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Abstract: Pattern hair loss can occur in both men and women, and the underlying molecular mech-

anisms have been continuously studied in recent years. Male androgenetic alopecia (M-AGA), also 

termed male pattern hair loss, is the most common type of hair loss in men. M-AGA is considered 

an androgen-dependent trait with a background of genetic predisposition. The interplay between 

genetic and non-genetic factors leads to the phenotype of follicular miniaturization. Although this 

similar pattern of phenotypic miniaturization can also be found in female pattern hair loss (FPHL), 

the corresponding genetic factors in M-AGA do not account for the phenotype in FPHL, indicating 

that there are different genes contributing to FPHL. Therefore, the role of genetic factors in FPHL is 

still uncertain. Understanding the genetic mechanism that causes FPHL is crucial for the future de-

velopment of personalized treatment strategies. This review aims to highlight the differences in the 

ethnic prevalence and genetic background of FPHL, as well as the current genetic research progress 

in nutrition, Wnt signaling, and sex hormones related to FPHL. 
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1. Introduction 

Female pattern hair loss (FPHL) is commonly seen in women. Although in most cases 

it is a non-scarring, non-inflammatory condition, loss of hair density often leads to disfig-

urement, afflicting most patients. The disease is clinically characterized by gradual loss of 

hair in the central and forehead regions of the scalp, but preservation of the forehead hair-

line. (Figure 1) This pattern differs from that seen in male androgenetic alopecia (M-AGA), 

which is often characterized by a receding frontal hairline, followed by baldness and pos-

sibly central hair loss. Although the appearance may be different, the final follicular 

changes in both disorders are similar, such as perifollicular microinflammation, increased 

number of atrophic follicles, reduced sebaceous gland volume, and reduced anagen-to-

telogen ratio [1,2]. Given that these two diseases eventually lead to typical follicular min-

iaturization and hair loss, it has long been believed that the pathogenesis of female pattern 

hair loss should be similar to that of M-AGA. It has been recognized that M-AGA is due 

to a genetically determined androgen-dependent trait; however, the exact genetic cause 

of FPHL remains unclear, and the direct relationship between androgens and FPHL is yet 
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to be elucidated. So far, accumulating studies have suggested that the pathogenesis of 

these two diseases is not identical. 

 

Figure 1. Hair manifestations in women with FPHL. 

In clinical practice, several classification systems are used to grade the severity of 

FPHL. Three commonly used grading methods are the Ludwig classification, Olsen clas-

sification, and Sinclair classification (Figure 2). First proposed in 1977, the Ludwig classi-

fication is a widely recognized system that divides FPHL into three grades, focusing on 

the central portion of the scalp and the frontal hairline. It provides an intuitive method to 

assess the severity of hair thinning and helps determine appropriate treatment strategies 

[3]. Olsen’s classification is based on the density of the hair and the visibility of the scalp. 

It takes into account preservation of the anterior hairline, vertex involvement, and general 

degree of hair loss, with emphasis on forehead protrusion [4]. Sinclair’s classification eval-

uates hair thinning along the midline and further ranks the severity of hair loss into five 

grades [5]. Compared with previous methods, this grading system provides a finer classi-

fication, making it potentially suitable for the early detection of FPHL. These grading sys-

tems, including those of Ludwig, Olsen, and Sinclair, are valuable tools for healthcare 

professionals to assess and classify the severity of FPHL. Using these grading methods, 

individualized treatment plans can be formulated and the progress of the disease can be 

monitored effectively. 

Ludwig’s classification 
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Olsen’s classification 

 

Sinclair’s classification 

 

Figure 2. Three well-recognized classification systems of FPHL. 

FPHL is not only a common hair problem, it also profoundly impacts patients’ psy-

chological and social well-being [6]. FPHL could cause severe psychological stress, lead-

ing to depression, anxiety, and damaged self-esteem, which may further affect patients’ 

interpersonal relationships, work, and quality of life [7]. A previous study indicated that 

FPHL could negatively impact patients’ functioning, emotions, self-confidence, and stig-

matization, and some patients may even endure psychological disturbance, such as dys-

morphophobia or affective disorder [8]. The article presents several strategies of interven-

tions, such as adopting positive behaviors and attitudes to reduce the negative impact of 

hair loss. Nonetheless, some patients may experience maladaptive responses, including 

aimless rumination and anger towards others, which may deteriorate their personal lives, 

such as marital relationships. Consequently, hair loss and the associated maladaptive re-

sponses have a significant impact on the patients. Therefore, understanding FPHL helps 

in clinical treatment and effectively improves patients’ quality of life. In this review, we 

describe the epidemiology and etiology of FPHL, focusing on the currently known genetic 

findings. 

