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Efficacy of polyphenolic compounds for hair regeneration: a systematic review 
and meta-analysis of randomized controlled trials
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Carmen Lucas-Abellánc , Rebeca González-Louzaoc  and Desirée Victoria-Montesinosc 
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HiTech Sport & Health Innovation Hub, Universidad Católica de Murcia, Murcia, Spain; cFaculty of Pharmacy and Nutrition, UCAM Universidad Católica 
San Antonio de Murcia, Murcia, Spain

ABSTRACT
Background:  Non-scarring alopecia, including androgenetic alopecia, alopecia areata, and telogen 
effluvium, is highly prevalent and often associated with significant psychosocial burden. Although 
treatments such as minoxidil and finasteride are available, variability in response and tolerability 
concerns have increased interest in alternative therapeutic approaches. Polyphenolic compounds have 
attracted attention due to their antioxidant, anti-inflammatory, and immunomodulatory properties.
Objectives:  This systematic review and meta-analysis evaluated the efficacy of oral and topical 
polyphenolic interventions for hair regeneration in adults with non-scarring alopecia.
Methods:  A systematic search of PubMed/MEDLINE, Scopus, Web of Science, and Cochrane CENTRAL 
was conducted according to PRISMA 2020 guidelines (PROSPERO: CRD420251230149). Randomized, 
blinded controlled trials were included. Primary outcomes were objective trichoscopic measures, 
including hair density and total area hair count.
Results:  Thirty-two randomized controlled trials involving 2,183 participants were analyzed. Compared 
with controls, polyphenolic interventions significantly improved hair density (SMD 0.90; 95% CI 0.51–
1.30) and total area hair count (SMD 1.03; 95% CI 0.42–1.63), although substantial heterogeneity was 
observed. Direct comparisons with minoxidil did not show significant differences in overall hair count 
outcomes.
Conclusions:  Current evidence suggests that selected polyphenolic formulations may represent a 
potential adjunctive therapeutic approach in non-scarring alopecia, though further standardized and 
long-term trials are warranted.

GRAPHICAL ABSTRACT

1.  Introduction

Alopecia is a prevalent condition frequently associated with dimin-
ished quality of life and increased psychological distress (1,2). Its 
pathology is broadly categorized into scarring (permanent) and 
non-scarring (reversible) types (3). While scarring alopecia results 

in the irreversible destruction of the follicle, non-scarring varieties, 
such as androgenetic alopecia, alopecia areata, and telogen efflu-
vium, are driven by cyclical aberrations (3,4). In these instances, 
the preservation of the hair follicle enables the possibility of phys-
iological restoration, making hair regeneration a critical area of 
dermatological study.
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Current FDA-approved pharmacotherapies for alopecia remain 
limited in scope and efficacy. Finasteride, a type II 5α-reductase 
inhibitor, targets the conversion of testosterone to dihydrotestos-
terone (DHT); while traditionally administered orally at 1 mg/day, 
its topical application is under increasing investigation to mitigate 
systemic side effects (5). Concurrently, Minoxidil is utilized topically 
(2–5%) as a vasodilator that promotes hair regeneration through 
potassium channel activation, modulating in this way the follicular 
microenvironment (6). Despite these options, variable clinical out-
comes and potential adverse effects need for the exploration of 
novel compounds to promote hair regeneration. In this sense, 
there is significant interest in plant-derived polyphenolic com-
pounds. These bioactive molecules offer a multi-targeted approach 
through their documented antioxidant, anti-inflammatory, and 
immunomodulatory properties, providing a potential safer profile 
for long-term hair follicle modulation (5,6).

Despite the proliferation of studies on botanical interventions, a 
comprehensive quantitative synthesis of their efficacy across diverse 
alopecia phenotypes has been lacking. This systematic review and 
meta-analysis aims to evaluate the efficacy of polyphenolic com-
pounds in the treatment of non-scarring alopecia, including androge-
netic alopecia (AGA), alopecia areata (AA), and telogen effluvium. 
Formulated according to the PICOS framework, the eligibility criteria 
were restricted to blinded, randomized controlled trials (RCTs) involv-
ing adults to mitigate the high risk of bias inherent in subjective 
hair-growth assessments. By systematically evaluating 32 randomized 
controlled trials involving 2183 participants, this study seeks to clarify 
the therapeutic potential of various polyphenolic subclasses. The 
investigation encompasses a range of oral and topical interventions, 
including pure compounds, as well as standardized extracts. Ultimately, 
this meta-analysis aims to provide a high-level evidence base to guide 
clinical decision-making and identify future directions for the develop-
ment of standardized, plant-derived hair regeneration therapies.

