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Abstract  Original Research Article 
 

Background: Platelet-rich plasma (PRP) therapy holds promise as a treatment for androgenetic alopecia (AGA). This 

study aimed to compare the clinical efficacy of PRP therapy, minoxidil, and their combination in treating men with 

AGA, and to evaluate PRP's effects on hair follicle (HF) cell proliferation via skin biopsy. Materials and Methods: This 

prospective study was carried out at tertiary hospital from June 2021 to June 2022. A total of 69 men were divided into 

three groups: PRP therapy, minoxidil, and combined therapy. Clinical efficacy was assessed through hair 

morphometrics, while cell proliferation was evaluated using antibodies against β-catenin, CD34, Ki67, and Dkk-1. 

Results: PRP therapy proved more effective than minoxidil (p = 0.005). Combined therapy significantly outperformed 

minoxidil monotherapy (p < 0.0001) and PRP monotherapy (p = 0.007). Following PRP application, there was a notable 

increase in the absolute and relative expression areas of β-catenin and CD34, alongside a significant rise in the Ki67+ 

index. Conclusions: PRP represents a viable treatment option for AGA. Combining PRP with minoxidil shows promise 

in enhancing treatment outcomes for AGA by increasing HF cell proliferative activity and improving hair morphology. 

Keywords: platelet-rich plasma (PRP); androgenetic alopecia (AGA); minoxidil; hair morphometry; hair follicle cell 

proliferation. 
Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
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INTRODUCTION 
Androgenetic alopecia (AGA), commonly 

known as male pattern baldness, is a prevalent condition 

affecting a significant proportion of the male population. 

Characterized by progressive hair thinning and loss, 

AGA can have profound psychological and social 

impacts. Over the years, various treatments have been 

explored to manage and potentially reverse this 

condition. Among these, Platelet-Rich Plasma (PRP) 

therapy and Minoxidil stand out due to their distinct 

mechanisms of action and therapeutic benefits. This 

introduction aims to delve into the efficacy of PRP 

therapy, Minoxidil, and their combination in treating 

men with androgenetic alopecia [1-3]. 

 

Platelet-Rich Plasma (PRP) therapy has 

emerged as a promising treatment for AGA due to its 

potential to stimulate hair growth through autologous 

blood-derived growth factors. PRP involves centrifuging 

a patient's blood to concentrate platelets, which are then 

injected into the scalp. These platelets release growth 

factors that can promote hair follicle regeneration and 

increase hair density. Studies have shown that PRP 

therapy can significantly improve hair count, hair 

thickness, and hair root strength, making it a viable 

option for patients seeking non-surgical interventions for 

hair loss [4-7]. 

 

Minoxidil, a topical medication, has been a 

cornerstone in AGA treatment for decades. Originally 

developed as an antihypertensive drug, Minoxidil was 

found to have the side effect of promoting hair growth. It 

works by prolonging the anagen phase (growth phase) of 

the hair cycle, thus preventing hair follicles from 

shrinking [8-11]. Regular application of Minoxidil has 

been proven to increase hair density and reduce hair loss. 

While its exact mechanism is not fully understood, 

Minoxidil is widely regarded as an effective treatment 

for male pattern baldness, especially in the early stages 

of hair loss. 

 

Combining PRP therapy with Minoxidil may 

offer synergistic benefits, enhancing the efficacy of both 

treatments. PRP’s regenerative properties, coupled with 

Minoxidil’s ability to extend the hair growth phase, 

could potentially yield superior results compared to 

either treatment alone. Preliminary studies suggest that 
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the combination therapy can lead to greater 

improvements in hair density, thickness, and overall hair 

health. This integrated approach could be particularly 

beneficial for patients who have not responded 

adequately to monotherapy [12-15]. 

 

Both PRP therapy and Minoxidil have 

demonstrated efficacy in treating androgenetic alopecia 

in men. While PRP therapy leverages the body’s natural 

growth factors to rejuvenate hair follicles, Minoxidil acts 

by prolonging the hair growth cycle. Their combination 

could represent a more effective strategy, offering hope 

to those affected by this common yet distressing 

condition. 

