days 
(with the use of 1.0–1.5 mm needles). This frequency may be 
increased when the treatment is being performed with shorter 
needles (of 0.25 or 0.50 mm) [54].

Anti-androgen therapy
Anti-androgens are used in the treatment of women with 

hyperandrogenism, which can manifest as acne, excessive 
hair growth (hirsutism), obesity as well as female pattern hair 
loss. Some of these medications, like for example spironolac-
tone, may also be used in women affected by androgenetic 
alopecia, but without coexisting or confirmed hyperandro-
genism. Anti-androgens are widely used in dermatology, not 
only in the management of androgenetic alopecia but also 
in many other entities such as acne, hidradenitis suppurativa 
and hirsutism. It is estimated that in 1 out of 3 women, an-
drogenetic alopecia is associated with hyperandrogenism. 
In these patients, anti-androgenic drugs are often used as 
the first-line treatment in combination with other drugs, 
most commonly minoxidil. In men, anti-androgenic drugs 
are generally not used due to the possibility of triggering 
the development of feminization symptoms [58].

Spironolactone is probably the most used anti-andro-
gen. Many clinical trials have been showing its efficacy 
in treating women affected by androgenetic alopecia. 
Spironolactone acts as an aldosterone receptor antago-
nist and exhibits hypotensive as well as anti-androgenic 
effects. The standard treatment protocol for FPHL usually 
requires starting with 50 mg of spironolactone per day 
for the first one or two weeks, then the dose is increased 
to 100 mg per day which accounts for a standard dose 
that can be finally increased up to 200 mg per day [58, 59].  
Spironolactone is often used in conjunction with oral  
or 5% topical minoxidil, especially when the treatment is 
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performed with small doses of spironolactone (25–50 mg)  
[23, 58]. In women, low doses of oral minoxidil (0.25–1.25 mg) 
are usually a part of the combination therapy. However, one 
clinical trial has indicated that using the higher doses of 
oral minoxidil (accounting for 2.5 mg) in conjunction with 
25–50 mg of spironolactone, may produce better results 
in adolescent girls below the age of 18 [60]. The side ef-
fects of the treatment with spironolactone are most often 
related to its diuretic effect and include the following: hy-
perkalaemia, orthostatic hypotension, frequent urination 
and weight loss. However, the incidence of hyperkalae-
mia among women who are treated with spironolactone 
does not exceed its incidence in the general population of 
women, which accounts for 0.75%. Electrolyte level changes 
most commonly happen in women above the age of 45, 
as it may be important to monitor sodium and potassium 
serum levels in that particular group of patients. Menstrual 
disorders can also occur during the treatment with spirono-
lactone in 15–30% of women. Spironolactone should not 
be prescribed during pregnancy, because of its potential 
teratogenic effect and just like finasteride and dutasteride, 
it can cause feminization of the foetal genitals (C category 
during pregnancy according to FDA) [58, 59]. Oral spirono-
lactone is not used for the treatment of MPHL. However, in 
clinical trials its topical form is also used in men with many 
promising results and what is very important, without caus-
ing any potential side effects connected with the drug’s 
systemic distribution [61].

The other anti-androgen drug is cyproterone acetate 
(CPA). Cyproterone acetate can be optionally used in con-
junction with other substances such as ethinyl oestradiol. 
Cyproterone acetate as a very potent anti-androgen, can-
not be used in women without coexisting hyperandrogen-
ism. Currently, its use in the treatment of FPHL is being 
diminished, as it may contribute to the development of 
CNS meningiomas. The third anti-androgen medication 
used in the management of FPHL is flutamide. Its oral form 
is not commonly prescribed as part of AGA management 
in women. However, a clinical trial from 2022 has shown 
that flutamide may be very successfully used topically as 
a 2% solution in conjunction with 5% topical minoxidil [62].

In women of reproductive age that are affected by PCOS, 
in the management of AGA it is important to use oral contra-
ceptives that exhibit anti-androgenic effects and can further 
decrease androgens serum levels. Using contraception is 
also necessary for women who are treated with teratogenic 
drugs such as finasteride, dutasteride, spironolactone, CPA 
and flutamide [63].