2.  Materials and methods

2.1.  Protocol and registration

This systematic review and meta-analysis was performed in strict 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 statement (7). The 
review protocol was prospectively registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) prior to 
study selection to ensure methodological transparency and to pre-
vent reporting bias (Registration ID: CRD420251230149).

2.2.  Research question and eligibility criteria

This review evaluated the efficacy and safety of polyphenolic com-
pounds for the treatment of non-scarring alopecia, including andro-
genetic alopecia (AGA), alopecia areata (AA) and telogen effluvium. 
The research question was defined using the PICOS framework. 
Only randomized controlled trials (RCTs) with control groups were 
included, requiring blinding of participants, outcome assessors, or 
both; open-label trials were excluded due to the high risk of bias 
associated with subjective and patient-reported outcomes.

Eligible participants were adult men and women (≥18 years), 
either healthy volunteers or patients with alopecia of any etiology 
except chemotherapy-induced hair loss. Pediatric populations and 
secondary alopecias were excluded unless the intervention specif-
ically targeted polyphenol-related effects on primary alopecia. 
Interventions comprised oral or topical administration of isolated 

polyphenols or standardized polyphenol-rich extracts, including 
procyanidins, catechins, resveratrol, quercetin, curcumin, genistein, 
caffeic and cinnamic acids, as well as extracts from green tea, rose-
mary oil, pumpkin seed oil, Annurca apple and onion juice. Trials 
in which polyphenols were not the main active component, their 
effects could not be isolated, or dietary interventions lacked stan-
dardized polyphenol content were excluded.

Comparators included placebo, no treatment, or approved 
pharmacological therapies such as minoxidil, finasteride or cortico-
steroids; head-to-head comparisons between polyphenolic com-
pounds were also eligible. Primary outcomes for quantitative 
synthesis were objective trichoscopic measures of hair growth, 
namely hair density, total area hair count (TAHC) and terminal hair 
count. Additional outcomes were synthesized narratively due to 
methodological heterogeneity.

Only trials with a minimum intervention duration of four weeks 
were included, as shorter studies are insufficient to detect physio-
logically meaningful changes across the hair growth cycle.

2.3.  Information sources and search strategy

A comprehensive literature search was conducted in PubMed/
MEDLINE, Scopus, Web of Science Core Collection and Cochrane 
CENTRAL from database inception to November 2025. Searches 
were performed between August and November 2025. The search 
strategy combined Medical Subject Headings (MeSH) and free-text 
terms related to polyphenols and hair loss, linked using Boolean 
operators. Truncation and controlled vocabulary were applied 
where appropriate. Full search strategies for all databases are pro-
vided in Table S1.

Backward citation tracking of included studies was also per-
formed, but no additional eligible studies were identified.

2.4.  Study selection process

All records were imported into Rayyan (Qatar Computing Research 
Institute, Doha, Qatar) for systematic screening and duplicate 
removal. Two independent reviewers, D.V.-M. and A.M.G.-M., 
screened titles and abstracts to identify potentially eligible studies 
based on the predefined inclusion criteria. Full texts of selected 
articles were then reviewed in detail. Any disagreements were 
resolved by discussion or by consulting a third reviewer (R.G.-L.). 
Inter-rater agreement was calculated using Cohen’s kappa coeffi-
cient to quantify consistency between reviewers.

A PRISMA 2020 flow diagram illustrates the number of records 
identified, screened, excluded (with reasons), and finally included 
in the qualitative and quantitative syntheses.

2.5.  Data extraction and management

Data were extracted independently by two reviewers (D.V.-M. and 
A.M.G.-M.) using a standardized, piloted extraction form in 
Microsoft Excel. Extracted data included study characteristics, par-
ticipant characteristics, intervention and comparator details, out-
comes, and main results.

To ensure comparability across studies and suitability for 
meta-analysis, outcome data were standardized to absolute change 
from baseline with corresponding means and standard deviations. 
When standard errors of the mean (SEM) were reported, standard 
deviations (SDs) were calculated according to the Cochrane 
Handbook recommendations (8).
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When data were missing or incompletely reported, study 
authors were contacted to obtain the required information. For 
outcomes reported only graphically, numerical estimates were 
extracted using WebPlotDigitizer software (v4.8; A. Rohatgi, 
Automeris LLC). All extracted data were independently verified by 
a third reviewer to ensure accuracy and data integrity.