 

Objective  

To assess the clinical Efficacy of PRP-Therapy, 

Minoxidil, and Their Combination in the Treatment of 

Men with Androgenetic Alopecia. 

 

METHODOLOGY  
This prospective study was carried out at 

tertiary hospital from June 2021 to June 2022. Sixty-nine 

men aged 18 to 53 years (mean age 29.7 ± 1.9 years) 

were observed in the study, with most participants 

(81.1%) being between 21 and 40 years old. The duration 

of AGA varied from 11 months to 12 years, averaging 

3.3 ± 0.61 years. According to the Norwood-Hamilton 

scale, 91.3% of the patients had AGA degrees II-IV. 

 

Inclusion criteria required male patients with 

AGA degrees I-IV on the Norwood-Hamilton scale. 

Patients were offered treatment options—PRP, 

Minoxidil, or their combination—along with 

explanations of each method's advantages and expected 

clinical effects. The patients were then divided into three 

groups based on their chosen treatment. Exclusion 

criteria included AGA degree VI or higher, confirmed 

hyperandrogenism, inflammatory scalp processes, usage 

of external hair growth stimulants, medications affecting 

steroid hormones, endocrinopathies affecting steroid 

hormones, and hair transplants. Additional exclusion 

criteria for PRP therapy included medications lowering 

platelet levels, leukocytosis or thrombocytopenia, 

treatment side effects, and a tendency to form keloid or 

hypertrophic scars.  

 

The first group received PRP injections, the 

second group received PRP combined with 5% 

Minoxidil solution, and the third group used only 5% 

Minoxidil solution. Minoxidil was applied twice daily to 

the dry scalp without rinsing for four months. PRP 

therapy involved four procedures at one-month intervals. 

The study was designed as a prospective, controlled, 

randomized trial with a four-month follow-up period. 

Pre-treatment observation groups were similar in age, 

AGA degree, and morphometric parameters. Control 

measurements were taken before treatment and after four 

months. Group 3 was assessed after four months of 

Minoxidil use, while Groups 1 and 2 were evaluated one 

month after their fourth PRP session. Evaluators were 

blinded to treatment groups and periods. 

 

For PRP, 18 mL of venous blood was collected, 

centrifuged twice, and 4 mL of PRP was injected into the 

scalp. The average platelet count in PRP was 882.5 ± 

143.62 × 10^9/L. Clinical efficacy was assessed using 

hair growth morphometric indicators via a digital video 

camera and software. Hair density, vellus and telogen 

hair proportions, and average hair diameter were 

measured. 

 

Hair density before treatment ranged from 381 

to 479/cm^2, lower than the regional average of 540 to 

600/cm^2. Vellus hair proportion and average diameter 

were also below regional averages. Treatment effects 

were assessed by hair density, diameter, and proportions 

of vellus and telogen hair. Significant improvements in 

multiple indicators indicated high therapy effectiveness. 

Skin biopsies for immunohistochemistry were performed 

before and after PRP therapy, assessing markers like 

Ki67, Beta-catenin, CD34, and DKK-1 using digital 

microscopy and morphometry. 

 

Statistical analysis was performed using the R 

programming language. Significant results were 

considered with a p-value of < 0.05. 

 

RESULTS 
Complex Therapy (PRP + Minoxidil), PRP 

alone, and Minoxidil alone. Before treatment, 

measurements for hair density on 1 cm² were 408.4 ± 

43.6, 381.5 ± 45.4, and 479.3 ± 51.5, respectively, for 

each group. After treatment, these values changed to 

539.6 ± 52.1, 426.1 ± 50.1, and 554.8 ± 53.5, showing 

dynamics of change of 131.2, 44.6, and 75.5, 

respectively, with significant p-values of 0.00004, 

0.000067, and 0.00073. The share of vellus hair 

decreased by 30%, 17%, and 2%, respectively, with p-

values of 0.00082, 0.002225, and 0.7647. Average 

diameter of all hair increased by 26%, 12%, and 2%, 

respectively, with p-values of 0.00004, 0.001947, and 

0.338. The share of telogen hair decreased by 39%, 16%, 

and 5%, respectively, with p-values of 0.00008, 0.02836, 

and 0.338. 
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Table 1: Dynamics of morphometric indicators of hair growth 