Hair transplantation
Hair transplantation (HT) has been developed as a sur-

gical treatment of AGA that is performed in both men and 

women by dermatologists and aesthetic surgeons that 
are being trained in that area of hair restoration medicine. 
Typically, the HT modality is used in patients over the age 
of 25, in case of complete or partial ineffectiveness of phar-
macological treatment that does not allow achieving an op-
timal as well as a satisfactory therapeutic effect. It has been 
established that the procedure may allow for a long-lasting 
effect of a natural appearance, which becomes noticeable 
6 to 8 months after the surgical procedure, with the final 
effect appearing around one and a half years after the sur-
gery. It should be noted that approximately 1 to 3 months 
after the procedure, the telogen phase in the hair cycle of 
newly transplanted hair begins, as it produces increased 
effluvium, corresponding to the so-called “ugly duckling 
stage”. This phase then starts to gradually decrease and the 
site of the treated area becomes naturally hairy and full. 
What is more, according to the studies, it is estimated that 
the survival rate of the transplant can reach up to 90%. The 
procedure is based on the principle of donor dominance, 
which means that the insensitive to androgens hair follicles 
that are taken away from the areas in occipital and bitemporal 
regions retain their properties after being transplanted to the 
areas that are sensitive to androgens. It can often happen that 
several surgical procedures are needed to achieve a better and 
more satisfying result. After the surgery, men in general still 
require pharmacological treatment, as it does not prevent the 
progression of the disease on the site that hasn’t been cov-
ered with the transplanted grafts. It can also happen that the 
transplanted hair may gradually thin out when they have been 
previously harvested from the area on the border between 
the androgen-dependent and the androgen-independent 
areas. In that case, most men are advised to take oral finas-
teride. In women, the post-surgery treatment protocol varies 
depending on the particular case [64, 65].

During the procedure, it is essential to carefully consider 
the calibre of transplanted hair follicles to determine the 
density of transplanted hair grafts. In men, when filling 
the frontotemporal angles and the anterior hairline, it is 
necessary to ensure the proper angulation of the new hair-
line and its proper geometry as well, which should be the 
parameters adjusted to the patient’s face. The same practice 
applies when performing procedures to lower the anterior 
hairline in women. There are two possibilities for donor 
follicle extraction: Follicular Unit Transplantation (FUT) and 
Follicular Unit Extraction (FUE). The FUT technique involves 
removing a thin strip of the healthy hair-bearing skin and the 
further extraction of hair follicles by cutting perpendicularly 
to the axis incision, as it allows for minimizing the incision 
length as well as bleeding, but also leaves a linear scar that  
may leave the patient with a negative cosmetic effect,  
that is usually more visible in patients with short hair. 
Therefore, this method is more commonly chosen by 
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women. The FUE technique involves removing groups of 
4 hair follicles using a small calibre punch with the help of 
a robot, which in some cases may leave dispersed white scars 
up to 1 mm in size, making it more cosmetically acceptable 
than the traditionally used FUT technique. Additionally, the 
robot controls the punch angle, which prevents damage 
to the hair follicles. However, during the clinical studies, it 
was found that when an experienced surgeon performs the 
procedure, the frequency of cutting off the hair follicles in 
both methods is roughly the same and ranges from 5 to 7%. 
What is more, before performing the FUE transplantation it 
is necessary to shave a donor area, which may be a problem 
for some people. Nowadays, the FUE technique is becoming 
increasingly used as a first-line treatment modality in the 
surgical management of androgenetic alopecia in men [66].

Oral nutraceuticals
Oral nutraceuticals have been shown to be effective in 

promoting moderate hair growth in patients with andro-
genetic alopecia and may serve as a useful supplement to 
currently available treatments. This group of substances 
can promote and enhance the effects caused by the stand-
ard treatment. Probably, the most examined and well- 
-researched natural nutraceutical would be the saw pal-
metto (SP) extract, which can be administered systemically 
as well as topically in the form of shampoo. Saw palmetto 
acts as the 5α-reductase type I and type II inhibitor that 
may decrease DHT binding capacity to the scalp AR by up 
to 50%. Its effectiveness is well documented and that is 
why SP can be prescribed for the patients unwilling to take 
finasteride. The standard dose of the medication accounts 
for 320 mg per day and it may be more effective to split the 
dosage and take the medication twice daily, as the biological 
half-life of the SP extract is quite short. The other natural sub-
stances that can be used by the patients include melatonin, 
caffeine, marine extracts, green tea extracts, rosemary oil, 
pumpkin seed oil and cannabidiol oil [67].

Ketoconazole shampoo
Ketoconazole shampoo is very commonly used for 

treating severe dandruff, including seborrheic dermati-
tis. Ketoconazole is an antifungal medication that is derived 
from imidazole. It exhibits an anti-androgenic activity that is 
thought to moderately decrease DHT concentration within 
the scalp and also reduce the excess of sebum production. 
Therefore, it can be used by patients with androgenetic alo-
pecia as the complementary treatment method in the form 
of 2% ketoconazole shampoo. It is most advised that the 
patients use the shampoo 3–4 times a week. However, the ad-
verse effect of such a treatment can be scalp dryness, so it may 
be important to use moisturizing conditioners to avoid it [11].