2.6.  Risk of bias assessment

As all included studies were randomized controlled trials, method-
ological quality was assessed using the Cochrane Risk of Bias 2 
(RoB 2) tool (9). Studies were classified according to their primary 
analysis approach as intention-to-treat (ITT) or per-protocol (PP). 
Risk of bias assessments were conducted independently by two 
reviewers, with disagreements resolved by consensus. Sensitivity 
analyses were planned to evaluate the influence of studies at high 
risk of bias on the meta-analysis results.

2.7.  Data synthesis and meta-analysis

A qualitative synthesis was first performed to describe the charac-
teristics and findings of all included RCTs, grouped by type of 
polyphenol, route of administration, and alopecia subtype. 
Quantitative synthesis (meta-analysis) was subsequently carried 
out for outcomes reported by at least two studies.

For continuous variables (e.g. hair density, total area hair count, 
and terminal area hair count), standardized mean differences 
(SMDs) with 95% confidence intervals (CIs) were calculated using 
Hedges’ g. Analyses were initially performed using a fixed-effect 
model. Heterogeneity was assessed via Cochran’s Q and the I2 sta-
tistic, with thresholds of 25%, 50%, and 75% representing low, 
moderate, and high heterogeneity, respectively. In cases where 
heterogeneity was statistically significant (Q test p < 0.05), the cor-
responding models were re-estimated using a random-effects 
approach (DerSimonian-Laird).

To explore the potential impact of clinical heterogeneity related 
to differences in alopecia subtype, sensitivity analyses were addi-
tionally performed by restricting the meta-analyses to studies 
including only patients with AGA. These analyses were conducted 
for outcomes in which the primary pooled estimates included 
mixed alopecia populations. No additional sensitivity analysis was 
undertaken when all studies contributing to a given outcome 
were already limited to AGA.

Subgroup analyses were performed based solely on the route 
of administration (topical vs. oral) to explore potential differences 
in treatment effects. Publication bias was assessed through visual 
inspection of funnel plots and Egger’s test for funnel plot asym-
metry (p < 0.05 indicating potential bias). These evaluations were 
performed only for outcomes with at least three studies, as funnel 
plots and asymmetry tests are not reliable when fewer studies are 
available. Funnel plots and the corresponding Egger’s test statistics 
are presented within the respective figures. All analyses were con-
ducted using Stata (version 16.1; StataCorp, College Station, 
TX, USA).

3.  Results

3.1.  Study selection

The systematic database search identified a total of 738 records. 
After removal of duplicates, 459 titles and abstracts were screened 

for eligibility. Following detailed full-text review, 52 full-text arti-
cles were assessed against predefined inclusion criteria, including 
the requirement for a control group (placebo, active comparator, 
or standard care). A total of 20 studies were excluded at the 
full-text screening stage for the following reasons: non-polyphenolic 
interventions (n = 10), open-label design (n = 4), pediatric popula-
tion (n = 2), chemotherapy-induced alopecia (n = 1), hirsutism pop-
ulation (n = 1), non-scalp (axillary) hair outcomes (n = 1), and 
intervention duration shorter than eligibility criteria (n = 1). 
Ultimately, 32 randomized controlled trials met all inclusion criteria 
and were included in this systematic review and meta-analysis 
(Table 1). The PRISMA 2020 flow diagram (Figure 1) illustrates the 
study selection process with reasons for exclusion at each stage. 
Detailed exclusion reasons for each individual study are provided 
in Table S2.

3.2.  Study characteristics

3.2.1.  General study features
The 32 randomized controlled trials included were published 
between 2001 and 2025, with a striking acceleration in publication 
frequency over the past five years (22 studies published between 
2020 and 2025), underscoring intensifying research interest in 
botanical and polyphenolic interventions for alopecia. Studies 
were conducted across diverse geographical locations. Asian coun-
tries included South Korea (17–19,21,23,24), Thailand (16,27, 
33,37,39), China (14,25,28), Japan (35,36), India (34), Malaysia (11), 
and Iran (30). European studies originated from Italy (13,38), Turkey 
(31,41), Germany (15,40), Spain (32), France (26), Greece (22), and 
Russia (29). North American research was conducted in the United 
States (10,12,20). This geographic diversity reflects global research 
engagement with polyphenolic interventions for alopecia. Study 
designs were predominantly double-blind, randomized, placebo- 
controlled trials (n = 26) (10–15,17–26,29,32–36,38–41). Active- 
controlled designs were used in four studies comparing botanical 
interventions with minoxidil (16,27,28,30,37), while one study 
employed a mixed placebo–active design (37). Single-blind or 
assessor-blinded designs were used in one study (31).