  Complex Therapy (PRP + 

Minoxidil) 

PRP Minoxidil 
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 Abs. 408.4 ± 

43.6 

539.6 ± 

52.1 

131.2 381.5 ± 

45.4 

426.1 ± 

50.1 

44.6 479.3 ± 

51.5 

554.8 ± 

53.5 

75.5 

Hair 

density 

on 1 cm2 

∆(%)   32%   12%   16% 

 p-value   0.00004   0.000067   0.00073 

 Abs. 51.8 ± 

6.3 

36.5 ± 

7.4 

−15.3 49.6 ± 

7.3 

41.0 ± 

7.7 

−8.6 34.4 ± 

5.3 

35.2 ± 

6 

0.8 

Share of 

vellus 

hair, % 

∆(%)   −30%   −17%   2% 

 p-value   0.00082   0.002225   0.7647 

Average Abs. 38.8 ± 

4.2 

48.8 ± 

5.1 

10.0 39.8 ± 

3.5 

44.4 ± 

4.5 

4.6 39.3 ± 

1.9 

40 ± 

2.9 

0.7 

diameter of 

all 

∆(%)   26%   12%   2% 

hair, µm p-value   0.00004   0.001947   0.338 

 Abs. 50.4 ± 

7.3 

30.7 ± 

7.4 

−19.7 42.0 ± 

6.4 

35.3 ± 

7.0 

−6.8 42.8 ± 

6.7 

44.9 ± 

6.9 

2.1 

Share of 

telogen 

hair, % 

∆(%)   −39%   −16%   5% 

 p-value   0.00008   0.02836   0.338 

 

The comparative analysis of treatment 

effectiveness between observation groups 1 (PRP) and 2 

(PRP + Minoxidil) revealed significant differences in 

key indicators of hair growth. Group 2 demonstrated 

superior outcomes with a notable increase in hair density 

(131.2 hairs per square centimeter) compared to Group 1 

(44.6 hairs per square centimeter), with a highly 

significant p-value of 0.0001. Additionally, Group 2 

exhibited a greater reduction in vellus hair (15.3% 

decrease) compared to Group 1 (8.6% decrease), though 

this difference was not statistically significant (p = 

0.0715). The average diameter of all hair increased 

significantly more in Group 2 (10.0 micrometers) than in 

Group 1 (4.6 micrometers), with a p-value of 0.0071. 

Moreover, Group 2 showed a substantial decrease in 

telogen hair (19.7% reduction), significantly more than 

Group 1 (6.8% reduction), with a p-value of 0.0025. 

 

Table 2: Comparison of the effectiveness of treatment in observation groups 1 and 2 

Change in Variable (Abs.) Monitoring Groups Comparative Evaluation of Efficacy 

in Groups 1 and 2 1 (PRP) 2 (PRP + Minoxidil) 

Hair density on 1 cm2 44.6 131.2 0.0001 

Share of vellus hair, % −8.6 −15.3 0.0715 

Average diameter of all hair, µm 4.6 10.0 0.0071 

Share of telogen hair, % −6.8 −19.7 0.0025 

 

Group 2 showed significantly higher 

improvements in hair density (131.2 vs. 75.5 hairs/cm², 

p = 0.0347), a notable reduction in vellus hair (−15.3% 

vs. +0.8%, p = 0.0009), a substantial increase in average 

hair diameter (10.0 vs. 0.7 µm, p = 0.00001), and a 

significant decrease in telogen hair (−19.7% vs. +2.1%, 

p = 0.00003) compared to Group 3. These results 

underscore the added benefit of PRP alongside 

minoxidil, highlighting its efficacy in enhancing hair 

growth metrics and supporting its role as a superior 

treatment option for androgenetic alopecia compared to 

minoxidil alone. 
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Table 3: Comparison of the effectiveness of treatment in observation groups 2 and 3 

