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ABSTRACT

We aimed to determine the efficacy of the various available oral, topical, and procedural treatment
options for hair loss in individuals with androgenic alopecia. Using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines, a systematic review of the National Library of Medicine
was performed. Overall, 141 unique studies met our inclusion criteria. We demonstrate that many over
the counter (e.g. topical minoxidil, supplements, low-level light treatment), prescription (e.g. oral minox-
idil, finasteride, dutasteride), and procedural (e.g. platelet-rich plasma, fractionated lasers, hair transplan-
tation) treatments successfully promote hair growth, highlighting the superiority of a multifaceted and
individualized approach to management.
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Introduction

Hair plays a vital role in self-identity, and hair loss can pro-
foundly impact self-perception and life satisfaction. Patterned
hair loss, or androgenic alopecia (AGA), is the most common
form of hair loss, affecting more than half the adult population
(1). Despite advancements in understanding the hair follicle
and its natural cycle, hair loss remains a complex condition
influenced by various biological, genetic, hormonal, chemical,
and environmental factors (Figure 1).

Normal hair cycling

Normal hair cycling is guided by distinct populations of
mesenchymal stem cells, including hair follicle stem cells
(HFSCs) and dermal papilla cells (DPCs). During the anagen
phase, interactions between these stem cells give rise to pro-
genitor cells responsible for producing the hair shaft. During
catagen, the hair shaft cells undergo apoptosis, while the sur-
rounding stem cells form a new hair bulge. The stem cells then
recover during the telogen phase, preparing for another hair
cycle (2-4).

Any disruption to the normal hair cycle can result in hair
loss. For instance, the dense inflammatory infiltrate asso-
ciated with disease states, such as discoid lupus erythemato-
sus and lichen planopilaris, destroys HESCs, resulting in
a permanent alopecia (i.e. scarring alopecia). However, in

disease states such as AGA, there is reduction in progenitor
cells but HFSCs remain viable (5). Consequently, many
believe that the reactivation of HFSCs could regenerate
hair in balding scalps. This is an area of active research
and has inspired several existing hair growth treatments.

Genetic influence

Population studies have reported a polygenic inheritance pat-
tern of hair loss, with both maternal and paternal genetic influ-
ences. Of the genes identified to date, the androgen receptor
(AR) gene on chromosome X represents a major determinant of
hair loss (i.e. AGA) in both men and women (6). Specifically, the
CAG repeat length within the AR gene influences the sensitivity
of the androgen receptor to dihydrotestosterone (DHT),
a hormonal derivative of testosterone. Individuals with shorter
CAG repeat sequences have an increased risk of developing
AGA. In contrast, men with > 40 repeats appear to be protected
and have androgen insensitivity. Other implicated genes include
Ectodysplasin A2 Receptor, as well as genes located on chromo-
somes 20p11 and 3q26; however, how these variants affect hair
loss merits further investigation (4).

Hormonal influence

The role of testosterone in the pathogenesis of both male
and female balding is well known and underscores the
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Figure 1. Factors involved in regulating the hair cycle.

prevalent use of 5-alpha reductase inhibitors. The history of
this class of medications is unique and emerged from
a remote village in the Dominican Republic called Las
Salinas. In this village, a small group of children born
with ambiguous genitalia were initially raised as female,
but then developed male characteristics during puberty.
Following these young men into adulthood revealed that
they had no enlargement of their prostate, acne, or pat-
terned hair loss. Endocrinologists identified a deficiency of
5-alpha reductase, an enzyme responsible for converting
testosterone to DHT, within this population, ultimately
resulting in the development of Proscar (i.e. finasteride)
by Merck Pharmaceuticals (7).

Additional research into the role of testosterone on hair loss
has shown that type I and II isoforms of 5-alpha reductase reside
at the level of the hair follicle, resulting in the accumulation of
DHT. DHT then binds to the androgen receptors and activates
the production of proteins harmful to the follicle, leading to
disruption of the normal hair growth cycle. Specifically, anagen
phase is shortened, resulting in premature regression during
catagen and telogen phases. With each hair cycle, the anagen
phase further shortens, leading to progressive miniaturization of
hair and, eventually, hair loss. Many over the counter (OTC)
and prescription treatments, both oral and topical, inhibit these
hormonal processes, with the intent of preventing hair loss.

Chemical factors

The relationship between specific chemical factors and hair
growth regulation is an active area of research. Many have
investigated the role of oxygen levels, reactive oxygen species,
and ischemia on the hair cycle, hair growth, and hair loss.
Studies have shown that hyper-oxygen states increase hair

growth in cultured human and murine hair follicles (8). In
addition, investigators examined the effects of high oxygen
states following hair transplantation procedures, demonstrat-
ing lower rates of postoperative shedding, itching, and follicu-
litis among post-transplant patients exposed to hyperbaric
oxygen therapy (9,10). Conversely, studies have demonstrated
that ischemia can elicit states of alopecia. For instance, studies
have found that the transcutaneous partial pressures of oxygen
were much lower in bald versus hair-bearing scalps, suggesting
a relative microvascular insufficiency of scalps experiencing
male pattern baldness (11). Similarly, regenerated hairs in
ischemic flaps experienced a slower rate of hair growth, thin-
ner hair shafts, and decreased hair density (8).

