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Abstract: Platelet-rich plasma (PRP) has become an increasingly popular alternative or additional
method in treating androgenic alopecia (AGA). AGA is a multifactorial disease, in which
testosterone plays a significant role in influencing hair growth. The aim of this study was to evaluate
the effectiveness of PRP treatment in AGA affecting men and women. The research was performed
using the following databases: PubMed, Embase, and Cochrane Library. The effects were measured
with a TrichoScan by comparing the initial and final hair density. A significant difference was
observed between the areas of the scalp where PRP injections were made and those where saline
was administered. Compared to conventional minoxidil 5% topical PRP, PRP is more effective in
treating alopecia. A beneficial outcome of combined therapy with PRP and minoxidil 5% was
observed. Therefore, PRP is not only an excellent alternative for patients in whom the minoxidil 5%
topical monotherapy did not bring the expected effects or who experienced unacceptable side
effects, but can also be used as a complementary therapy.
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1. Introduction

Androgenic alopecia (AGA) is a polygenetic condition characterized by progressive
non-scarring hair loss due to hair follicle miniaturization. In men, specific locations
include temporal and vertex areas, while the occipital region is usually spared. In women,
on the other hand, diffuse thinning of hair is usually observed [1] (Figure 1). According
to epidemiological data, AGA prevails in the Caucasian population, where it affects
approximately 80% of men and 50% of women [1]. Although AGA is a multifactorial
condition, androgens play an important role in its pathophysiology. Dihydrotestosterone
(DHT) is a metabolite of testosterone produced by 5-alpha-reductase. Type 2 of 5-alpha-
reductase is found in the outer root sheath of hair follicles and is instrumental in AGA [2].
Androgen receptors (AR) have two domains—one responsible for binding a ligand (in
this case, androgen hormones) and the second for DNA binding. Activation of the AR
leads to exposure of androgen-sensitive genes, including gene controlling the hair growth
cycle [3].

Female and male androgenetic alopecia present with different clinical patterns. In
women, the expression of 5-alpha-reductase is decreased compared to men, which results
in less severe hair loss. In men, mainly temporal and parietal areas are affected, while in
women, a diffuse pattern of hair loss would be observed [4].

Conventional AGA treatments include therapies approved by the Food and Drug
Administration (FDA), ie., 5% topical minoxidil, 5-alpha-reductase inhibitors
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(finasteride), and low-level light therapy (LLLT) [5]. Minoxidil leads to vasodilation
secondary to potassium channel opening and smooth muscle relaxation. Higher blood
flow increases the level of growth factors in the dermal papilla (DP) [1]. Finasteride is a
per os drug that inhibits type II 5-alpha-reductase, while dutasteride inhibits both I and II
types [6]. However, using these drugs carries a specific risk of sexual dysfunction [7]. Low-
level light therapy increases hair density, but its exact mechanism is unknown [1].

Other therapeutic alternatives include off-label options such as androgen receptor
antagonists, prostaglandin analogs, and ketoconazole.

Androgen receptor antagonists include spironolactone, cyproterone acetate, and
flutamide. There are not enough data providing information on the effectiveness of these
agents in patients without hyperandrogenism in the treatment of AGA, and they are also
highly teratogenic [1].

Prostaglandin F (PGF) analogs are used in eyelash hypotrichosis as they prolong
anagen phases. High levels of prostaglandin D (PGD) and its synthetase were discovered
in the scalp of men suffering from AGA [8]. These data imply that prostaglandins play an
important role in hair growth and a proper balance between PGF and PGD is needed.
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Figure 1. Androgenic alopecia in men and women.

Ketoconazole is an antifungal agent that interferes with steroidogenesis affecting
androgen levels. It is often used topically in combination with finasteride to produce an
additional decrease in DHT in the scalp [1].
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Novel therapies include stem cells, scalp micro-needling, Wnt signaling, JAK-STAT
signaling, and platelet-rich plasma (PRP) injections [9].