Treatment with botulinum toxin type A
The treatment with injections of botulinum toxin type A  

(BTA) still seems to be more of an experimental method. 
However, in a trial with 63 patients, it was found that the 
method may be effective, without causing any serious side 
effects [68]. The possible explanation of why this method 
works can be directly derived from the minoxidil’s mecha-
nism of action that is associated with the dilation of scalp 
vasculature. When BTA is administered intramuscularly 
into the scalp, it causes the relaxation of its muscles, which 
can further result in decreased pressure on the scalp vessels 
that enhance the blood flow into the scalp. Therefore, in 
an oxygen-rich environment, the conversion of testosterone 
into DHT is less efficient as well as the enzymatic activity 
of the aromatase is enhanced. It all results in a decreased 
level of DHT within the scalp, as the miniaturization of hair 
follicles becomes inhibited.

The treatment with botulinum can be currently per-
formed by some dermatologists, with the promising results 
of increasing hair growth on the sites that are especially 
resistant to minoxidil and/or finasteride. That includes the 
bitemporal area (temples) [68]. The method may become 
broadly used in the future, however, more trials are needed 
to thoroughly assess its clinical efficacy.

Ongoing research — what may be broadly used  
in the future

Currently, probably the most promising and vitally re-
searched new group of medications is the group of topical 
androgen receptor antagonists, including pyrilutamide, clas-
coterone and GT20029 [42]. Most research has been already 
done on clascoterone, as in vitro it provides the same effects 
as finasteride and was approved by the FDA for the treatment 
of acne vulgaris. Its mechanism of action is based on the com-
petitive inhibition of the cytoplasmic androgen receptors 
(AR) [69]. Some specialists may also perform stem cell-based 
therapies [70]. Mesenchymal stem cells derived from hair 
follicles and adipose tissue are currently being investigated 
[71, 72]. Moreover, apart from topical spironolactone and 
flutamide, topical cetirizine has also been showing some 
preliminary promising results [42, 73]. Finally, scalp threading 
with PDO threads may raise the total number of hairs [42].

Apart from that, a very interesting trial has been recently 
performed with the use of the water extract of Cacumen 
platycladi, which is derived from the tree — Platycladus 
orientalis. In vivo assay, has shown that the high dose of the 
extract provides the same therapeutic effects as finasteride. 
These promising results are thought to come from the in-
duction of the Akt/GSK3β/β-catenin signalling pathway, as 
it promotes hair growth [74]. Many other naturally derived 
substances are also being thoroughly investigated.
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CONCLUSIONS
Androgenetic alopecia is a chronic and persistent dise

ase. Therefore, some authors postulate renaming the con-
dition in women and use the term female pattern hair loss, 
instead of female androgenetic alopecia. However, the exact 
character of the disease in women is not yet well-discovered, 
as both terms are used to describe the same condition. The 
disease character may vary between individual females, as it  
is supposedly due to the different aetiology. However,  
it is a clear fact that some women demand long-lasting 
treatment, which may also be unlimited. On the other 
side, androgenetic alopecia in men is a strictly androgen- 
-dependent entity that is chronic and requires the appropri-
ate treatment as long as the patients want to maintain good 
results. Androgenetic alopecia drastically impairs the quality 
of life of the affected individuals, making them more prone 
to the most common affective disorders, including depres-
sion and anxiety. Young men in their 20s and 30s seem to 
be especially affected by the burdens of the disease. The 
standard treatment of androgenetic alopecia involves topical 
and systemic minoxidil, oral (and possibly topical) finasteride 
as well as oral dutasteride (with the possibility of its use in 
mesotherapy). However, the introduction of systemic treat-
ments may be associated with the potential side effects and 
topical therapies are commonly inaccessible. Many addi-
tional pharmacological and nonpharmacological treatment 
modalities are also available (including the surgical treatment 
of AGA). There is a great need for further improvement of 
yet-used modalities, as especially important seems to be 
properly performed and evaluated follow-up. With the in-
creasing awareness and interest of the patients regarding 
androgenetic alopecia as well as its widespread in contem-
porary dermatology, researchers keep on examining the old 
treatments and also completely new therapies, that base on 
the main pathoaetiological and molecular mechanisms of 
androgenetic alopecia, are being discovered. Moreover, the 
management of patients with androgenetic alopecia should 
be done by dermatologists with the proper skills and expe-
rience in the area of scalp and hair diseases. It is especially 
important, because nowadays the lack of a single effective 
treatment and the increased availability of various new drugs 
in recent years, may be challenging and overwhelming for 
doctors. Although many therapies are available, choosing the 
appropriate ones for this chronic condition can be difficult. 
The other thing is that the efficacy of some of the available 
treatments may directly depend on the knowledge and 
experience of the performing doctor.

Article information and declarations
Author contributions

KŚ — conceptualization; methodology; data cura-
tion; formal analysis; investigation; resources; validation; 

visualization; writing: original draft. DS — conceptualization; 
methodology; data curation; formal analysis; investigation; 
resources; validation; visualization; writing: original draft. 
WP — conceptualization; supervision; writing: review and 
editing. AOS — conceptualization; supervision; writing: 
review and editing.