2. Epidemiology 

In 2022, Chaikittisilpa S et al. reported a prevalence of FPHL in 52.2% of 178 post-

menopausal women, with a mean age and postmenopausal duration of 58 years and 9 

years, respectively [9]. FPHL is a common hair loss disorder, but studies on its prevalence 

often result in inconsistent conclusions, possibly due to a lack of widely accepted diag-

nostic criteria to define the disease. Although the incidence rate varies by country, it in-

creases with age, of note, with 55% of women over the age of 70 experiencing significant 

pattern hair loss [1]. Severe disease progression occurs during adolescence in a small num-

ber of patients. Typically, FPHL reaches a first peak during the reproductive years and a 
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second peak after menopause [1]. Based on this observation, it is believed that FPHL is 

closely related to hormone changes. 

Interestingly, the prevalence of FPHL also varies by place of residence and ethnicity. 

For example, a prevalence analysis of a student population found that the overall preva-

lence of FPHL among junior high school girls is 28.6%, which is significantly higher in 

rural areas than in urban areas, and is significantly associated with family history [10]. 

Although FPHL can occur in all races, the prevalence of Caucasian women was reported 

to be higher than that of Chinese and Korean women [1] (Table 1). 

Table 1. Prevalence of FPHL by age group according to epidemiological studies of different races. 

Highly Admixed Population 

Study Region Age Groups 

 20–29 * 30–39 * 40–49 * 50–59 * 60–69 * >70 * 

2022, Tsutsui Brazil 9 22 50 69 - - 

Caucasian 

Study Region Age groups 

 20–29 * 30–39 * 40–49 * 50–59 * 60–69 * >70 * 

2005, Gan Australia 12 17 25 28 41 54 

2001, Norwood USA 3 17 16 23 25 29 

2001, Birch England 3 10 5 14 33 38 

Asian 

Study Region Age groups 

 20–29 * 30–39 * 40–49 * 50–59 * 60–69 * >70 * 

2012, Su Taiwan - 6 10 12 13 15 

2010, Wang China 1 2 5 8 11 12 

2008, Xu China (Shanghai) - - 1 2 3 15 

2001, Paik South Korea - 2 4 7 12 35 

* Approximate prevalence of patients with FPHL in each age group. 

3. Etiology and Pathogenesis 

The pathophysiology of FPHL has not been fully elucidated. Evidence suggests it 

may involve genetics, sex steroid hormones, and environmental factors [11]. The final 

pathological manifestations of M-AGA and FPHL are similar, both of which are follicle 

miniaturization, characterized by an increase in the proportion of vellus hairs and a de-

crease in the ratio of terminals to vellus. Along this process, a reduction in the size of the 

sebaceous glands, an increase in the number of microfollicles, and a decrease in the 

anagen-to-telogen ratio can easily be observed [1,12]. Histopathological features of FPHL 

include miniaturization of hair follicles, reduced follicle density, and increased fibrous 

tissue surrounding the follicles (Figure 3). Miniaturization describes the process by which 

normal terminal hairs (T) become sparse vellus hairs (V). A normal unaffected scalp typi-

cally has a T/V ratio of approximately 4/1 to 7/1 [13]. In PHL of both genders, however, 

the number of vellus (V) and intermediate hair follicles is increased, and the ratio of ter-

minal (T) to vellus (V) hairs is usually less than 2/1 [14]. The affected follicles undergo a 

shorter growth phase (anagen) and an extended resting phase (telogen). Additionally, in-

flammation and perifollicular lymphocytic infiltrates may be observed. These pathologi-

cal changes lead to progressive hair thinning and loss in a pattern typically localized to 

the central scalp. The exact cause of this degeneration is unknown; however, arrector pili 

muscle degeneration, inflammation, and other mechanisms have been proposed. 
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Figure 3. Histological findings in pattern hair loss (M-AGA and FPHL). (A) Follicles miniaturization 

with increased vellus (V) hair follicles versus terminal hair (T) (T/V ratio = 5/3) × 20. (B) Diffuse 

miniaturization with increased vellus (V) hair follicles. (T/V ratio = 9/7). Increased fibrous tissue 

surrounding the follicles was seen. ×10. (C) Note variation in hair follicle size × 40. An increased 

vellus hair to terminal hair of the affected area is diagnostic of pattern hair loss (M-AGA and FPHL). 