PRP is a blood-derivative previously used in thrombocytopenia treatment [10]. Over
time, when the regeneration-stimulating effect of PRP was observed, it began to be used
in many other fields of medicine, including orthopedics, gynecology, dermatology,
urology, and ophthalmology [11]. Current dermatology applications include hair loss
treatment, wound healing improvement, skin rejuvenation and scar appearance
improvement [12].

To obtain PRP, citrated whole blood is used in the centrifugation process, which
prevents coagulation. The addition of anticoagulant enables treatment providers to obtain
liquid PRP [13]. After centrifugation, blood is divided into three layers: red blood cells
(RBC) and leukocytes, PRP, and platelet-poor plasma (PPP) [14] (Figure 2).
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Figure 2. Centrifugation and platelet-rich plasma separation.

A high concentration of autologous platelets is present in a small quantity of plasma
after centrifugation of the patient’s blood. Alpha granules in the platelets induce stem cell
regeneration and promote remodeling of soft tissue. There are many growth factors in
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alpha granules of thrombocytes, such as platelet-derived growth factors (PDGF), vascular
endothelial growth factor (VEGF), epithelial growth factor (EGF), transforming growth
factor-beta (TGF beta), and insulin-like growth factor (IGF) [15]. The mitogenesis and
differentiation of monocytes, fibroblasts, stem cells, keratinocytes, and endothelial cells
occurs due to growth factors in the PRP alpha granule [12].

2. Materials and Methods
2.1. PICOS

This systematic review was conducted according to the PICOS criteria and PRISMA
protocol (registered in the PROSPERO database for systematic reviews under 353692).

Patient (P): Men and women in all the stages of AGA based on the Norwood scale

Intervention (I): PRP subcutaneous scalp injections

Control (C): Compared with placebo

Outcome of interest (O): Male and female pattern hair loss

Study design (S): randomized clinical trials with placebo control

Focused question: Is PRP more effective in treating AGA than topical 5% minoxidil

and placebo?

Search strategy: The reviewer performed computerized, systematic research using

the following databases:

PubMed, EMBASE, and Cochrane Library using the following BOOLEAN operators:

“Platelet AND Rich AND Plasma” OR “androgen AND alopecia” OR “androgen
AND hair loss” OR “PRP AND treatment” OR “treatment AND androgenic AND alope-
cia” OR “Platelet AND Rich AND Plasma AND injections” OR “baldness” OR “male AND
pattern AND hair AND loss”

2.2. Study Selection

The investigator performed quality control of pre-qualified studies using the inclu-
sion and exclusion criteria. The risk of bias was assessed as low based on a common clas-
sification scheme for bias. The research was performed in November 2021 and updated in
August 2022.

The study was included if it met the following inclusion criteria: hair loss clinically
typical for AGA, randomized clinical trial with placebo control, PRP injections, published
in English, at least three treatment sessions, and at least 30-day follow-up, with outcomes
measured in hair density.

Exclusion criteria: meta-analysis, systematic reviews, books, case reports, in vitro
studies, animal experiments, lack of negative control, hair loss different than AGA, group
of participants smaller than 10, studies published prior to 2011.

The search strategy resulted in 153 articles with a full-text review of 35 studies.
Twenty-two studies were clinical trials but did not meet other inclusion criteria such as
number of interventions, number of participants, and outcome measurement (Figure 3).
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; Studies included in review
g (n=13)

Figure 3. Identification of studies via databases and registers.

3. Results and Discussion

A total of 435 patients were selected for the study. The number of procedures ranged
from 3 to 5 (mean = 3; median = 3) and the duration of the studies ranged from 2 months
up to 24 months. Age ranged from 18 to 85, and studies included both men and women.

The heterogeneity of the studies was mainly related to the different number of pa-
tients, the different duration of the study, the number of procedures performed and the
length of the intervals, the different ages of the participants, the severity of the disease,
and whether minoxidil was used.