Funding
This research has not received any funding.

Acknowledgments
None.

Conflict of interest
The authors declare no conflict of interest.

Supplementary material
None.

REFERENCES
1.	 Gupta AK, Talukder M, Venkataraman M, et al. Minoxidil: a comprehen-

sive review. J Dermatolog Treat. 2022; 33(4): 1896–1906, doi: 10.1080/0
9546634.2021.1945527, indexed in Pubmed: 34159872.

2.	 Nestor MS, Ablon G, Gade A, et al. Treatment options for androge-
netic alopecia: efficacy, side effects, compliance, financial consid-
erations, and ethics. J Cosmet Dermatol. 2021; 20(12): 3759–3781, 
doi: 10.1111/jocd.14537, indexed in Pubmed: 34741573.

3.	 Rudnicka L, Kaczorowska A, Waśkiel-Burnat A, et al. Treatment of dis-
eases associated with cicatricial alopecia. Dermatology Review. 2022; 
109(1): 32–42, doi: 10.5114/dr.2022.116731.

4.	 Bhat YJ, Saqib NU, Latif I, et al. Female pattern hair loss-an update. 
Indian Dermatol Online J. 2020; 11(4): 493–501, doi:  10.4103/idoj.
IDOJ_334_19, indexed in Pubmed: 32832434.

5.	 Starace M, Orlando G, Alessandrini A, et al. Female androgenetic alo-
pecia: an update on diagnosis and management. Am J Clin Dermatol. 
2020; 21(1): 69–84, doi:  10.1007/s40257-019-00479-x, indexed in 
Pubmed: 31677111.

6.	 Liu Q, Tang Y, Huang Y, et al. Insights into male androgenetic alopecia 
using comparative transcriptome profiling: hypoxia-inducible factor-1 
and Wnt/β-catenin signalling pathways. Br J Dermatol. 2022; 187(6): 
936–947, doi: 10.1111/bjd.21783, indexed in Pubmed: 35862273.

7.	 Guarrera M, Rebora A. Kenogen in female androgenetic alopecia. A longi-
tudinal study. Dermatology. 2005; 210(1): 18–20, doi: 10.1159/000081477, 
indexed in Pubmed: 15604539.

8.	 Nirmal B, Somiah S, Sacchidanand SA, et al. Evaluation of perifollicular 
inflammation of donor area during hair transplantation in androgenetic 
alopecia and its comparison with controls. Int J Trichology. 2013; 5(2): 
73–76, doi: 10.4103/0974-7753.122963, indexed in Pubmed: 24403768.

9.	 Katzer T, Leite Junior A, Beck R, et al. Physiopathology and current treat-
ments of androgenetic alopecia: going beyond androgens and anti- 
-androgens. Dermatol Ther. 2019; 32(5): e13059, doi: 10.1111/dth.13059, 
indexed in Pubmed: 31400254.

10.	 Asfour L, Cranwell W, Sinclair R, et al. Male androgenetic alopecia. 
MBBS(Hons), BMedSc(Hons), and Rodney Sinclair, MBBS, MD, FACD, 
Male Androgenetic Alopecia; 2016; https://www.ncbi.nlm.nih.gov/bo-
oks/NBK278957/ (01.05.2023).

11.	 Brzezińska-Wcisło L, Rakowska A, Rudnicka L, et al. Androgenetic 
alopecia. Diagnostic and therapeutic recommendations of the Polish  
dermatological society. Dermatology Review. 2018; 105(1): 1–18, 
doi: 10.5114/dr.2018.74162.

12.	 Pietrauszka K, Bergler-Czop B. Sulfotransferase SULT1A1 activity in hair 
follicle, a prognostic marker of response to the minoxidil treatment 
in patients with androgenetic alopecia: a review. Postepy Dermatol 
Alergol. 2022; 39(3): 472–478, doi: 10.5114/ada.2020.99947, indexed 
in Pubmed: 35950120.

https://www.ncbi.nlm.nih.gov/books/NBK278957/
https://www.ncbi.nlm.nih.gov/books/NBK278957/


110

Forum Dermatologicum 2023, Vol. 9, No. 3

13.	 Goren A, Shapiro J, Roberts J, et al. Clinical utility and validity of min-
oxidil response testing in androgenetic alopecia. Dermatol Ther. 2014; 
28(1): 13–16, doi: 10.1111/dth.12164.

14.	 Dhurat R, Daruwalla S, Pai S, et al. SULT1A1 (Minoxidil Sulfotrans-
ferase) enzyme booster significantly improves response to topical 
minoxidil for hair regrowth. J Cosmet Dermatol. 2022; 21(1): 343–346, 
doi: 10.1111/jocd.14299, indexed in Pubmed: 34133836.