Reactive oxygen species have also been implicated in dys-
regulating the hair cycle. Since lipid oxidation products are
widely accepted as a biomarker of oxidative stress, their impact
on the hair follicle has been studied. Murine models have
demonstrated that lipid peroxides can induce apoptosis of
the hair follicle, thereby inducing early catagen phase (12).
Furthermore, one study revealed that the dermal papilla cells
of balding scalps were less able to handle oxidative stress
compared to dermal papilla cells of healthy scalps (13).

Studies have also demonstrated that several other chemical
microprocesses can cause hair loss. Gene expression assays
have shown that increased expression of prostaglandin D2
synthetase, an enzyme that converts prostaglandin H2
(PGH2) to D2 (PGD2), plays a pivotal role in hair cycling.
Specifically, PGD2 is known to inhibit hair growth and is seen
at higher concentrations in balding scalps, underlying the use
of certain prostaglandin analogs and inhibitors in the manage-
ment of hair loss (14). Additionally, alteration of dermal
papilla microvasculature, accumulation of toxic metabolites
with damage to hair follicle DNA, and imbalance of follicular



protease/antiprotease systems have all been implicated in dis-
rupting the hair cycle, leading to hair loss (15).

Environmental factors

Various environmental factors have been shown to exacerbate
or accelerate hair loss. For instance, several epidemiological
studies have associated smoking with increased hair loss,
which is likely related to microvasculature disruption, ische-
mia, and the accumulation of toxic metabolites and free radi-
cals (15). Sun exposure has also been shown to contribute to
hair loss through several mechanisms, although the relation-
ship is not fully understood. One postulation involves the
photoactivation of porphyrins produced by
Propionibacterium sp. in the pilosebaceous duct, leading to
the production of radical oxygen species and harmful cyto-
kines (16,17). Similarly, studies have found that other environ-
mental factors, including the presence of microbes (e.g.
Malassezia spp.), pollutants, and irritants (e.g. hair dye), as
well as certain disease states, such as hypothyroidism and iron
deficiency, can lead to oxidative stress and hair loss (18-20).

Objective

The complexity of the hair cycle, paired with the many factors
contributing to hair loss in humans, has resulted in the devel-
opment of numerous therapeutic options for hair growth.
Several topical, oral, and procedural treatments have emerged
for managing hair loss over the past three decades. The pur-
pose of this review is to describe the many treatment modal-
ities for hair growth, focusing on their efficacy and the
scientific studies that support their use.

Methods

Using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), a systematic
review of the National Library of Medicine was per-
formed. A search of the following keywords, present in
the title or abstract of the article, including “hair,”
“growth,” and “treatments,” yielded 7,155 results.
Randomized controlled trials (RCTs), case series, case
reports, cohort studies, pilot studies, and observational
studies from the earliest date available through
August 16, 2023, were reviewed (n=535). We included
only those studies performed on human subjects, written
in English, and focusing on scalp hair growth. We
excluded any studies focusing on treatments for hair loss
due to diseases other than androgenic alopecia. Overall,
118 unique studies met our inclusion criteria. Our
PRISMA search did not yield any studies focusing on
the use of oral minoxidil or hair restoration surgery for
hair growth. Therefore, additional searches were per-
formed. The first included search terms “oral minoxidil”
and “alopecia” and yielded 10 relevant studies. The second
included the search terms “hair transplant” or “hair trans-
plantation” or “follicular unit extraction” or “follicular
unit excision” and “androgenic alopecia” or “alopecia” or
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“graft holding solution” or “survival” and yielded 13 rele-
vant studies.

Results
Topical minoxidil

First introduced to the medical community as an anti-
hypertensive medication, minoxidil became increasingly
known for the common side effect of hypertrichosis.
Minoxidil achieves this therapeutic effect through its vasodi-
latory, anti-inflammatory, and anti-androgen properties, as
well as induction of the Wnt/B-catenin pathway. To date,
topical minoxidil is the only Food and Drug Administration
(FDA) approved treatment for hair loss in both men and
wormen.

Over the past three decades, clinical trials have repeat-
edly demonstrated the efficacy of topical minoxidil in con-
centrations ranging from 1% to 5% (21-27). When
comparing efficacy by concentration, 2% topical minoxidil
was found to be equal to the 3% formulation (28-30).
However, 5% topical minoxidil was found to be superior
to both 1% (31), 2% (32-35), and 10% solution (36).
Increasing concentration was also associated with more
frequent, local side effects. For instance, a RCT of 90
males found that 10% topical minoxidil led to higher
rates of local irritation and hair shedding without produ-
cing superior clinical results (36). When comparing vehi-
cles employed for delivery of topical minoxidil, gel was
found to be equivalent to solution (37), while foam
resulted in significantly lower rates of local intolerance,
namely pruritus and dandruff (35).

Many have also investigated compounded formulations,
which combine minoxidil with other ingredients believed to
regulate hair growth. Neither the addition of 0.01% tretinoin
(38) nor 1% pyrithione zinc shampoo (39) demonstrated
increased efficacy when compared to minoxidil monotherapy.
However, improved hair growth was appreciated in trials
combining 0.25% topical finasteride (40,41), sulfotransferase
(the enzyme that converts the minoxidil’s prodrug into its
active form and physiologically resides at the level of the hair
follicle (42), and a unique formulation of 0.5% diclofenac, 5%
tea tree oil, 5% lauryl alcohol (43) with minoxidil solution.
Decades of research support the use of topical minoxidil as
a safe, effective, and easily accessible therapeutic for hair
growth among men and women.