The outcomes of the studies were measured by TrichoScan, which is a digital soft-
ware-supported epiluminescence technique for measuring hair count (number of
hairs/0.65 cm?), hair density (number of hairs/cm?), hair diameter, vellus hair/terminal hair
ratio, and anagen/telogen ratio.

One study included in this article evaluated the impact of dalteparin and protamine
on PRP efficacy [16], nine studies compared PRP injections with saline injections as a con-
trol group [16-24], and three studies compared PRP treatment with 5% topical minoxidil
treatment [25-27] (Table 1).
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Table 1. Characteristics of the studies.
Evaluation of
Number of the Effect TrichoScan
. Outcome Treatment Age Range . .
Author Patients and Measure Protocol Compared to (vears) Difference in
Gender Control y Density (%)
Group
. . . . 1.9% (control)
Takikawaet 26 (16 men, 10 Hi;rffrn;l;y > SZSS;(:;‘ZQVI‘('”h Positive 2859 13.4% (PRP)
al., 2011 [16] women) section intervals 15.8%
’ (PRP/DP)
3 monthly No difference
treatment between study
. ith
Shapiro etal, 35 (18 men, 17 Hair densit Seesj:l)lrllastxi CO%T;Z{’ arrcl)clil 18-58 107% (control)
2020 [17] women) y Ot BToup 13.3% (PRP)
after 3 months Positive effect
after the final ~ compared to
treatment the baseline
Residual hair . .
. 3sessions with
count and hair 30-day
Gentile et al., density based . ) .. 2.4% (control)
20 (2 Is, final P 19—
2015 [18] 0 (20 men) on interva s,. ina ositive 9-63 28.6% (PRP)
. evaluation
computerized
. after 2 years
trichogram
3 sessions with
. Hair density, evaluation
1li et al. -1.89 trol
Cervelli et al, 10 (10 men)  anagen/teloge after 14 weeks, Positive 22-60 8% (control)
2014 [19] i 14.8% (PRP)
n ratio 6 months and
12 months
A.lves and 22 (11 men, 11 Hair density, 3 sessions with N 1.3% (control)
Grimalt, 2016 mean anagen 30-day Positive 21-62
women) . . 7.7% (PRP)
[20] hairs intervals
3 sessions with
30-day
intervals, final
Gentile etal., 23 (18 men, 5 . . ] . 1% (control)
Hair d luat Posit 21-7
2018 [21] women) air density evaluation 3 ositive 0 31% (PRP)
months after
the last
injection
3 sessions,
with 1-month
Dubin et al.,, . . intervals, and .. -4.5% (control)
30 (30 Hair densit Posit 27-85
2020 [22] (30 women)  Hair density final ostive 12.8% (PRP)
evaluation

after 6 months




Sci. Pharm. 2023, 91, 4

7 of 11

Rodrigues et

4 sessions,
with 15-day
intervals and
final

No accurate

al., 2019 [23] 26 (26 men) Hair density evaluation 3 Positive 18-50 data available
months after
the last
treatment
5 sessions,
with 2-week
intervals and
Siah et al., 10 (1 man, 9 . . final . 1% (control)
2020 [24] women) Hair density  __luation 2 Positive 20-55 12.8% (PRP)
months after
the last
intervention
4 sessions,
with 1-week
Tawfik and mterf‘ilifi e 24% (control)
Osman, 2018 30 (30 women)  Hair density evaluation 6 Positive 20-45 104.9% (PRP)
[25]
months after
the last
treatment
Sultana and 3 sessions with 13,2%
Paul, 2020 [26] 54 (54 men) Hair density 4 weeks Positive 18-50 (minoxidil 5%)
’ intervals 24% (PRP)
15.8%
Pakhomova 4 procedures (minoxidil 5%)
and Smirnova, 69 (69 men) Hair density =~ with 1 month Positive 18-53 11.7% (PRP)
2020 [27] intervals 32% (PRP +
minoxidil 5%)
3 sessions with 1.2%
. . (Control)
Hair density, 1 month o
Singh et al. patient self-  intervals and 54.9% (PRP)
’ 80 (80 men) . Positive 18-60 36.7%
2020 [28] assessment, final .
photographies  evaluation (Minoxidil 5%)
67.1% (PRP +

after 2 months

minoxidil 5%)