15.	 Sharma A, Goren A, Dhurat R, et al. Tretinoin enhances minoxidil 
response in androgenetic alopecia patients by upregulating fol-
licular sulfotransferase enzymes. Dermatol Ther. 2019; 32(3): e12915, 
doi: 10.1111/dth.12915, indexed in Pubmed: 30974011.

16.	 Goldman BE, Fisher DM, Ringler SL. Transcutaneous PO2 of the scalp 
in male pattern baldness: a new piece to the puzzle. Plast Reconstr 
Surg. 1996; 97(6): 1109–16; discussion 1117, doi: 10.1097/00006534-
199605000-00003, indexed in Pubmed: 8628793.

17.	 Panchaprateep R, Lueangarun S. Efficacy and safety of oral minoxidil 5 mg 
once daily in the treatment of male patients with androgenetic alopecia: 
an open-label and global photographic assessment. Dermatol Ther 
(Heidelb). 2020; 10(6): 1345–1357, doi: 10.1007/s13555-020-00448-x,  
indexed in Pubmed: 32970299.

18.	 Ramos PM, Gohad P, McCoy J, et al. Minoxidil sulfotransferase enzyme 
(SULT1A1) genetic variants predicts response to oral minoxidil treat-
ment for female pattern hair loss. J Eur Acad Dermatol Venereol. 2021; 
35(1): e24–e26, doi: 10.1111/jdv.16765, indexed in Pubmed: 32567076.

19.	 Nestor MS, Ablon G, Gade A, et al. Treatment options for androge-
netic alopecia: Efficacy, side effects, compliance, financial consid-
erations, and ethics. J Cosmet Dermatol. 2021; 20(12): 3759–3781, 
doi: 10.1111/jocd.14537, indexed in Pubmed: 34741573.

20.	 Blume-Peytavi U, Hillmann K, Dietz E, et al. A randomized, single-blind 
trial of 5% minoxidil foam once daily versus 2% minoxidil solution twice 
daily in the treatment of androgenetic alopecia in women. J Am Acad 
Dermatol. 2011; 65(6): 1126–1134, doi: 10.1016/j.jaad.2010.09.724, 
indexed in Pubmed: 21700360.

21.	 Ramírez-Marín HA, Tosti A. Role of oral minoxidil in patterned hair 
loss. Indian Dermatol Online J. 2022; 13(6): 729–733, doi: 10.4103/idoj.
idoj_246_22, indexed in Pubmed: 36386734.

22.	 Ramos PM, Sinclair RD, Kasprzak M, et al. Minoxidil 1 mg oral versus mi-
noxidil 5% topical solution for the treatment of female-pattern hair loss: 
A randomized clinical trial. J Am Acad Dermatol. 2020; 82(1): 252–253, 
doi: 10.1016/j.jaad.2019.08.060, indexed in Pubmed: 31473295.

23.	 Sinclair RD. Female pattern hair loss: a pilot study investigating com-
bination therapy with low-dose oral minoxidil and spironolactone. 
Int J Dermatol. 2018; 57(1): 104–109, doi: 10.1111/ijd.13838, indexed 
in Pubmed: 29231239.

24.	 Kaufman K, Olsen E, Whiting D, et al. Finasteride in the treatment of 
men with androgenetic alopecia. J Am Acad Dermatol. 1998; 39(4): 
578–589, doi: 10.1016/s0190-9622(98)70007-6.

25.	 Trueb R, Rezende H, Dias MR. A comment on the post-finasteride syn-
drome. Int J Trichology. 2018; 10(6): 255–261, doi: 10.4103/ijt.ijt_61_18, 
indexed in Pubmed: 30783332.

26.	 Caserini M, Radicioni M, Leuratti C, et al. A novel finasteride 0.25% 
topical solution for androgenetic alopecia: pharmacokinetics and 
effects on plasma androgen levels in healthy male volunteers. Int 
J Clin Pharmacol Ther. 2014; 52(10): 842–849, doi: 10.5414/CP202119, 
indexed in Pubmed: 25074865.

27.	 Piraccini BM, Blume-Peytavi U, Scarci F, et al. Topical Finasteride 
Study Group. Efficacy and safety of topical finasteride spray solution 
for male androgenetic alopecia: a phase III, randomized, controlled 
clinical trial. J Eur Acad Dermatol Venereol. 2022; 36(2): 286–294, 
doi: 10.1111/jdv.17738, indexed in Pubmed: 34634163.

28.	 Mysore V, Shashikumar BM. Guidelines on the use of finasteride in andro-
genetic alopecia. Indian J Dermatol Venereol Leprol. 2016; 82(2): 128–
–134, doi: 10.4103/0378-6323.177432, indexed in Pubmed: 26924401.

29.	 Romero Pérez P. Post-Finasteride syndrome. Literature review. Arch Esp 
Urol. 2022; 75(5): 382–399, doi: 10.56434/j.arch.esp.urol.20227505.56, 
indexed in Pubmed: 35983808.