Change in Variable (Abs.) Monitoring Groups Comparative Evaluation of Efficacy in 

Groups 1 and 2 1 (PRP) 2 (PRP + Minoxidil) 

Hair density on 1 cm2 131.2 75.5 p = 0.0347 

Share of vellus hair, % −15.3 0.8 p = 0.0009 

Average diameter of all hair, µm 10.0 0.7 p = 0.00001 

Share of telogen hair, % −19.7 2.1 p = 0.00003 

 

The results for hair density on 1 cm² ranged 

from a minimum decrease of 57% to a maximum 

increase of 127%, with quartiles showing median 

improvement at 20% and substantial variation between 

5% and 44%. Average diameter of all hair ranged from a 

decrease of 46 µm to an increase of 177 µm, with 

quartiles demonstrating median growth at 13 µm, 

ranging from a decrease of 3 µm to an increase of 28 µm. 

 

Table 4: Dynamics of hair growth indicators after treatment by quartiles of growth distribution 

Variable Minimum Value (%) Q1 %) Median (%) Q3 (%) Maximum Value (%) 

Hair density on 1 cm2 −57 5 20 44 127 

Average diameter of all hair, µm −46 −3 13 28 177 

Share of vellus hair, % 230 15 −19 −41 −74 

Share of telogen hair, % 960 14 −17 −48 −90 

 

Group 2 (PRP + Minoxidil) showed the highest 

effectiveness, with 14 cases (64%) categorized as highly 

efficient and 8 cases (36%) demonstrating a positive 

clinical effect. Group 1 (PRP) had 9 cases (36%) rated as 

highly efficient and 7 cases (28%) showing a positive 

effect. Group 3 (Minoxidil) had 13 cases (59%) with a 

positive clinical effect but did not achieve high efficiency 

in any cases. Overall, the combined therapy (Group 2) 

showed the most favorable outcomes, underscoring its 

efficacy in treating androgenetic alopecia compared to 

PRP or minoxidil alone. 

 

Table 5: Assessment of clinical efficacy 

 1 (PRP) 2 (PRP + Minoxidil) 3 (Minoxidil) Total 

Effectiveness Abs. % Abs. % Abs. %  

Highly efficient 9 36 14 64 0 0 23 

Positive clinical effect 7 28 8 36 13 59 28 

Lack of clinical effect 9 36 0 0 9 41 18 

 

DISCUSSION 
PRP therapy is a simple, cost-effective, and 

feasible treatment for hair loss, serving as an alternative 

for AGA. Our study demonstrated significant 

improvements in patients receiving PRP injections, with 

hair density and average diameter increasing by 12%, 

vellus hair decreasing by 17%, and telogen hair by 16%, 

aligning with global literature on PRP efficacy. Among 

47 patients treated with PRP, only 4 (8.5%) reported 

injection site pain, which did not necessitate stopping 

treatment. No other side effects were noted. 

 

In the control group treated with 5% minoxidil 

solution, hair density increased by 16%. Comparative 

analysis showed no significant difference between the 

PRP and minoxidil groups regarding hair density (12% 

and 16%, respectively). However, PRP outperformed 

minoxidil in other hair growth indicators: average hair 

diameter was 6.3 times greater, vellus hair share was 11.8 

times lower, and telogen hair share was 3.1 times lower. 

The superior results of PRP might be due to the short 

average follow-up, suggesting that longer studies are 

needed for conclusive results. Minoxidil's effectiveness 

is better evaluated over 6–12 months. Our data also 

indicate that PRP has a delayed effect, improving hair 

growth dynamics over 8–12 months. 

 

One study found greater telogen reduction with 

PRGF compared to topical minoxidil for AGA treatment. 

Recently, another study also noted PRP therapy's 

superiority over minoxidil, suggesting it as a valuable 

alternative for AGA [17]. The combined use of PRP and 

minoxidil was notably effective, as shown other study, 

demonstrating enhanced clinical effects compared to 

monotherapy with minoxidil or finasteride [18]. Other 

study found higher patient satisfaction with the 

combination of minoxidil, PRP, and dermoroller 

compared to minoxidil alone, assessed after 6 months 

[19]. 