Oral minoxidil

An article published in the New York Times (NYT) in 2022
served as a catalyst for much of the recent craze surrounding
oral minoxidil. In fact, a recent study out of JAMA Network
Open documented soaring rates of oral minoxidil use, report-
ing significantly higher prescriptions 8 weeks after versus 8
weeks before the publication of the NYT article (44).

Oral minoxidil has gained popularity given its ability to
promote hair growth without causing the local side effects
associated with the topical formulation, potentially improv-
ing patient compliance. While oral minoxidil has its own
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side effect profile (e.g. lower extremity edema and hypertri-
chosis), the adverse events are dose-dependent and often
very well-tolerated (45). As such, many have investigated
low dose oral minoxidil (LDOM) for hair loss in aging
men and women, demonstrating equivalent efficacy between
very low doses (as low as 0.25 mg and daily topical applica-
tion (46-48). We also identified one pilot study focusing on
the use of LDOM (0.25 mg) combined with 25 mg of spir-
onolactone, demonstrating decreased hair shedding after
one year of use (49).

Studies have also shown that higher doses of minoxidil may
lead to improved hair growth (50-53). For example, a RCT of
26 women found that 1 mgled to an increased hair count at 26
weeks when compared to 0.25mg of minoxidil (52).
Furthermore, prospective, single arm studies found that 0.25
mg of minoxidil daily led to a non-significant increase in hair
density (50), while 5 mg of minoxidil daily resulted in signifi-
cant increases in hair counts after 6 months of use (51). Studies
have also shown that oral minoxidil produces better hair
growth among individuals with mild to moderate, rather
than advanced, AGA (54). The tolerable safety profile, low
medication cost, and overall efficacy make oral minoxidil
a desirable option for many struggling with hair loss.

Finasteride/dutasteride

The conversion of testosterone to dihydrotestosterone (DHT)
by 5 alpha-reductase within the hair follicle plays a crucial role
in the development of patterned hair loss. Consequently, med-
ications that inhibit this enzyme are widely used to treat
androgenic alopecia. Both dutasteride and finasteride function
as anti-androgens, blocking 5 alpha-reductase; dutasteride
inhibits both the type I and II isoforms, while finasteride
inhibits only the type II isoform. Only finasteride is FDA-
approved for the treatment of patterned hair loss in males.

Several clinical trials over the past 30 years have exhibited
the benefits of finasteride (55-61). For instance, six RCTs,
including over 3,000 men with AGA, compared 1 mg of finas-
teride to placebo, demonstrating clinically significant increases
in hair count, hair weight, and global photographic assessment
data (55-60) after one or more years of use. We also identified
one study focusing on the use of oral finasteride alone or with
topical minoxidil. This study found that combination treat-
ment produced greater percentage of hairs in anagen phase,
but no difference in overall hair count. This clinical trial only
followed patients for 3 months; therefore, it is possible that
adding daily topical minoxidil is beneficial, but the follow-up
period was inadequate to capture this benefit (62).

While generally well tolerated, the possibility of sexual
dysfunction deters some individuals from taking finaster-
ide. As such, a recent RCT examined topical finasteride’s
efficacy and safety profile compared to both the oral ver-
sion and placebo. The authors demonstrated significantly
increased hair densities following 24 weeks of 0.25% topical
finasteride compared to placebo, as well as no significant
differences in hair growth compared to 1 mg of oral finas-
teride. Moreover, topical finasteride had fewer treatment-
related sexual adverse events when compared to the oral
formulation (56).

As mentioned, dutasteride acts on both isoforms of 5-alpha
reductase and has also been studied for the management of
hair loss. A single-arm, prospective study of 120 males with
AGA prescribed 0.5mg of dutasteride found significantly
increased hair count, density, and diameter over the 52-week
study period (63). In a RCT comparing 0.5 mg of dutasteride to
placebo, researchers appreciated a significantly greater change
in hair count after 6 months in the intervention group (64).
Clinical trials have also demonstrated a dose-dependent
increase in efficacy (65,66). Increasing doses, however, were
associated with greater frequency of side effects, including
decreased libido (65). Given the ability to block both type
I and II isoenzymes, some have speculated that dutasteride
may be more effective than finasteride for the management of
hair loss. Three RCTs, including 1,423 men with AGA, have
demonstrated the superiority of dutasteride over finasteride
(65-67). Furthermore, these studies showed a similar side
effect profile between finasteride and dutasteride (65-67).

These studies suggest that both finasteride and dutasteride
are efficacious in treating hair loss. While relatively infrequent,
the potential for sexual adverse events may deter some indivi-
duals from treatment with 5-alpha reductase inhibitors, lead-
ing them to favor a topical formulation. Additional studies
focusing on topical finasteride (and possibly topical dutaste-
ride) are needed to validate the findings presented above.

Other hormonal therapies

Hormonal dysregulation is a well-known cause of patterned
hair loss, as highlighted by our discussion of 5-alpha reductase
inhibitors above. The role of other hormonal agents, however,
has less supporting data. For example, we identified three
studies examining the effects of other hormonal therapies,
including aldosterone and androgen blockers, as well as estro-
gens and progesterones. In a pilot study comparing spirono-
lactone to cyproterone acetate (an androgen receptor blocker)
among 80 women with AGA, authors demonstrated improve-
ment in hair growth among nearly half of the women but failed
to show differences between the two medications (68). We also
identified two studies examining the effects of topical proges-
terone (69) and estrogen (70), which both failed to show hair
growth benefits. Additional studies comparing medications
such as spironolactone to finasteride are needed to fully under-
stand the role of these hormonal blocking agents in the man-
agement of AGA.