PRP injections are becoming an increasingly popular alternative for conventional

treatment of AGA in men and women. Its rising popularity stems from an extremely brief
recovery period, safety, and good results [28] Despite many studies, the mechanism of
action and its effectiveness remain unclear. It has been proven that PRP promotes DP cell
proliferation, but the intensity of proliferation did not correlate with the concentration of
thrombocytes [29] The probable mechanism of action is based on growth factors present
in PRP, which induce proliferation of DP cells, activate anti-apoptotic pathways, and pro-

mote transition to anagen phase from telogen phase [4].
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In this study the reliability and statistical validity of publications that met the inclu-
sion criteria were assessed, to answer the questions related to the effectiveness and safety
of PRP as an alternative therapy for AGA in men and women.

The study by Shapiro et al. revealed no significant differences between the two
groups, but hair density was significantly increased in both groups at the end of the stud-
ies compared to the baseline, which may indicate a significant impact of the injections of
the scalp alone. Another possible reason is a diffusion of PRP components to the control
area, as the study was split-scalp, and patients acted as their own control [17].

However, other studies showed a significant difference between the study group and
the control. In the study by Gentile et al., hair density in the verum group increased sig-
nificantly (31%) while insignificantly (2%) in the control group. 20 participants acted as
their own control and received three treatments, with a follow-up period of 2 years. Four
participants showed progressive hair loss after one year and were successfully retreated
[18].

The studies by Cervelli et al., Alves and Grimalt, and Gentile et al. even showed a
decrease in hair density in the control group, which may be due to bleeding related to
administration of the saline solution [19-21].

Ten male participants aged 22-60 were involved in the study by Cervelli et al. and
received three treatments in a split-scalp fashion. A positive effect of PRP injections was
observed, including an increased number of hair follicles in microscopic evaluation [19].

In the study by Alves and Grimalt, 22 participants received PRP treatment in a split-
scalp fashion, with 1-month intervals and 6-month follow-ups. A significant increase in
hair density was observed compared to the baseline and the control [20].

Eighteen male and five female participants aged 21-70 were involved in the split-
scalp study by Gentile et al. and received three treatment sessions with a 3-month follow-
up after the last treatment. The study revealed a significant difference in hair density in
PRP-treated areas compared to the study areas and the baseline [21].

Dubin et al. conducted a randomized placebo-controlled study on 30 female partici-
pants. Half of them received subcutaneous PRP injections and the other half saline injec-
tions in the same fashion. The intervention included three treatment sessions with 1-
month intervals and 6-month follow-up. Evaluations after 4, 8, and 24 weeks revealed a
significant increase in hair density in the verum group compared to placebo and the base-
line [22].

A study by Rodrigues et al. demonstrated a significant positive effect of PRP subcu-
taneous injections in AGA patients compared to placebo and baseline. 26 male partici-
pants were randomly assigned to the verum or placebo group and received four interven-
tions with 15-day intervals and final evaluation three months after the last treatment.
However, the positive effect did not correlate with platelet count or growth factors con-
centration [23].

In a study by Siah, 10 participants (nine female and one male) aged 20-55 received
PRP injections in a split-scalp fashion, acting as their own control. Five interventions, with
2-week intervals and 2-month follow-up after the last treatment, resulted in a significant
positive effect on hair density compared to the control and the baseline [24].

In a split-scalp study by Tawfik and Osman, 30 female participants received four PRP
and saline injection sessions, with 1-week intervals, acting as their own control. The final
evaluation took place six months after the last intervention. The study showed a positive
result of PRP injections compared with placebo. The effect was maintained during the
final evaluation [25].