The normal values of the T:V ratio on the non-alopecia scalp are approximately 2/1 to 7/1 [14]. 

In a recent study investigating the correlation between inflammation and hair loss, 

Nadia Peyravian et al. [15] identified a role for inflammation in the pathogenesis of hair 

loss in men and women, with supportive evidence of clinical, histological, and sequencing 

findings. Perifollicular inflammatory cell infiltration was demonstrated in biopsy speci-

mens from patients with M-AGA and FPHL. Significant infiltration of CD4+ T cells into 

hair follicles was also shown to be responsible for hair cycle changes, leading to M-AGA 

and FPHL alopecia [15]. Taken together, these results demonstrate that inflammation is a 

crucial element of the pathophysiology of M-AGA and FPHL, reinforcing the need to ad-

dress inflammation in future therapeutic development. 

4. Genetics of FPHL 

4.1. Mode of Inheritance and Genome-Wide Association Studies (GWAS) 

M-AGA is considered a heritable disease [16]. A study of 572 men by MP Birch et al. 

showed that men with bald fathers were five times more likely to develop M-AGA than 

men with non-bald fathers [17]. In a case–control study conducted by Jungyoon Ohn et al. 
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in 2022, the proportion of individuals with a positive family history of pattern hair loss is 

higher in patients with early onset female pattern hair loss compared to those without the 

disease, with rates of 71.4% versus 51.0% (p = 0.004), respectively. Furthermore, a higher 

correlation of maternal family history was found in patients with early onset FPHL com-

pared to unaffected women, with rates of 33.3% versus 9.1% (p < 0.001), respectively [18]. 

Although the contribution of the paternal side of family history was more frequently im-

plicated in previous studies, it was not significantly relevant in those studies. Although 

female hair loss is mainly determined by genetic factors, the detailed regulation of the 

genetic factors remains to be studied. 

Genome-wide association studies (GWAS) are a method for identifying genomic var-

iants that are statistically associated with disease risk or specific traits. Genome-wide link-

age or association studies of FPHL have not been evaluated and reported in detail, and 

current studies mainly focus on M-AGA susceptibility loci and genes of sex steroid-related 

hormone pathways. 

4.2. Correlation between Nutrition and FPHL 

Despite the fact that data supporting the relationship between hair follicle turnover 

and nutritional deficiencies in FPHL patients are still lacking, many aspects of FPHL treat-

ment are related to nutritional supplementation. A recent study by Piccini [19] clarified 

that affected intermediate/miniaturized hair follicles in FPHL display relative nutritional 

deficiency and dormant metabolism, but the function of absorbing nutrients is not im-

paired, thus suggesting the potential of nutritional supplementation as an adjunctive ther-

apy for FPHL. 

The effects of vitamin D on FPHL are still controversial. Vitamin D receptors (VDR) 

are known to be expressed in follicular keratinocytes and dermal papilla cells and play a 

role in hair growth regulation. Marwa M T Fawzi et al. [20] demonstrated a crucial role of 

VDR in the pathogenesis of alopecia areata and AGA by reporting lower serum and tissue 

VDR levels in alopecia areata and AGA patients compared to the control group. Recently, 

Iman Seleit et al. [21] conducted a case–control study identifying VDR gene types on 30 

FPHL patients with 30 age-matched healthy female subjects as the control group and 

found that Taq-1 and Cdx-1 from VDR genes could be considered risk factors for FPHL. 

The genotypes of CC, TC, and T alleles of Taq-1 are associated with FPHL patients, and 

the CC genotype increases the risk of disease by 12.6 times. The genotypes of AA, GA, and 

G allele are also associated with FPHL, and the AA genotype increases the risk of disease 

by 7.5 times. On the other hand, Banihashemi et al. [22] proposed that the concentration 

of vitamin D3 in the blood is related to the incidence of FPHL, and the vitamin D3 levels 

were significantly lower in serum samples with FPHL. There is still a lack of relevant re-

search on whether vitamin D supplementation could promote hair growth in FPHL pa-

tients with vitamin D deficiency. 

Nutrient deficiencies associated with FPHL have been increasingly implicated in re-

cent studies, in which the nutritional/metabolite profile of hair follicles may vary from one 

patient to another, likely due to differences in dietary, hormones, and genetic background. 