Ketoconazole

In addition to its anti-fungal properties, ketoconazole has
shown the ability to improve hair density and diameter, as
well as increase the proportion of hairs in the anagen phase.
Three studies have examined the benefits of ketoconazole, in
topical or shampoo formulation, for hair loss in men with
AGA. First, a small-scale pilot study demonstrated “remark-
able hair growth” among two of six men instructed to use
ketoconazole lotion on their scalp daily (71). Similarly,
a double-armed, comparative trial of 39 men with AGA
found that ketoconazole shampoo significantly improved hair



diameter and proportion of hairs in the anagen phase com-
pared to placebo. Further, this study demonstrated that keto-
conazole had similar efficacy to topical 2% minoxidil (72).
Finally, a RCT of 100 men with AGA showed that finasteride
combined with ketoconazole was superior to finasteride alone
in improving hair growth, as determined by the patient and
physician global assessment scores (73). These results support
the use of ketoconazole as an adjunctive therapy for indivi-
duals with patterned hair loss.

Supplements

A vast array of oral natural supplements exists to achieve hair
growth through their vasodilatory, antioxidant, and hormone
blocking properties. For instance, both bran supercritical CO,
extract (74) and Serenoa repens (75), have demonstrated abil-
ity to inhibit 5-alpha reductase. However, when compared to
finasteride, Serenoa repens was inferior (75). Saw palmetto is
another natural supplement known to inhibit 5-alpha reduc-
tase. Nutrafol, which contains many bio-optimized phyto-
compounds, including saw palmetto, curcumin, ashwagandha,
and tocotrienols, increases hair count after 6 months of use
when compared to placebo (76,77). Chinese herb extract, or
Dabaoa, is well-known for its vasodilatory effects. When stu-
died for hair growth promotion, Dabaoa significantly
increased hair counts in a RCT of 373 individuals with AGA
(78). Most recently, a formulation containing hydrolyzed fish-
origin collagen combined with taurine, cysteine, methionine,
iron, and selenium showed promise among 76 patients
enrolled in a 12-week RCT (79).

Similarly, many have studied the benefits of topical, natural
formulations on hair growth, including piroctone olamine
(80-82), essential plant oils (83), amino acids (84,85), caffeine
(85,86), rosemary (87), and plant extracts (86,88,89).
Compared to placebo, antioxidant preparations, such as pir-
octone olamine (80-82), polyphenols combined with hexyl
nicotinate, amino acids, minerals, and caffeine (85), and essen-
tial plant oils (83) demonstrated an increase in anagen hair
counts and hair thickness, and a decrease in hair shedding.
Further, Curcuma aeruginosa, a natural 5-alpha reductase
inhibitor, combined with 5% minoxidil, yielded significant
increases in hair growth and decreases in hair shedding after
6 months of use over either topical agent alone (88). Given its
ability to increase blood flow, topical rosemary oil has also
been studied, demonstrating hair growth results comparable to
topical 2% minoxidil after 6 months of use (87). Finally, we
identified three studies that investigated the use of proprietary
topical agents. Two prospective studies found that the combi-
nation of two extracts (Coffea arabica and Larrea divaricata)
called ECOHAIR spray lotion (n = 52 patients with AGA) (86)
and a botanical-based serum called Trimax-360 (n=30
patients with AGA) (89) yielded a significant increase in hair
growth after 3 months of use. Additionally, a large-scale, pro-
spective, comparative study demonstrated improved hair den-
sity and decreased hair shedding after 8 sessions of intradermal
injections of QR678 Neo® solution, a peptide-based formula-
tion, at 3-week intervals among 2,428 patients with AGA (84).
Certain natural supplements, in both oral and topical formula-
tions, have shown the ability to promote hair growth with
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minimal side effects and can be considered for the manage-
ment of hair growth as adjunctive therapy. Considering that
supplements lack FDA regulation, patients should exercise
caution when contemplating their use.

Platelet-rich plasma

Platelet rich plasma (PRP), a concentrate of platelet-rich
plasma proteins derived from whole blood, has become an
increasingly popular treatment for many conditions ranging
from athletic injuries, wound healing, and esthetic medicine
(including hair loss treatment). While a standardized method
of preparation is lacking, the main principle remains consis-
tent across all fields of medicine (Figure 2). Patients’ whole
blood is used to prepare concentrated platelets, which then
release numerous growth factors and cytokines known to
promote cell proliferation, differentiation, and angiogen-
esis (90).

Many have studied the use of PRP for hair loss, demon-
strating overwhelming efficacy with long-term success
(Figures 3-4). For example, we found five split-scalp RCTs,
including a total of 221 patients, comparing PRP injections
to placebo. The authors showed a significant increase in hair
count and density in the PRP injected scalp, with benefits
lasting 12 months following the last injection (91-95).
Furthermore, in a RCT by Rodrigues et al. (2019) that did
not employ a split-scalp study design, 26 males were rando-
mized to receive either four subcutaneous injections of PRP
or placebo. The authors found a significant increase in hair
count, hair density, and proportion of anagen hairs 3
months following the last injection among the PRP group
(96). Lastly, a pilot study found significant increases in hair
density following two rounds of PRP injections 3 months
apart (97). We did identify one study on PRP that failed
to demonstrate success. Gessenberger et al. (2020) rando-
mized 30 patients to receive 5 sessions of PRP or saline
injections at monthly intervals. Ultimately, the authors
found no differences in hair count or diameter between
the intervention and control groups. It is important to
note that both groups in this study experienced
a paradoxical decrease in hair count and an increase in
hair diameter over the 3 months study period, which likely
confounded results (98).