In the study conducted by Takikawa et al., the impact of dalteparin and protamine
microparticles (PRP&D/P) on PRP was evaluated. The study involved 26 participants
aged 28-59 (16 men and 10 women). Half the patients received plain PRP injections on
one side of the scalp, while saline was administrated on the placebo side, and the other
half received PRP&D/P MPs instead of PRP. In PRP and PRP&D/P groups, the increase in
hair density and cross-section was significantly higher than on the control side (p < 0.01).
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Placebo groups did not show any improvement compared to the baseline. The study re-
vealed that PRP&D/P brings better results than PRP alone, but the mechanism remains
unknown. Thus, further studies are needed [16].

In a study by Sultana and Paul, PRP injections were compared with topical minoxidil
5% therapy. The trial involved 54 male participants divided into two groups. One group
received 3 PRP treatment sessions with 4-week intervals, and the other group was simul-
taneously treated with topical 5% minoxidil. The evaluation was performed after 8 and 12
weeks. The results indicate PRP therapy is significantly more effective in AGA treatment
than topical minoxidil [26]. However, it is unknown to what extent this is due to the high
concentration of platelets and the injection procedure itself. Therefore, to unequivocally
determine which therapy brings the most beneficial effects, a study should be carried out
in which the control group, in addition to minoxidil 5%, also receive saline injections.

Pakhomova and Smirnova took it a step further and, beyond the minoxidil 5% group
and the PRP injection group, opened up a combination therapy group consisting of topical
minoxidil 5% and PRP. The study involved 69 male participants divided into three
groups. Improvement in hair condition was observed in every group. However, data sug-
gest PRP injection therapy is more effective than minoxidil therapy, and combined ther-
apy is more effective than any of those two treatment alternatives in monotherapy [27].
The results of their study are consistent with those achieved by Sultana and Paul [26].

In a study by Singh et al., [28], 80 patients were divided into four groups, three of
which were the same as in the study by Pakhomova and Smirnova [28], while the fourth
group received only saline injections. In the last group, a decrease in hair density was
observed after five months. The other results were consistent with the results achieved by
other researchers, as in this case it also turned out that the combination therapy brings the
best effect, while the use of PRP alone is more effective than the topical application of
minoxidil 5%.

As previously mentioned, the injection method itself can have a significant impact
on the final effect, both in the test group and in the placebo, but due to the differences
between the groups, it should be assumed that the substances present in PRP have a sig-
nificant influence on the final effect.

Since some control groups experienced a significant or slight increase in hair density
while others showed a decrease in hair density, it may be assumed that the injection
method, including the amount of bleeding during the procedure, contributed to the vari-
ability of the results.

Most of the studies involved a half-injection of the scalp with PRP, while the other
half of the scalp was injected with saline. Therefore, the influence of growth factors pre-
sent in PRP on the effect observed in control areas cannot be ruled out.

4. Conclusions

PRP in treatment of AGA was previously assessed in systematic reviews, many of
which implied that due to heterogenous results of clinical trials, there is not sufficient ev-
idence on its effectiveness [29]. Due to strict inclusion criteria, the number of studies in-
cluded in this systematic review was limited. In addition to the assessment of the quality
of studies, excluding studies with the number of procedures below 3 and insufficient fol-
low-up period allowed us to evaluate PRP treatment as a therapy consisting of repeated
procedures. In our opinion, the inclusion criteria mentioned above are crucial for proper
assessment of its effectiveness.

PRP subcutaneous scalp injections are an effective method in the treatment of AGA
in men and women. All the studies included in this review revealed a positive impact in
the verum group compared to the baseline.

The exact mechanism of action is still unknown and some studies suggest that the
platelet count and growth factors concentration are not the crucial factors increasing hair
density. Nevertheless, it may be concluded that PRP is a good alternative for patients
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whose treatment with topical minoxidil did not bring the desired effect or resulted in un-
acceptable side effects.
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