A low abundance of TCA cycle products, including citric, malic acid and lactate, from 

aerobic glycolysis were found in occipital or parietal intermediate hair follicles in some 

patients, whereas L-glutamine was increased in other patients [19]. These findings show 

that FPHL women may differ in the metabolism of nutrients compared with women with-

out the disease, but whether this result can be confirmed through genetic correlation stud-

ies remains to be seen. At present, studies on the genetic aspects of VDR-associated FPHL 

are still relatively limited, while the impact of other nutrients on FPHL may deserve fur-

ther investigation. 
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4.3. Polycystic Ovary Syndrome (PCOS) with FPHL 

PCOS is a common cause of infertility in women of reproductive age, and FPHL is 

known to be associated with hyperandrogenism, especially in PCOS patients [23]. The 

HSD3B1 gene encodes the 3β-hydroxysteroid dehydrogenase-1 (3βHSD1) enzyme, which 

catalyzes the conversion of adrenal androgen precursors to the most potent androgen, 

dihydrotestosterone. Genetic variants of HSD3B1 1245C are known to result in increased 

androgen expression in peripheral tissues. This finding is supported by a genetic study 

from Taiwan, in which, among 472 recruited PCOS patients, those who had the HSD3B1 

1245C allele were more likely to develop FPHL [24]. PCOS patients with FPHL are not 

only physically afflicted but suffer profound social and psychological difficulties. How-

ever, the exact pathogenic mechanism remains to be studied. It is hopeful that advanced 

studies on the genetic aspects should facilitate treatment, early screening, and diagnosis 

of PCOS with FPHL in the future. 

4.4. Dickkopf WNT Signaling Pathway Inhibitor 1 

DKK-1 (Dickkopf WNT signaling pathway inhibitor 1) gene encodes a member of the 

Dickkopf family of proteins. When mutated or overexpressed, WNT is a proto-oncopro-

tein that can promote cell proliferation and transformation. A study in 2019 revealed that 

the expression of DKK-1 was significantly increased in patients with AGA and alopecia 

areata (AA), suggesting that DKK-1 plays a certain role in these hair-related diseases [25]. 

Kwack et al. conducted a series of studies on the expression of Dickkopf 1 (DKK-1) 

induced by Ectodysplasin-A2 (EDA-A2). They used siRNA transfection and DKK-1 

ELISA, among other methods, and found that DKK-1 expression was increased in the hu-

man balding dermal papilla cells treated with EDA-A2, eventually leading to apoptosis [26]. 

Furthermore, R-spondin 1 (RSPO1), a secreted Wnt signaling agonist that possesses 

an antagonizing effect against DKK-1, was found to be beneficial to hair condition. A re-

cent study reported that a conditioner containing 2% watercress extract (WCE) improved 

hair loss symptoms by increasing hair thickness and density through its ability to inhibit 

DKK-1 secretion and antagonize DKK-1 through RSPO1 [27]. 

At present, most studies on DKK-1 focus on patients with AGA and AA, but there is 

increasing evidence that DKK1 influences hair follicle growth. Thus, more in-depth stud-

ies on the involvement of DKK1-related pathways in FPHL should shed more light on the 

pathogenesis of the disease. 

4.5. Prediction of Dermal Sheath Cup Cell Therapy 

The dermal sheath cup (DSC), a tissue located at the base of the dermal sheath (DS), 

has been shown to contribute to hair follicle regeneration [28]. 

Hair follicle shrinkage is well established in the mechanism of hair loss in both men 

and women, and DSC cells may play a role in treating both diseases. Based on these ob-

servations, Tsuboi et al. conducted a clinical study of autologous cell-based therapy, 

demonstrating that transplantation of DSC cells contributed to increased hair density and 

hair diameter [29]. 

However, the outcome of DSC cell transplantation varies among patients, prompting 

Yoshida et al. [28] to screen for changes in gene expression in DSC cells associated with 

the treatment outcome. They found that negative treatment response to DSC cells can be 

predicted by detecting markers such as CALD1, ACTA2, and two smooth muscle cell 

markers MYOCD and SRF. These findings provide potential markers that can help in pre-

clinical assessments of DSC cells. 