 

Our study confirmed the high clinical efficacy 

of combined therapy, surpassing PRP monotherapy and 

minoxidil in hair density by 1.74 times, hair shaft 

thickness by 14.3 times, telogen hair share by 9.3 times, 

and vellus hair share by 19.1 times. The combination 

therapy exceeded PRP monotherapy in hair density by 

2.9 times, hair shaft diameter by 2.2 times, and telogen 

hair share by 2.9 times, although the difference in vellus 
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hair share (1.8 times) was not statistically significant (p 

= 0.0715). 

 

Minoxidil does not affect testosterone levels or 

androgen sensitivity in hair follicles but prolongs the 

anagen phase and enhances dermal papilla cell 

proliferation. PRP and minoxidil together potentiate each 

other's actions, promoting hair growth. In 2014, PRP 

proved effective for AGA patients resistant to minoxidil 

and finasteride. Minoxidil's active metabolite, minoxidil 

sulfate, stimulates hair growth, with resistance linked to 

low sulfotransferase activity. Platelets exhibit minoxidil 

sulfotransferase activity, suggesting a potential link to 

PRP's efficacy combined with minoxidil. 

 

CONCLUSION 
The enhancement of β-catenin, Ki67, and CD34 

protein expression following PRP therapy signifies 

processes that positively influence hair morphology. 

PRP's impact on cell proliferation, apoptosis, and 

prolongation of the anagen phase of the hair follicle cycle 

is reflected in morphological changes such as reduced 

telogen and vellus hair, increased hair count, and thicker 

average hair diameter. Our clinical and 

immunohistochemical findings align with previous in 

vitro studies on PRP's molecular and biological effects 

on hair follicles. 

 

Comparative assessment of treatment outcomes 

between minoxidil monotherapy and PRP monotherapy 

showed no differences solely in hair density. However, 

PRP demonstrated significantly superior efficacy in 

other metrics (p ≤ 0.0243), underscoring its promise as 

an AGA treatment. The benefits of combined therapy 

exceeded those of PRP alone and minoxidil, making it a 

viable option for patients with AGA up to Norwood–

Hamilton scale stage 5. 

 

REFERENCE 
1. Betsi, E. E., Germain, E., Kalbermatten, D. F., 

Tremp, M., & Emmenegger, V. (2013). Platelet-rich 

plasma injection is effective and safe for the 

treatment of alopecia. European journal of plastic 

surgery, 36, 407-412. 

2. Cervelli, V., Garcovich, S., Bielli, A., Cervelli, G., 

Curcio, B. C., Scioli, M. G., ... & Gentile, P. (2014). 

The effect of autologous activated platelet rich 

plasma (AA‐PRP) injection on pattern hair loss: 

clinical and histomorphometric evaluation. BioMed 

research international, 2014(1), 760709. 

3. Gkini, M. A., Kouskoukis, A. E., Tripsianis, G., 

Rigopoulos, D., & Kouskoukis, K. (2014). Study of 

platelet-rich plasma injections in the treatment of 

androgenetic alopecia through an one-year 

period. Journal of cutaneous and aesthetic 

surgery, 7(4), 213-219. 

4. Khatu, S. S., More, Y. E., Gokhale, N. R., Chavhan, 

D. C., & Bendsure, N. (2014). Platelet-rich plasma 

in androgenic alopecia: myth or an effective 

tool. Journal of cutaneous and aesthetic 

surgery, 7(2), 107-110. 

5. Park, K. Y., Kim, H. K., Kim, B. J., & Kim, M. N. 

(2012). Platelet-rich plasma for treating male pattern 

baldness. Dermatologic Surgery, 38(12), 2042-

2044. 

6. Sclafani, A. P. (2014). Platelet-rich fibrin matrix 

(PRFM) for androgenetic alopecia. Facial Plastic 

Surgery, 30(02), 219-224. 