Several other investigators have compared varying formu-
lations of PRP, with the intention of identifying which method
of preparation yields the greatest efficacy. Both non-activated
PRP (99) and platelet lysate (100) demonstrated non-
inferiority when compared to standard, activated PRP.
Double-spin PRP, however, resulted in greater improvement
in hair density when compared to single-spin PRP, suggesting
higher concentrations of platelets may yield improved out-
comes (97,101). Finally, compared to PRP alone, the addition
of growth factors produced contrasting results (93,102).

Compared to either PRP or topical minoxidil monotherapy,
three studies found that combination therapy with PRP injec-
tions and daily use of topical minoxidil led to the greatest
increase in hair count and density (103-105). Finally, one
small pilot study evaluated the use of PRP in a topical
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Preparation and Injection of Platelet Rich Plasma (PRP) for Hair Loss
Step1 Blood Collection Step2 Centrifugation Step 3 Preparation of PRP Solution Step 4 Injection
[ 1]
')
— D m D :
An optimal amount of patient’s blood is PRP is separated from the rest of the blood After ifugation, the PRP is coll i A fine needle or microneedle is used to
drawn. components, such as red blood cells and in a syringe or container. inject the PRP solution into the marked
plasma, in the centrigue machine. areas of the scalp.

Figure 2. Schematic Diagram of Preparation and Injection of Platelet Rich Plasma (PRP) for Hair Loss.

Figure 3. Female Patient with AGA: Before and 6 Months After 1 Session of PRP (from the author’s clinical practice).

formulation, applied twice daily. Compared to baseline, topical ~a promising therapeutic with long-term benefits for patients
PRP resulted in increased hair count and density after 3  with hair loss. The main limitation associated with this mod-
months of treatment (106). Our pooled data suggest that it ality is the high cost of treatment, which may limit access for
provides excellent hair regeneration results and offers many patients.
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Figure 4. Male Patient with AGA: Before and 4 Months After 2 Sessions of PRP Spaced 6 Months Apart (from the author’s clinical practice).

Stem cells/growth factors

Recently, much attention has focused on the hair growth-
promoting effects of stem cells (Table 1). For instance, adi-
pose-derived stem cells have been shown to release hepatocyte
growth factor, insulin-like growth factor-1, vascular endothe-
lial growth factor, and platelet-derived growth factor, which all
regulate varying aspects of the hair cycle (107). Both intrader-
mal (107) and topical (108) applications of adipose-derived
stem cells have demonstrated success in increasing hair density
(107,108), hair thickness (108), and anagen rate (107). Dermal
sheath cup cells, which serve as progenitor cells and play
a pivotal role in controlling hair growth, have also been studied
in humans. In a split-scalp study by Tsuboi et al. (2020), 62
patients with AGA were randomly assigned to receive intra-
dermal injections of autologous dermal sheath cup cells or
placebo throughout their scalps over a 12-month study period.
The investigators found that the scalp treated with autologous
dermal sheath cup cells had significantly increased hair density
compared to placebo scalp, suggesting these cells can promote
dermal papillae formation (109).

Some have investigated the use of the growth factors them-
selves, bypassing the need for stem cells. Two studies have
compared the use of topical growth factors to placebo (110)
or topical minoxidil (111), demonstrating significant improve-
ment in hair growth after 6 months of use. Similarly, in a split-

Table 1. The role of stem cells and growth factors involved in hair growth (3).

scalp study design, 16 males with AGA were randomized to
receive three sessions of intradermal concentrated growth
factor or intradermal placebo injections, both with daily topi-
cal minoxidil, over 6 months. A greater increase in hair density
was observed in the side receiving growth factor, suggesting
the superiority of combination treatment approaches (112).
Finally, a RCT by Zimber et al. (2011) evaluated
a bioengineered, non-recombinant, human cell-derived for-
mulation, termed Hair Stimulating Complex (HSC), contain-
ing follistatin, keratinocyte growth factor, and vascular
endothelial growth factor. The authors found a significant
increase in hair count after 1 year of use in scalp treated with
intradermal HSC compared to placebo (113). While several
studies have demonstrated the efficacy of both stem cells and
growth factor therapy, we did not identify any studies compar-
ing these modalities to PRP. Future investigations should
compare these modalities, taking into consideration the asso-
ciated medical costs and resources.