3.2.2.  Population characteristics
Androgenetic alopecia was the most frequently investigated condi-
tion, addressed in 23 trials (10–12,14,16,18–20,22–24,26,27,30,33–41). 
Alopecia areata (28) and telogen effluvium (21), were each investi-
gated in one study, with additional representation in mixed cohorts 
(31,32). Five studies used nonspecific descriptors such as hair thin-
ning or diffuse hair loss and were classified as undefined alopecia 
(13,15,17,25,29). Across all studies, 2183 participants were included, 
with sample sizes ranging from 20 to 250. The mean age was 
42.1 years, and the mean proportion of women was 37.8%.

3.2.3.  Intervention characteristics
The included trials investigated a wide range of polyphenolic com-
pounds, botanical sources, and delivery formats. Procyanidins and 
proanthocyanidins were among the most frequently studied sub-
classes, appearing in seven trials (13,14,25,32,35,38,41). Curcuminoids 
were evaluated in five studies, primarily as oral supplements 
(10,12,21), while topical Curcuma aeruginosa was assessed in a sep-
arate trial (33); an additional study examined a topical curcumin–
capsaicin–piperine formulation (28). Flavonoids and flavonoid-rich 
extracts were investigated in nine trials using diverse botanical 
sources (15–17,22–24,26,27,37). Other phenolic compounds, 
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including phenolic acids, diterpenes, stilbenes, and mixed polyphe-
nolic formulations, were evaluated across seven studies (11,18,20,29–
31,34,39,40), reflecting substantial heterogeneity of interventions.

Regarding administration routes, 11 studies evaluated oral supple-
mentation (10,12–14,19,21,22,24,25,32,38), 21 investigated topical for-
mulations (11,15–18,20,23,27–31,33–37,39–41), and one combined 
both approaches (31). Intervention durations ranged from 8 weeks to 
12 months, with most studies lasting 3–6 months.

3.2.4.  Comparator groups
Placebo controls were used in 26 studies, while active comparators 
(primarily minoxidil) were employed in four trials (16,27,28,30). 
Mixed designs including both placebo and active comparators 
were reported in two studies (29,37). One study used single-blind 
or assessor-blinded methodology (31). No trial included a true 
no-treatment control group.

3.2.5.  Risk of bias assessment
RoB 2.0 tool was used to evaluate 32 RCTs, of which 7 were rated 
as having a “low risk” of bias (12,16,20,21,32,34,37), and 25 as hav-
ing “some concerns” of bias (10,11,13–15,17–19,22–31,33,35,36,38–
41) (see Figure S1).

3.3.  Quantitative synthesis

3.3.1.  Hair density: Polyphenolic extract vs. control
Seven studies compared polyphenolic extracts with control groups 
for changes in hair density. The pooled analysis showed a signifi-
cant increase in hair density favoring polyphenolic interventions 
(SMD 0.90, 95% CI 0.51–1.30; z = 4.44, p < 0.001; Figure 2). 
Substantial heterogeneity was observed (I2 = 78.61%, τ2 = 0.23; 
Q(6) = 25.65, p < 0.001). When the analysis was restricted to studies 
including only patients with AGA, the pooled effect remained sta-
tistically significant and continued to favor polyphenolic interven-
tions over control (SMD 1.04, 95% CI 0.24–1.83; z = 2.56, p < 0.01). 
However, substantial heterogeneity persisted (I2 = 80.51%, τ2 = 
0.26; Q(1) = 5.13, p < 0.02; Figure S2A).

Subgroup analysis by route of administration did not reveal sig-
nificant differences between oral and topical interventions (Qb(1) 
= 0.00, p = 0.99). The pooled effect size was similar for oral inter-
ventions (SMD 0.91, 95% CI 0.55–1.27; I2 = 67.20%; Q(4) = 12.08, 
p < 0.02) and topical interventions (SMD 0.91, 95% CI − 0.61–2.44; 
I2 = 92.54%; Q(1) = 13.41, p < 0.001). Detailed forest plots are 
shown in Figure S3A.