4.6. Sex Steroid Hormones Gene Polymorphism 

It is conceivable that sex hormone-related genes are likely involved in regulating 

FPHL. For example, similar miniaturizing of terminal hair in M-AGA is caused by the 

binding of dihydrotestosterone to androgen receptors on susceptible hair follicles, leading 
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to the upregulation of genes accounting for hair loss [30]. It is believed that androgen-

secreting adrenal or ovarian tumors can result in hyperandrogenism. Women with poly-

cystic ovary syndrome and ovarian androgen-secreting tumors may develop early-onset 

FPHL, a common feature of these disorders [23]. However, as reported in 2020, the role of 

androgen in FPHL remains unclear, as some patients with FPHL have normal androgen 

concentrations [31,32]. This result suggests that the pathophysiology of the disease has yet 

to be fully understood. 

In the genetic research of FPHL, some studies evaluated specific SNPs of CYP19A1 

and ESR2 genes, both of which are related to the transformation of sex hormones [33]. 

Previous genetic studies have identified associations between FPHL and the ESR2 and 

CYP19A1 genes. ESR2 encodes estrogen receptor beta, the target receptor for estrogen. 

Variations in this gene may disrupt estrogen signaling and downstream molecular path-

ways, leading to disease progression. A study by L. Yip et al. [34] analyzed 484 FPHL 

patients (Sinclair scale 3–5) and 471 controls (Sinclair scale 0) and found a significant as-

sociation between FPHL and SNPs rs10137185, rs17101774, and rs2022748. However, S. 

Redler et al. found discordant results for rs101371856 in German and British populations 

[35]. CYP19A1 encodes aromatase, an enzyme responsible for converting androgens into 

estrogens. Genetic variants of CYP19A1 may disrupt the balance between estrogen and 

androgen levels, resulting in this disorder L. Yeh et al. A GWAS analysis of FPHL and 

CYP19A1, including 484 Australian FPHL patients (Sinclair grade 3–5) and 471 controls, 

found a significant association between FPHL and the SNP rs4646 CC genotype [36]. Like-

wise, S. Redler et al. analyzed the association between CYP19A1 and FPHL in 145 UK 

patients and 53 German patients. They studied four SNPs (rs4646, rs16964189, rs2470158, 

and rs28757184) but found no significant association between the two groups [37]. A re-

cent study in a Chinese Han population, including 200 FPHL patients and 200 controls, 

revealed significant differences in the allele frequency and distribution of CYP19A1 SNPs 

rs6493497 and rs7176005 associated with FPHL [38]. In 2021, a study in a Polish population 

analyzed the association between 13 CYP19A1 and 11 ESR2 gene SNPs and FPHL. The 

study included 117 FPHL patients and 128 healthy controls, but no significant differences 

were observed [33]. To sum up, previous studies have shown an association between 

FPHL and CYP19A1 and ESR2. However, differences in race and sample size may have 

influenced the findings, and further genetic analysis are needed to confirm their relation-

ship. 

Follicle miniaturization can be affected by dihydrotestosterone (DHT), and testos-

terone (T) can be converted into DHT or β-estradiol (E2) through 5α-reductase (5α-R) and 

aromatase, respectively. Therefore, these two enzymes will determine the concentration 

of DHT and E2, and their ratio will affect hair volume. A study quantifying aromatase and 

5α-R isozyme mRNA levels in the hair plucked from young women with FPHL found 5α-

R3 mRNA in human hair, but the increase of 5α-R isozyme in FPHL patients was incon-

sistent [32]. Such results could explain why patients respond inconsistently to medications 

and also provide new directions for more specific treatments in the future. 

Hormone-related treatments are frequently used in FPHL patients, and E2 supple-

mentation has been shown to increase hair growth in ovariectomized (OVX) mice lacking 

E2 and exhibiting alopecia similar to FPHL [39]; however, the underlying therapeutic 

mechanism has yet to be elucidated. A Japanese study showed that genes related to the 

angiopoietin 2 (ANGPT2) pathway were upregulated in mice given E2, and OVX mice 

treated with ANGPT2 had higher hair density than the control mice. They concluded that 

the reversal of hair loss is modulated by the estradiol-ANGPT2 axis [40]. Although con-

siderable progress has been made in the past few years toward a better understanding of 

hormone-related genes in FPHL, there is still a lack of results with significant correlations. 