Thread-embedding therapy

Thread-embedding therapy is characterized by embedding
dermal threads into the skin for various therapeutic effects.
Poly-1-lactic acid (PLLA) threads are considered a fifth-
generation polymer suture and a type of alpha hydroxy acid

Stem Cells/Growth Factors

Function in Hair Growth

Dermal Papilla Stem Cells (DPSCs)

Hair Follicle Stem Cells (HFSCs)
Hepatocyte Growth factor (HGF)
Epidermal Growth Factor (EGF)

Fibroblast Growth Factor (FGF)
Interleukein-6 (IL-6)

Vascular Endothelial Growth Factor (VEGF)
Transforming Growth Factor-Beta (TGF-f)
Platelet-Derived Growth Factor (PDGF)
Insulin-like Growth Factor (IGF-1)

Promote progenitor cells to proliferate and initiate hair follicle regeneration

Proliferate, migrate and differentiate during anagen to form the hair follicle

Enhances the proliferation of follicular epithelial cells

Improves the activity and growth of follicle outer root sheath cells by activation of Wnt/B-catenin flagging
Improves the advancement of hair follicles

Involved in WIHN through STAT3 enactment

Promotes perifollicular angiogenesis around hair follicles

Stimulates the signaling pathways that manage the hair cycle

Up-regulates the genes associated with hair follicle separation, induction, and control of anagen

Improves the migration, survival, and proliferation of hair follicle cells
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known for its absorbability and biodegradability. Two RCTs
investigated the use of PLLA threads among females with
AGA, demonstrating increased hair density and diameter
compared to both placebo (114) and topical minoxidil (115).
Additional studies are needed to determine the long-term
ability of this intervention to maintain and promote hair
growth.

Botulinum toxin A

It has been hypothesized that Botulinum Toxin A (BTA) can
increase blood flow through muscle relaxation, thereby
increasing oxygen and nutrient delivery. Some have speculated
that increased oxygen content inhibits the conversion of tes-
tosterone to DHT, thereby inhibiting the driving factor of
patterned hair loss. Consequently, BTA has been studied for
the treatment of hair growth. One split-scalp RCT found that
the scalp treated with BTA had significantly higher hair density
compared to the untreated scalp (116). On the other hand,
a study comparing patients receiving finasteride and BTA to
finasteride alone found no difference in hair counts after 4
months of treatment (117). Future investigations are needed
before this modality can be recommended for the management
of hair loss.

Low-level light treatment

Low-level laser light treatment (LLLT), also called laser photo-
therapy or photobiomodulation, has become increasingly pop-
ular over the past decade for the management of a variety of
dermatologic conditions, including hair growth. While several
studies have demonstrated the efficacy of LLLT in promoting
hair growth, the biological mechanism is not fully understood.
Various manufacturers have produced machines utilizing
wavelengths in the visible spectrum (600-900 nanometers
(nm)) with the intent of altering biological activity to promote
hair growth. We identified six RCTs (118-123) and one pilot
study (124) assessing LLLT on hair growth, with overall pro-
mising results and minimal side effects.

Two RCTs investigated the use of the HairMax LaserComb,
which utilizes wavelengths between 635 and 655 nm, com-
pared to a sham device on the change in terminal hair density
after 6 months of thrice weekly use (118,120). Both studies,
including a total of 339 patients with AGA, demonstrated
a statistically significant increase in terminal hair density in
the intervention compared to the control groups. One pilot
study (124) and three RCTs (119,121,122) investigated a LLLT
scalp helmet for hair growth. The pilot study showed
a statistically significant increase in hair counts after 6 months
of daily use of the X5 HairLaser, a precision instrument utiliz-
ing cold beam LLLT, in 48 patients with AGA (124). Two of
the three RCTs including a total of 68 patients with AGA
demonstrated a significant increase in hair density after 16
(119) and 24 weeks (122) of every other day use of the LLLT
helmet. However, a split-scalp RCT by Ferrara et al. (2021) of
19 men with AGA found no difference in terminal or vellus
hair counts between treated (cap-shaped photobiomodulation
turned on) and untreated (cap-shaped photobiomodulation

turned off) scalp after 6 months of daily use (121). Finally,
and most recently, Choi et al. (2022) investigated the benefits
of combined photobiomodulation therapy with pulsed electro-
magnetic therapy in a RCT of 80 patients. Compared to the
control group, which was exposed to a sham machine, those
individuals receiving photobiomodulation with pulsed electro-
magnetic therapy demonstrated a statistically significant
increase in hair density after 24 weeks (123). Overall, LLLT
may serve as a promising adjunctive therapy for hair loss
among dedicated patients. The main limiting factor is the
high cost of these devices.

Fractionated laser therapy

Fractionated laser therapy is thought to promote hair
growth by two postulated mechanisms. First, microscopic
injuries to the epidermis may elicit a favorable wound
healing environment that promotes hair growth. Secondly,
disruption of the stratum corneum may enhance delivery of
hair growth-promoting topical formulations down to the
level of the hair follicle. We identified four studies utilizing
fractionated laser devices for the promotion of hair growth
either alone (125) or in combination with topical hair
growth formulations (126-128). In a prospective study, 47
men and women with AGA received 10 treatment sessions
with the 1540 nm fractional erbium-glass (Er:Glass) laser at
2-week intervals. The authors demonstrated a significant
increase in hair count and density five months following
the last laser session, with side effects of resolving erythema
and burning (125). Furthermore, when compared to topical
minoxidil alone, treatment with the Er:Glass laser followed
by minoxidil application significantly improved both hair
density and diameter among 29 men in a split-scalp study
design (128). Similarly, fractionated CO, laser followed by
growth factor application resulted in increased hair density
compared to the application of growth factor alone. In
a split-scalp study design, Huang et al. (2017) randomized
27 men with AGA to 6 sessions of fractionated, ablative
CO2 at 2-week intervals to one side of the scalp, followed
by growth factor serum applied to the entire scalp. They
demonstrated both increased hair density and greater over-
all improvement (as determined by the global assessment
score) in the scalp treated with laser and serum (127).
These results support the belief that fractionated laser
technology increases the delivery of topical agents by creat-
ing microchannels in the epidermis. Finally, when com-
pared to fractionated laser alone, addition of topical
growth factors yielded improved outcomes. In a split-
scalp RCT, 10 patients received 12 sessions of fractionated
1927 nm thulium laser to their entire scalp at one-week
intervals, with growth factor solution applied to half the
scalp. Significant increases in hair density and thickness
were seen on both sides of the scalp with greatest improve-
ments seen on scalp treated with thulium laser followed by
growth factor serum (126). The use of fractionated laser
therapy alone or to improve drug delivery has proven
successful in promoting hair growth. These procedures,
however, are both painful, requiring downtime, and costly,
which may limit their use in daily clinical practice.