3.3.2.  Total area hair count (TAHC): polyphenolic extract vs. 
control
Five studies evaluated changes in TAHC. Meta-analysis demonstrated 
a significant improvement in TAHC among participants treated with 
polyphenolic extracts compared with controls (SMD 1.03, 95% CI 
0.42–1.63; z = 3.32, p < 0.001; Figure 3). Between-study heterogeneity 
was substantial (I2 = 78.64%, τ2 = 0.37; Q(4) = 19.21, p < 0.001). A 
similar pattern was observed when the analysis was limited to stud-
ies involving only patients with AGA. In this restricted model, poly-
phenolic interventions continued to show a significant benefit over 
control (SMD 0.85, 95% CI 0.21–1.50; z = 2.61, p < 0.01), although 
considerable between-study heterogeneity remained (I2 = 76.37%, τ2 
= 0.33; Q(3) = 12.29, p < 0.01; Figure S2B).

Subgroup analysis indicated a significant pooled effect for top-
ical interventions (SMD 0.90, 95% CI 0.21–1.60; I2 = 81.16%; Q(3) = 
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Figure 1.  PRISMA flow diagram of study selection.

Figure 2. F orest plot of the effect of polyphenolic compounds on hair density.
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15.77, p < 0.001). However, no statistically significant differences 
were observed between oral and topical routes (Qb (1) = 1.69, 
p = 0.19), and this comparison should be interpreted cautiously 
due to the limited number of oral studies (n = 1). Subgroup forest 
plots are presented in Figure S3B.

3.3.3.  Terminal area hair count: Polyphenolic extract vs. control
Two studies assessed terminal area hair count (TAHCt). The 
pooled estimate suggested a potential increase with polyphenolic 
extracts (SMD 2.86, 95% CI −0.88 to 6.61; z = 1.50, p = 0.13; Figure 
4). Between-study heterogeneity was extremely high (I2 = 96.56%, 
τ2 = 7.07; Q(1) = 29.08, p < 0.001), indicating substantial uncer-
tainty around the pooled effect. Notably, all studies included in 
this analysis were conducted exclusively in patients with AGA.

3.3.4.  Total area hair count: Polyphenolic extract vs. minoxidil
Two studies directly compared polyphenolic extracts with topical 
minoxidil. No statistically significant difference between treatments 
was observed (SMD − 0.11, 95% CI − 0.50 to 0.28; z = − 0.54, 
p = 0.59; Figure S3C). No heterogeneity was detected (I2 = 0.00%; 
Q(1) = 0.17, p = 0.68).

3.3.5.  Terminal area hair count: Polyphenolic extract vs. minoxidil
Two studies compared polyphenolic extracts with minoxidil for 
TAHCt. Individual trials yielded inconsistent results, with one study 
favoring minoxidil markedly and the other showing no significant 
difference. The pooled effect did not reach statistical significance 
(SMD −0.87, 95% CI −2.31 to 0.57; z = −1.18, p = 0.24; Figure S3D), 
and heterogeneity was substantial (I2 = 90.50%, τ2 = 0.98; Q(1) = 
10.52, p < 0.001).

3.4.  Publication bias assessment

Publication bias was assessed for the primary meta-analyses using 
funnel plot inspection and Egger’s regression test (Figure S4). For 
hair density versus control (seven studies; Figure S4A), the funnel 
plot showed no clear asymmetry, and Egger’s test did not indicate 
significant small-study effects (β = 6.34, SE = 5.62, p = 0.2680), 
despite the presence of substantial heterogeneity.

For TAHC versus control (Figure S4B), funnel plot inspection did 
not reveal obvious asymmetry; however, Egger’s regression test 
suggested potential small-study effects (β = 14.91, SE = 5.85, 
p < 0.0108).

Publication bias was not assessed for terminal area hair count 
(TAHCt) or for comparisons between polyphenolic extracts and 
minoxidil, as these analyses included only two studies each, and 
funnel plot–based methods are not considered reliable with such 
limited numbers of studies. The reporting structure of this system-
atic review and meta-analysis followed the PRISMA 2020 recom-
mendations, and the completed PRISMA checklist is provided in 
Figure S5.

4.  Discussion

The therapeutic landscape for alopecia is currently dominated by 
a limited number of FDA-approved pharmacological interventions, 
primarily topical minoxidil and oral finasteride (42). While these 
agents are effective for a significant proportion of patients, their 
clinical utility is hampered by factors including adverse effect pro-
files, narrow mechanistic focus, and the perception of natural or 
plant derived alternatives as compounds with superior safety pro-
files and fewer systemic risks (43) minoxidil). Due to their natural 

Figure 3. F orest plot of the effect of polyphenolic compounds on total area hair count (TAHC).