7. Alves, R., & Grimalt, R. (2018). Platelet-rich plasma 

in combination with 5% minoxidil topical solution 

and 1 mg oral finasteride for the treatment of 

androgenetic alopecia: a randomized placebo-

controlled, double-blind, half-head 

study. Dermatologic Surgery, 44(1), 126-130. 

8. Kwack, M. H., Kim, M. K., Kim, J. C., & Sung, Y. 

K. (2012). Dickkopf 1 promotes regression of hair 

follicles. Journal of Investigative 

Dermatology, 132(6), 1554-1560. 

9. Li, Z. J., Choi, H. I., Choi, D. K., Sohn, K. C., Im, 

M., Seo, Y. J., ... & Lee, Y. (2012). Autologous 

platelet-rich plasma: a potential therapeutic tool for 

promoting hair growth. Dermatologic Surgery, 38(7 

pt1), 1040-1046. 

10. Sohn, K. C., Shi, G., Jang, S., Choi, D. K., Lee, Y., 

Yoon, T. J., ... & Kim, C. D. (2009). Pitx2, a β-

catenin-regulated transcription factor, regulates the 

differentiation of outer root sheath cells cultured in 

vitro. Journal of dermatological science, 54(1), 6-

11. 

11. Gentile, P., Cole, J. P., Cole, M. A., Garcovich, S., 

Bielli, A., Scioli, M. G., ... & Cervelli, V. (2017). 

Evaluation of not-activated and activated PRP in 

hair loss treatment: role of growth factor and 

cytokine concentrations obtained by different 

collection systems. International Journal of 

Molecular Sciences, 18(2), 408. 

12. Sidney, L. E., Branch, M. J., Dunphy, S. E., Dua, H. 

S., & Hopkinson, A. (2014). Concise review: 

evidence for CD34 as a common marker for diverse 

progenitors. Stem cells, 32(6), 1380-1389. 

13. Kanti, V., Messenger, A., Dobos, G., Reygagne, P., 

Finner, A., Blumeyer, A., ... & Blume‐Peytavi, U. 

(2018). Evidence‐based (S3) guideline for the 

treatment of androgenetic alopecia in women and in 

men–short version. Journal of the European 

Academy of Dermatology and Venereology, 32(1), 

11-22. 

14. Navarro, M. R., Asín, M., Martínez, M. A., 

Martínez, A. M., Molina, C., Moscoso, L., ... & 

Anitua, E. (2016). Management of androgenetic 

alopecia: a comparative clinical study between 

plasma rich in growth factors and topical 

minoxidil. European Journal of Plastic Surgery, 39, 

173-180. 

15. Verma, K., Tegta, G. R., Verma, G., Gupta, M., 

Negi, A., & Sharma, R. (2019). A study to compare 

the efficacy of platelet-rich plasma and minoxidil 

therapy for the treatment of androgenetic 



 

 
Maruna Yesmeen & Farhana Haque; Sch J App Med Sci, Aug, 2024; 12(8): 1086-1091 

© 2024 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India  1091 
 

 

 

alopecia. International journal of trichology, 11(2), 

68-79. 

16. Shah, K. B., Shah, A. N., Solanki, R. B., & Raval, 

R. C. (2017). A comparative study of microneedling 

with platelet-rich plasma plus topical minoxidil 

(5%) and topical minoxidil (5%) alone in 

androgenetic alopecia. International journal of 

trichology, 9(1), 14-18. 

17. Li, W., Enomoto, M., Ukegawa, M., Hirai, T., 

Sotome, S., Wakabayashi, Y., ... & Okawa, A. 

(2012). Subcutaneous injections of platelet-rich 

plasma into skin flaps modulate proangiogenic gene 

expression and improve survival rates. Plastic and 

reconstructive surgery, 129(4), 858-866. 

18. Semalty, M., Semalty, A., Joshi, G. P., & Rawat, M. 

S. M. (2011). Hair growth and rejuvenation: an 

overview. Journal of dermatological 

treatment, 22(3), 123-132. 

19. Johnson, G. A., & Baker, C. A. (1987). Sulfation of 

minoxidil by human platelet 

sulfotransferase. Clinica chimica acta, 169(2-3), 

217-227. 

 