Drug delivery devices

Like the use of fractionated lasers to increase drug delivery of
hair growth-promoting topical agents, other drug-delivery
devices have been developed and studied with the intention of
promoting transdermal absorption of medications, including
minoxidil and growth factor serums. For instance, two prospec-
tive trials compared the use of topical minoxidil alone, micro-
needling alone, and the combination of microneedling with
topical minoxidil over a six-month study period. Investigators
demonstrated that combination treatment is clinically superior
to monotherapy (129,130). Furthermore, the authors found that
combination treatment resulted in an upregulation of proteins
known to promote hair growth, including beta-catenin (129).
Similarly, Gong et al. (2017) compared topical 5% minoxidil
alone, 12 sessions of pressurized and accelerated transdermal
delivery (using JetPeel technology) of 5% minoxidil weekly, and
no treatment in 30 patients with AGA. The greatest increase in
hair count and diameter was seen among those who received
the JetPeel-assisted delivery of topical minoxidil (131).
Furthermore, a RCT of 40 males with AGA found that daily
minoxidil use combined with weekly microneedling procedures
followed by the application of fibroblast growth factors yielded
increased hair density when compared to both the use of
minoxidil alone and to microneedling followed by fibroblast
growth factor serum alone (132). Finally, a small pilot study
demonstrated the efficacy of microneedling alone, reporting
that three sessions of microneedling completely or partially
halted hair loss in 50 individuals with AGA or telogen effluvium
(133). These results demonstrate the efficacy of drug-delivery
devices. Similar to the use of fractionated lasers, however, these
procedures require access to medical resources, time, and
money, which may not be available to all patients.

Hair transplantation surgery

Hair restoration surgery has significantly evolved since its
initial description nearly a century ago. Originating in Japan
in the 1930s, Okuda was the first physician to detail the
technique of autologous hair transplantation, using large, cir-
cular punches to harvest grafts from hair bearing scalps
(134,135). Hair transplantation, however, was not popularized
until the 1950s when Orentreich published an article written in
English describing the use of 4-mm punch grafts (136). The
latter half of the 20 century marked further development in
hair restoration surgery, with the use of follicular unit trans-
plantation (FUT), also known as strip harvesting FUT, fol-
lowed by the use of follicular unit extraction (FUE), which
directly removes individual follicular units from donor scalp.
Today, FUE has surpassed strip harvesting FUT to become the
most used donor harvesting technique, yielding improved
cosmetic outcomes at both the donor and recipient sites
(135,137).

In 2021, nearly 150,000 hair transplants were performed in
North America, primarily for AGA. This rising demand has
spurred investigations seeking ways to improve graft survival.
We identified three studies, including a total of 197 patients
with AGA, demonstrating the superiority of hair transplanta-
tion combined with PRP to hair transplant alone (138-140).
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Specifically, these studies found that the use of PRP during and
following hair transplantation procedures led to greater hair
density (138-140), reduced catagen loss of transplanted hair
(138-140), longer follicles (139), and faster healing (139,140).
Finasteride has also been found to improve graft survival. For
instance, in a RCT of 79 men with AGA, those randomized to
receive finasteride 1 mg daily for 1 year surrounding their
procedure had increased hair counts at week 48 compared to
those receiving placebo (141). Finally, hyperbaric oxygen ther-
apy has also shown promise. Decreased itching, folliculitis, and
postoperative shedding was appreciated among men rando-
mized to receive FUE with 1 week of daily hyperbaric oxygen
therapy via facemask, compared to FUE alone (142). On the
other hand, studies have failed to demonstrate improved graft
survival when using intraoperative hydrogen peroxide com-
pared to normal saline for wound care (143) or when de-
epithelizing follicular units prior to implantation (144).
Several studies have also focused on the intraoperative
storage of follicular grafts. Three studies found an increased
hair density (145-147), a greater proportion of grafts in anagen
phase (146), and greater improvements in skin recovery (147)
among those follicular grafts stored in autologous PRP com-
pared to saline. Two studies also demonstrated enhanced graft
survival with the use of a hypothermic preservative media,
called HypoThermosol, compared to saline (148,149).
Furthermore, the addition adenosine triphosphate (ATP) to
preservative media has also shown positive results. Decreased
postsurgical shedding was appreciated when ATP was added to
histidine-tryptophan-ketoglutarate ~solution (150) and
enhanced graft survival was seen when ATP was added to
HypoThermosol (148,149). In vitro studies speculate the addi-
tion of ATP leads to decreased Bcl-2 expression, thereby
increasing antiapoptotic activity within follicular grafts (151).
Opverall, studies have demonstrated high graft survival rates
ranging from 85% to 93% (152-154), as well as very patient
high satisfaction rates following hair restoration surgery
(155,156). According to the International Society for Hair
Restoration Surgery, bioengineering hair follicles with the use
of hair cloning and stem cells are posed to be the next great leap
in hair restoration (157). Until then, current hair transplanta-
tion practices produce excellent cosmetic outcomes. The high
associated costs, however, may limit its widespread adaptability.