30.	 Haber RS, Gupta AK, Epstein E, et al. Finasteride for androgenetic alo-
pecia is not associated with sexual dysfunction: a survey-based, single-
-centre, controlled study. J Eur Acad Dermatol Venereol. 2019; 33(7): 
1393–1397, doi: 10.1111/jdv.15548, indexed in Pubmed: 30835851.

31.	 Arca E, Açikgöz G, Taştan HB, et al. An open, randomized, comparative 
study of oral finasteride and 5% topical minoxidil in male androgenetic 
alopecia. Dermatology. 2004; 209(2): 117–125, doi: 10.1159/000079595, 
indexed in Pubmed: 15316165.

32.	 Hu R, Xu F, Sheng Y, et al. Combined treatment with oral finasteride 
and topical minoxidil in male androgenetic alopecia: a randomized 
and comparative study in Chinese patients. Dermatol Ther. 2015; 28(5): 
303–308, doi: 10.1111/dth.12246, indexed in Pubmed: 26031764.

33.	 Suchonwanit P, Iamsumang W, Leerunyakul K. Topical finasteride for 
the treatment of male androgenetic alopecia and female pattern 
hair loss: a review of the current literature. J Dermatolog Treat. 2022; 
33(2): 643–648, doi:  10.1080/09546634.2020.1782324, indexed in 
Pubmed: 32538225.

34.	 Gupta AK, Talukder M, Williams G. Comparison of oral minoxidil, finaste-
ride, and dutasteride for treating androgenetic alopecia. J Dermatolog 
Treat. 2022; 33(7): 2946–2962, doi: 10.1080/09546634.2022.2109567, 
indexed in Pubmed: 35920739.

35.	 Gupta AK, Charrette A. The efficacy and safety of 5α-reductase inhibi-
tors in androgenetic alopecia: a network meta-analysis and benefit-risk 
assessment of finasteride and dutasteride. J Dermatolog Treat. 2014; 
25(2): 156–161, doi:  10.3109/09546634.2013.813011, indexed in 
Pubmed: 23768246.

36.	 Jung JY, Yeon JeHo, Choi JW, et al. Effect of dutasteride 0.5 mg/d in 
men with androgenetic alopecia recalcitrant to finasteride. Int J Der-
matol. 2014; 53(11): 1351–1357, doi:  10.1111/ijd.12060, indexed in 
Pubmed: 24898559.

37.	 Shanshanwal SJS, Dhurat RS. Superiority of dutasteride over fin-
asteride in hair regrowth and reversal of miniaturization in men 
with androgenetic alopecia: A randomized controlled open-label, 
evaluator-blinded study. Indian J Dermatol Venereol Leprol. 2017; 83(1): 
47–54, doi: 10.4103/0378-6323.188652, indexed in Pubmed: 27549867.

38.	 Reguero-Del Cura L, Durán-Vian C, de Quintana-Sancho A. RF-meso-
therapy with dutasteride: a future alternative treatment for androge-
netic alopecia. Actas Dermosifiliogr (Engl Ed). 2020; 111(5): 419–420, 
doi: 10.1016/j.ad.2018.10.030, indexed in Pubmed: 32416936.

39.	 Saceda-Corralo D, Moustafa F, Moreno-Arrones Ó, et al. Mesotherapy 
with dutasteride for androgenetic alopecia: a retrospective study 
in real clinical practice. J Drugs Dermatol. 2022; 21(7): 742–747, 
doi: 10.36849/JDD.6610, indexed in Pubmed: 35816059.

40.	 Saceda-Corralo D, Rodrigues-Barata AR, Vañó-Galván S, et al. Meso-
therapy with dutasteride in the treatment of androgenetic alopecia. 
Int J Trichology. 2017; 9(3): 143–145, doi: 10.4103/ijt.ijt_73_16, indexed 
in Pubmed: 28932074.

41.	 Hu AC, Chapman LW, Mesinkovska NA. The efficacy and use of finaste-
ride in women: a systematic review. Int J Dermatol. 2019; 58(7): 759–776, 
doi: 10.1111/ijd.14370, indexed in Pubmed: 30604525.

42.	 Saceda-Corralo D, Domínguez-Santas M, Vañó-Galván S, et al. What’s 
new in therapy for male androgenetic alopecia? Am J Clin Dermatol. 
2023; 24(1): 15–24, doi:  10.1007/s40257-022-00730-y, indexed in 
Pubmed: 36169916.

43.	 Abdin R, Zhang Y, Jimenez JJ. Treatment of androgenetic alopecia us-
ing PRP to target dysregulated mechanisms and pathways. Front Med 
(Lausanne). 2022; 9: 843127, doi: 10.3389/fmed.2022.843127, indexed 
in Pubmed: 35372424.