In particular, SNP-related studies on the disease-causing, sex hormone metabolism genes 

are often inconsistent with the findings in M-AGA. 
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4.7. Inconsistency of Association with M-AGA Genetics 

The terminal morphology of FPHL is similar to that of M-AGA, which is caused by 

the miniaturization of hair follicles. Thus, it is speculated that the results of genetic anal-

yses of the two diseases may be highly correlated. While current genetic research on male 

hair loss has identified a series of susceptibility genes/loci through GWAS [41,42], whether 

these loci are correlated with female hair loss is still unknown. A study by Liang et al. [43] 

analyzed blood samples of FPHL patients from a Chinese Han population. They studied 

the associations between 22 tag SNPs in M-AGA and 82 FPHL patients via the Sequenom 

iPlex platform. The results showed no significantly associated variants, suggesting that 

the 22 SNPs examined in M-AGA may not be associated with FPHL. The genetic studies 

of associations between candidate loci in M-AGA and FPHL are summarized and pre-

sented in Table 2 [12,34,36,37,43–47]. 

Hair follicle degeneration is common in alopecia disorders. In clinical features of M-

AGA, hair loss can be seen in the frontal and vertex regions, whereas the occipital region 

is usually unaffected. In response to these findings, Liu et al. [48] performed transcriptome 

analysis and in vitro cell experiments on hair follicles from different regions of M-AGA 

patients. They found that differential expression of HIF-1 prolyl hydroxylases (EGLN1, 

EGLN3) and Wnt/β-catenin pathway inhibitors (SERPINF1, SFRP2) was associated with 

the growth of hair follicles. Still, the expression of these association genes in FPHL remains 

unknown. 

Table 2. Review of association analysis for SNPs with M-AGA in FPHL studies [12,34,36,37,43–47]. 

Han Chinese * 

Locus SNP Association with FPHL 

1p36.22 rs12565727 No significant association 

2q35 
rs10193725 

No significant association 
rs7349332 

2q37.3 

rs9752491 

No significant association rs9711321 

rs12613833 

3q25.1 rs4679955 No significant association 

5q33.3 
rs929626 

No significant association 
rs1081073 

7p21.1 

rs2249817 

No significant association 

rs12056282 

rs756853 

rs13230142 

rs17350355 

12p12.1 
rs7975017 

No significant association 
rs9668810 

18q12.3 rs10502861 No significant association 

20p11 

rs6137444 

No significant association 

rs2180439 

rs1998076 

rs6113491 

rs201571 

UK/Germany # 

AR/EDA2R 

rs4827379 

Significant association in a subgroup with an early age of onset 

rs1397631 

rs2497938 

rs962458 

rs6152 

rs7885198 

rs5918801 
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1p36.22 

rs2003046 

No significant association rs12565727 

rs11576658 

2q35 
rs10193725 

No significant association 
rs7349332 

2q37.3 

rs9711321 

No significant association rs11683401 

rs9287638 

3q25.1 
rs7648585 

No significant association 
rs4679955 

5q33.3 
rs929626 

No significant association 
rs1081073 

7p21.1 

rs957958 

No significant association rs2073963 

rs2073964 

7q11.22 

rs6947344 

No significant association rs6945541 

rs4718865 

12p12.1 
rs9668810 

No significant association 
rs7975017 

17q21.31 

rs12373124 

No significant association rs17769552 

rs17650991 

18q21.1 

rs8083006 

No significant association rs10502861 

rs12959797 

20p11 

rs6137444 

No significant association 

rs2180439 

rs1998076 

rs201571 

rs6113491 

CYP19A1 

rs16964189 

No significant association 
rs4646 

rs28757184 

rs2470158 

ESR1 

[44] No significant association 
PGR 

SRD5A1 

SRD5A2 

ESR2 rs10137185 Significant association in the overall German sample 

MC4R [47] No significant association 

Australia $ 

CYP19A1 rs4646 CC genotype is significantly more frequent in some cases 

ESR2 

rs10137185 

Nominal significance rs17101774 

rs2022748 

* reference: [43], # references: [37,44–47], $ references: [34,36]. 

5. Therapies of FPHL 

The treatment of FPHL includes both topical and systemic therapies, and surgical 

intervention can also be considered for more severe cases. Here, we summarize and intro-

duce the currently recognized treatment options for FPHL. 
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5.1. Standard Management 

There are generally several types of options for topical treatment. Minoxidil, a potent 

vasodilator, is commonly used topically for FPHL treatment. It is available in 2% or 5% 

solution and 5% foam formulations in the United States. Although the exact mechanism 

remains unclear, Minoxidil can enhance perifollicular angiogenesis and has been proven 

effective for FPHL through meta-analysis of randomized trials [49]. Prostaglandin (PG) 

analogs have been studied for their potential to promote hair growth. Latanoprost, a PG-

F2 analog, was found to increase hair density and pigmentation in a study of M-AGA [50]. 