Other topical agents

A variety of other topical agents have been studied for the
potential treatment of hair loss. Compared to placebo,
latanoprost 0.1% (158), tretinoin 0.025% (159), and 8.3%
valproic acid spray (160) proved efficacious in increasing
hair counts and density, while 1% ceramide lotion (161),
fulvestrant (162), and visprostol (163) did not.
Furthermore, a small pilot study compared topical cyclos-
porine to olive oil, failing to demonstrate promising results
for either agent (164).

We also identified four studies investigating the use of
topical adenosine. While the exact mechanism has not yet
been fully elucidated, prior reports have demonstrated the
ability of adenosine to stimulate the expression of fibro-
blast growth factor and Wnt/B-catenin in dermal papilla
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cells, thereby activating HFSCs and maintaining anagen
phase (165). Three articles compared the efficacy of topical
adenosine to placebo among 170 individuals with AGA,
finding increases in hair density, hair thickness, and pro-
portion of hairs in anagen phase (165-167). Topical ade-
nosine, however, was not superior to 5% topical
minoxidil (168).

Finally, we found two studies examining topical cetirizine
for hair loss. Mainly known for its inhibitory effects on the
histamine H1 receptor, cetirizine also promotes expression
of PGE2 and inhibits PGD2, key components of the hair loss
pathway. The benefits of topical cetirizine were demon-
strated in a small pilot study, which found significant
increases in hair density following 6 months of daily appli-
cation (169). When compared to topical 5% minoxidil, how-
ever, cetirizine was inferior (170). While many topical agents
have been trialed for the management of hair loss, none have
proven to be superior to the FDA-approved therapeutic,
topical minoxidil.

Other interventions

Several other modalities have been investigated for hair
growth, including ultraviolet B (UVB) light, psoralen
ultraviolet A (PUVA), and photodynamic therapy (PDT).
Previous reports have demonstrated PDT’s ability to pro-
mote hair follicle proliferation and induce hair growth
during telogen phase in mice (171). However, a small,
split-scalp RCT comparing 6 sessions of ALA-PDT to red-
light therapy alone, found no difference in hair density
between the two interventions (172). Furthermore, a split-
scalp study of 9 males with AGA compared daily topical
minoxidil alone to topical minoxidil in conjunction with
twice weekly UVB or PUVA. Investigators found that the
addition of UVB or PUVA did not have a synergistic
effect on topical minoxidil-induced hair growth (173).
Additional studies are needed to explore the role of
these modalities in hair growth.

Discussion

Hair loss is a complex, multifactorial condition that holds
the potential to significantly impact quality of life. While
topical minoxidil (for men and women) and finasteride
(for men) remain the only FDA-approved therapeutics,
several other oral, topical, and procedural options exist.
This literature review summarizes the key findings of 141
studies, demonstrating the greatest efficacy for those
agents investigated using randomized study designs with
objective hair growth parameters including hair count,
density, and diameter.

Among OTC treatments, topical minoxidil is the main-
stay of therapy due to its proven effectiveness, low cost,
ease of accessibility, and tolerable side effect profile.
Many OTC supplements have similarly proven to be
beneficial as complementary treatments. These supple-
ments are not FDA-approved; and, therefore, patients
should be cautious when purchasing oral formulations

as the efficacy and safety of these products may be vari-
able. Additionally, LLLT has shown promise as
a potential adjunctive treatment. These devices can be
purchased online; however, they tend to be costly and
regular compliance may pose a challenge for some indi-
viduals. With respect to prescription medications, oral
minoxidil, finasteride, and dutasteride appear to have
the highest efficacy in treating hair loss across studies.
Interestingly, dutasteride may be more effective than
finasteride in regrowing hair and reducing hair loss.
Further, the longer half-life of dutasteride also allows
for every other day or every third day dosing, thereby
minimizing the side effect profile without compromising
clinical efficacy. Ketoconazole shampoo is well-tolerated
and inexpensive, making it an easy adjunctive therapy for
patients desiring a combination treatment approach.
Finally, PRP, both with and without hair restoration
surgery, appears to be the most promising procedural
treatment, stimulating long-lasting hair growth and
enhancing overall scalp health. Use of fractionated lasers,
other drug-delivery devices, and hair restoration surgery
have also shown benefit. These procedural treatments,
however, are not covered by insurance, can be very
costly, and are oftentimes associated with pain and dis-
comfort. In clinical practice, the ideal treatment approach
should be both multifaceted and individualized, consider-
ing the degree of hair loss, patient preferences, associated
costs, and comorbid conditions. Future clinical trials with
sufficient sample sizes, adequate follow-up time, and
standardized outcomes are necessary to better delineate
the efficacy and safety of various therapeutics, alone and
in combination. Finally, because AGA is a chronic con-
dition, follow-up studies evaluating the sustainability of
hair regrowth following treatment discontinuation are
warranted.
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