44.	 Sharma A, Chouhan K, Bhatia S, et al. Platelet-Rich plasma in androge-
netic alopecia. Indian Dermatol Online J. 2021; 12(Suppl 1): S31–S40, 
doi: 10.4103/idoj.idoj_328_21, indexed in Pubmed: 34976879.

45.	 de Oliveira AF, Arcanjo FP, Rodrigues MR, et al. Use of autologous 
platelet-rich plasma in androgenetic alopecia in women: a systematic 
review and meta-analysis. J Dermatolog Treat. 2023; 34(1): 2138692, 
doi: 10.1080/09546634.2022.2138692, indexed in Pubmed: 36264022.

46.	 Shashank B, Bhushan M. Injectable platelet-rich fibrin (PRF): the new-
est biomaterial and its use in various dermatological conditions in our 
practice: a case series. J Cosmet Dermatol. 2021; 20(5): 1421–1426, 
doi: 10.1111/jocd.13742, indexed in Pubmed: 32996229.

47.	 Pillai JK, Mysore V. Role of low-level light therapy (LLLT) in androgenetic 
alopecia. J Cutan Aesthet Surg. 2021; 14(4): 385–391, doi: 10.4103/JCAS.
JCAS_218_20, indexed in Pubmed: 35283601.

48.	 Guo Y, Qu Q, Chen J, et al. Proposed mechanisms of low-level light 
therapy in the treatment of androgenetic alopecia. Lasers Med Sci. 
2021; 36(4): 703–713, doi:  10.1007/s10103-020-03159-z, indexed in 
Pubmed: 33111207.

49.	 Afifi L, Maranda EL, Zarei M, et al. Low-level laser therapy as a treat-
ment for androgenetic alopecia. Lasers Surg Med. 2017; 49(1): 27–39, 
doi: 10.1002/lsm.22512, indexed in Pubmed: 27114071.

50.	 Barikbin B, Khodamrdi Z, Kholoosi L, et al. Comparison of the effects of 
665 nm low level diode Laser Hat versus and a combination of 665 nm 
and 808 nm low level diode Laser Scanner of hair growth in androgenic 



111

Karol Śliwa et al., The diagnosis and treatment of androgenetic alopecia

alopecia. J Cosmet Laser Ther. 2017, doi: 10.1080/14764172.2017.1326
609, indexed in Pubmed: 28513251.

51.	 Jimenez JJ, Wikramanayake TC, Bergfeld W, et al. Efficacy and safety of 
a low-level laser device in the treatment of male and female pattern hair 
loss: a multicenter, randomized, sham device-controlled, double-blind 
study. Am J Clin Dermatol. 2014; 15(2): 115–127, doi: 10.1007/s40257-
013-0060-6, indexed in Pubmed: 24474647.

52.	 Suchonwanit P, Rojhirunsakool S, Khunkhet S. A randomized, investi-
gator-blinded, controlled, split-scalp study of the efficacy and safety 
of a 1550-nm fractional erbium-glass laser, used in combination with 
topical 5% minoxidil versus 5% minoxidil alone, for the treatment 
of androgenetic alopecia. Lasers Med Sci. 2019; 34(9): 1857–1864, 
doi: 10.1007/s10103-019-02783-8, indexed in Pubmed: 30982177.

53.	 Starace M, Orlando G, Alessandrini A, et al. Female androgenetic alo-
pecia: an update on diagnosis and management. Am J Clin Dermatol. 
2020; 21(1): 69–84, doi:  10.1007/s40257-019-00479-x, indexed in 
Pubmed: 31677111.

54.	 Faghihi G, Nabavinejad S, Mokhtari F, et al. Microneedling in androgene-
tic alopecia; comparing two different depths of microneedles. J Cosmet 
Dermatol. 2021; 20(4): 1241–1247, doi: 10.1111/jocd.13714, indexed in 
Pubmed: 32897622.

55.	 English RS, Ruiz S, DoAmaral P. Microneedling and its use in hair loss dis-
orders: a systematic review. Dermatol Ther (Heidelb). 2022; 12(1): 41–60, 
doi: 10.1007/s13555-021-00653-2, indexed in Pubmed: 34854067.

56.	 Gupta AK, Quinlan EM, Venkataraman M, et al. Microneedling for hair 
loss. J Cosmet Dermatol. 2022; 21(1): 108–117, doi: 10.1111/jocd.14525, 
indexed in Pubmed: 34714971.

57.	 Dhurat R, Sukesh Ms, Avhad G, et al. A randomized evaluator blinded 
study of effect of microneedling in androgenetic alopecia: a pilot study. 
Int J Trichology. 2013; 5(1): 6–11, doi:  10.4103/0974-7753.114700, 
indexed in Pubmed: 23960389.