Setipiprant (KITH-105) is an oral inhibitor of the PG-D2 receptor (GPR44) that may have 

the potential to promote hair growth [51]. In addition, platelet-rich plasma (PRP) has been 

utilized for the treatment of hair loss related to M-AGA, FPHL, and AA. Systematic re-

views and meta-analyses have indicated that PRP can increase hair thickness and density 

in the treatment of FPHL [52,53]. Furthermore, low-level light therapy (LLLT) is a rela-

tively new treatment option for hair loss. A review by Egger et al. found that LLLT is 

effective for both men and women, with significant improvements in hair density and 

thickness after treatment [54]. LLLT devices have a good safety profile, although the exact 

therapeutic mechanism remains unclear. Current research suggests that LLLT may pro-

mote hair growth by stimulating the electron transport chain in mitochondria, leading to 

increased energy production [31]. 

The following are several options available for systemic treatment. Hormone-related 

treatments are commonly used for male and female androgenetic alopecia. Finasteride, a 

type II 5-alpha reductase inhibitor, is effective for male androgenetic alopecia, but its use 

in female androgenetic alopecia is limited due to potential teratogenic effects. Recent stud-

ies evaluated the role of finasteride in the treatment of FPHL in more detail. The results 

showed that topical finasteride may be used as a new option to reduce adverse systemic 

side effects [55–57]. Whereas dutasteride, a second-generation 5-alpha reductase inhibitor, 

is more effective than finasteride, further studies are needed to determine its safety and 

effectiveness in female androgenetic alopecia [58]. Cyproterone acetate is an anti-andro-

gen still without a consensus on dosage for female androgenetic alopecia. Indeed, there is 

insufficient evidence on whether oral hormone therapy prevents or improves FPHL. Spi-

ronolactone is an off-label use for female androgenetic alopecia and has a good safety 

profile. Clinical studies suggest a daily dose of 100–200 mg, with the best response after 1 

year or more of treatment [59]. On the other hand, oral Minoxidil is not a preferred first-

line treatment for FPHL due to its higher incidence of side effects compared to topical 

Minoxidil. In a randomized clinical trial involving 52 FPHL patients, oral Minoxidil (1 mg 

per day) and Minoxidil 5% solution once a day showed no significant difference in treat-

ment outcomes such as hair density, but side effects were more significant in the oral 

Minoxidil group (27%) than the topical Minoxidil group (4%) [60]. Currently, a low dose 

of 0.25 mg is commonly used for FPHL patients who receive oral Minoxidil [61]. 

Surgical intervention can be considered for patients who are unresponsive to drug 

therapy. Various surgical techniques, including hair transplantation, hair micropigmenta-

tion, mesotherapy with growth factors, microneedling, and bioengineered hair follicle 

stem cells are available. The cost and duration of treatment vary among these techniques, 

and patients should be fully informed of their options before undergoing surgery. 

5.2. Miscellaneous 

There are numerous innovative treatments for FPHL. A review by Kriteeka Saini et 

al. [62] investigated the effect of vitamin D supplementation on hair growth and found 

that vitamin D plays a role in various signaling pathways for hair follicle growth and dif-

ferentiation. Other nutritional supplements, such as biotin, caffeine, melatonin, and zinc, 

have been proposed as potential therapies for hair loss, but the exact therapeutic mecha-

nisms remain unclear [63–66]. While nutritional supplements are often used off-label or 
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as adjuvant therapy in treating FPHL, a large body of evidence is s\ll needed to support 

their efficacy. 

Botanical preparations have gained increasing attention in recent years. Ibrahim et 

al. [67] conducted a randomized comparative trial with 60 FPHL patients using pumpkin 

seed oil or minoxidil 5% foam for three months. Although both groups had similar treat-

ment outcomes, pumpkin seed oil was identified as a new and safe treatment option. Cam-

piche et al. [68] identified the effects of Leontopodium alpinum in regulating hair follicle 

growth, including inhibition of hair loss in vitro and an increase in hair regrowth in vivo. 

Nakamura et al. [69] discovered that water-soluble peptides from egg yolk, also known as 

hair growth peptide (HGP), stimulate the production of vascular endothelial growth fac-

tor (VEGF) and human dermal papilla cell growth by inducing hypoxia-induced factor 

(HIF)-1a-mediated transcriptional pathways and VEGF expression. With the known side 

effects of long-term minoxidil use, alternative hair growth strategies have been evaluated. 