58.	 Vargas-Mora P, Morgado-Carrasco D. Spironolactone in dermatology: 
uses in acne, hidradenitis suppurativa, female pattern baldness, and 
hirsutism. Actas Dermosifiliogr (Engl Ed). 2020; 111(8): 639–649, 
doi: 10.1016/j.ad.2020.03.001, indexed in Pubmed: 32571540.

59.	 Searle TN, Al-Niaimi F, Ali FR. Spironolactone in dermatology: uses 
in acne and beyond. Clin Exp Dermatol. 2020; 45(8): 986–993, 
doi: 10.1111/ced.14340, indexed in Pubmed: 32844462.

60.	 Olamiju B, Craiglow BG. Combination oral minoxidil and spironolactone 
for the treatment of androgenetic alopecia in adolescent girls. J Am 
Acad Dermatol. 2021; 84(6): 1689–1691, doi: 10.1016/j.jaad.2020.10.097, 
indexed in Pubmed: 33333154.

61.	 Abdel-Raouf H, Aly UF, Medhat W, et al. A novel topical combination 
of minoxidil and spironolactone for androgenetic alopecia: clinical, 
histopathological, and physicochemical study. Dermatol Ther. 2021; 
34(1): e14678, doi: 10.1111/dth.14678, indexed in Pubmed: 33320406.

62.	 Faghihi G, Iraji F, Siadat AH, et al. Comparison between “5% minoxidil 
plus 2% flutamide” solution vs. “5% minoxidil” solution in the treatment 
of androgenetic alopecia. J Cosmet Dermatol. 2022; 21(10): 4447–4453, 
doi: 10.1111/jocd.14788, indexed in Pubmed: 35152531.

63.	 Goodman NF, Cobin RH, Futterweit W, et al. American Association of 
Clinical Endocrinologists, American College of Endocrinology, and 
Androgen Excess and PCOS Society Disease State clinical review: guide 
to the best practices in the evaluation and treatment of polycystic 
ovary syndrome — Part 1. Endocr Pract. 2015; 21(11): 1291–1300, 
doi: 10.4158/EP15748.DSC, indexed in Pubmed: 26509855.

64.	 Rogers NE. Hair transplantation update. Semin Cutan Med Surg. 
2015; 34(2): 89–94, doi:  10.12788/j.sder.2015.0131, indexed in Pub-
med: 26176286.

65.	 Rassman W, Pak J. Follicular unit extraction: evolution of a technology. 
J Transplant Technol Res. 2016; 06(02), doi: 10.4172/2161-0991.1000158.

66.	 Collins K, Avram MR. Hair transplantation and follicular unit extraction. 
Dermatol Clin. 2021; 39(3): 463–478, doi:  10.1016/j.det.2021.04.003, 
indexed in Pubmed: 34053598.

67.	 Gupta AK, Talukder M, Bamimore MA. Natural products for male 
androgenetic alopecia. Dermatol Ther. 2022; 35(4): e15323, doi:   
10.1111/dth.15323, indexed in Pubmed: 35044013.

68.	 Zhou Y, Yu S, Zhao J, et al. Effectiveness and safety of botulinum 
toxin type a in the treatment of androgenetic alopecia. Biomed Res 
Int. 2020; 2020: 1501893, doi:  10.1155/2020/1501893, indexed in 
Pubmed: 32802833.

69.	 Asfour L, Cranwell W, Sinclair R, et al. Male androgenetic alopecia. 
Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc. 2000, 
indexed in Pubmed: 25905192.

70.	 Mao Y, Liu P, Wei J, et al. Cell therapy for androgenetic alopecia: elixir or 
trick? Stem Cell Rev Rep. 2023; 19(6): 1785–1799, doi: 10.1007/s12015-
023-10532-2, indexed in Pubmed: 37277541.

71.	 Gan Y, Du L, Wang H, et al. A clinical trial of treating androgenic alopecia 
with mesenchymal stem cell suspension derived from autologous hair 
follicle. Plast Reconstr Surg. 2023, doi: 10.1097/PRS.0000000000010841, 
indexed in Pubmed: 37337324.

72.	 Gupta AK, Wang T, Rapaport JA. Systematic review of exosome treat-
ment in hair restoration: Preliminary evidence, safety, and future 
directions. J Cosmet Dermatol. 2023, doi: 10.1111/jocd.15869, indexed 
in Pubmed: 37381168.

73.	 Chen X, Xiang H, Yang M. Topical cetirizine for treating androgenetic alo-
pecia: a systematic review. J Cosmet Dermatol. 2022; 21(11): 5519–5526, 
doi: 10.1111/jocd.15309, indexed in Pubmed: 35976065.

74.	 Fu H, Li W, Weng Z, et al. Water extract of cacumen platycladi promotes 
hair growth through the Akt/GSK3β/β-catenin signaling pathway. 
Front Pharmacol. 2023; 14: 1038039, doi: 10.3389/fphar.2023.1038039, 
indexed in Pubmed: 36891275.