Finally, a study published in 2023 using asymmetric small interfering RNAs (asiRNAs) to 

downregulate androgen receptor (AR) expression and the downstream AGA-associated 

signal has led to the finding that AR gene-targeting cell penetrating asiRNA (cp-asiRNA) 

is effective in FPHL treatment [70]. 

6. Summary of Genetic Data on FPHL, M-AGA, and Other Non-Scarring Alopecia 

From the aforementioned studies, it can be summarized that the clinical manifesta-

tions are different between M-AGA and FPHL, despite the similar pathological mecha-

nisms of the two diseases. In genetic research, while most studies focus on the correlation 

between FPHL and the SNPs of M-AGA, only a few demonstrate a positive correlation. 

Furthermore, there is inconsistency in the expression of the susceptible genes in different 

ethnic groups, indicating the heterogeneity of genetic factors for FPHL in different popu-

lations. For example, although the genetic loci of AR/EDA2R are more related to M-AGA, 

their association with FPHL in various ethnic groups is not significant. These results sug-

gest that the susceptible genetic loci of FPHL are likely to be different from those of M-

AGA. The results of genetic testing for different types of hair loss diseases correspond to 

their unique genes and corresponding loci. In common non-scarring hair loss disorders 

such as pattern alopecia, AA, and chronic TE, different hair loss disorders can be at-

tributed to different genetic etiologies, however, in addition to genetic features, there are 

distinct clinical features and histopathological clues that can help differentiate one from 

the other (Table 3). 

Table 3. Summary table of key points for rapid differential diagnosis of common non-scarring alo-

pecia. 

 Clinical Presentation Histopathological Findings Related Genes 

FPHL 

• Widening of the central part line 

• Preservation of the hairline shape 

• Miniaturization of hair follicles 

• Increased hair shedding (not al-

ways present) 

• Increased number of miniaturized 

hair follicles, a terminal to vellus ra-

tio (T/V ratio) usually less than 2:1 

• Reduced size of sebaceous glands 

• Decreased anagen to telogen ratio 

• Increased number of follicular stelae 

• Perifollicular inflammation around 

the upper portion of the hair follicle 

with or without perifollicular fibrosis 

CYP19A1 

ESR2  

M-AGA 

• Gradual hair thinning in a distinct 

pattern (typically at the temples 

and crown) 

• Miniaturization of hair follicles 

leading to finer, shorter hairs 

• Increased hair shedding, especially 

during washing or brushing 

AR 

MC4R 

EDA2R 

SRD5A1 

SRD5A2 

[2,47] 
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Alopecia areata 

• Patchy hair loss in round or oval-

shaped areas 

• Hair loss can progress to involve 

the entire scalp (alopecia totalis) or 

the entire body (alopecia univer-

salis) 

1. “Swarm of Bees” pattern 

2. Peribulbar lymphocytic inflamma-

tion 

3. Catagen/telogen arrest 

4. Follicular miniaturization 

5. Exclamation mark hairs 

6. Dystrophic anagen hairs 

NOTCH4 

C6orf10  

BTNL2 

HLA-DRA 

HLA-A 

IL-2 

IL2RA 

STX17 

TNXB 

[71,72] 

Chronic Telogen 

effluvium 

• Excessive shedding of telogen (rest-

ing) hairs for more than six months 

• Generalized thinning of hair all 

over the scalp without visible bald 

patches or specific pattern 

• Hair regrowth usually occurs once 

the underlying cause is addressed 

• Increased number of telogen hairs 

• No peribulbar inflammation 

• Preserved follicular structure 

• Absence of miniaturization 

Cdx1 VDR 

Taq1 VDR 

[73] 

In short, genetic research plays a crucial role in the field of medicine, including ge-

netic diagnosis, gene therapy, genetic screening, and drug target development. Further 

investigation of genetics and molecular biology is essential for developing more accurate 

and personalized diagnostic and treatment strategies. Likewise, understanding the ge-

netic specificity of FPHL should facilitate accurate diagnosis and personalized treatment, 

thereby maximizing treatment efficacy and minimizing unnecessary side effects for the 

patients. Moreover, in-depth research on genetic specificity can promote understanding 

of the pathophysiological mechanisms underlying FPHL, paving a new avenue for more 

future relevant studies. 
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