Figure 4. F orest plot of the effect of polyphenolic compounds on Terminal Area Hair Count (TAHCt).
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origin and diverse pharmacological profiles, polyphenolic com-
pounds provide a multi-targeted approach that makes them prom-
ising candidates for treating hair loss. This systematic review 
provides, for the first time, a rigorous evaluation of the efficacy 
and safety of polyphenolic compounds across diverse forms of alo-
pecia, with a predominant focus on androgenetic alopecia, which 
was the most represented phenotype.

Among the 32 studies included in this analysis, flavonoids con-
stituted the most frequently investigated subclass of polyphenols, 
likely reflecting their well-established antioxidant, anti-inflammatory, 
and vasodilatory properties (44). Procyanidins and proanthocyani-
dins were the second most consistently studied group. These poly-
phenols are of particular interest in trichology due to their ability 
to promote the transition of hair follicles from the telogen to the 
anagen phase, potentially via modulation of protein kinase C–
dependent signaling pathways (45). Curcuminoids and phenolic 
acids were also prominently represented across the included trials, 
highlighting a growing emphasis on targeting the microinflamma-
tory milieu of the hair follicle (46). While heterogeneity in formu-
lations and outcome measures limits direct comparison between 
individual compounds, the convergence of positive effects across 
these polyphenolic classes supports their collective therapeutic 
potential in the management of non-scarring alopecia.

The meta-analysis of seven RCTs revealed that the application 
of polyphenolic extracts significantly increases hair density com-
pared with placebo, with a pooled effect size in the large range 
(SMD = 0.90, 95% CI 0.51–1.30). Notably, despite substantial het-
erogeneity, the overall effect remained highly significant (I2 = 
78.61%; Q(6) = 25.65, p < 0.001), suggesting that variability across 
trials influence the magnitude of benefit more than the direction 
of effect. Such heterogeneity is expected, given the differences in 
polyphenolic subclass and composition, alopecia phenotype and 
severity, and variation in trichoscopic methods and reporting 
formats.

Similarly, five studies contributed to the meta-analysis for total 
area hair count (TAHC), again demonstrating a statistically signifi-
cant improvement with polyphenolic extracts relative to control 
(SMD = 1.03, 95% CI 0.42–1.63), with a magnitude of effect also 
within the large range. As with density, heterogeneity was sub-
stantial (I2 = 78.64%; Q(4) = 19.21, p < 0.001), indicating marked 
variability across studies, which could be amplified because count 
is especially sensitive to methodological differences and hair count 
may respond differently depending on whether an intervention 
primarily drives anagen induction versus shaft thickness. In con-
trast to these results, head-to-head comparisons with topical 
minoxidil showed no statistically significant difference in TAHC 
(SMD = −0.11, 95% CI −0.50 to 0.28), with the small numerical 
advantage observed for minoxidil unlikely to be clinically mean-
ingful. Notably, heterogeneity was absent in this comparison (I2 = 
0%), indicating consistent findings across the two available trials 
and supporting a comparable effect of polyphenolic extracts and 
minoxidil on this outcome.

In contrast to the more consistent findings observed for hair 
density and total area hair count, evidence for terminal area hair 
count (TAHCt) was limited and less stable. Only two studies com-
paring polyphenolic extracts with control interventions were avail-
able, yielding an imprecise pooled estimate that did not reach 
statistical significance (SMD = 2.86, 95% CI 0.88–6.61; p = 0.13). 
Although the point estimate suggested a potentially large effect, 
interpretation is constrained by the wide confidence interval and 
extreme heterogeneity (I2 = 96.56%; Q(1) = 29.08, p < 0.001), which 
precludes clear differentiation between true treatment effects, 
methodological variability, and random error. Similarly, 

head-to-head comparisons with topical minoxidil also failed to 
demonstrate a statistically significant difference in TAHCt (SMD = 
−0.87, 95% CI −2.31 to 0.57), despite both studies numerically 
favoring minoxidil. The substantial heterogeneity observed in this 
analysis (I2 = 90.50%) further limits definitive conclusions and indi-
cates that, while polyphenolic extracts may approach minoxidil in 
overall hair count outcomes, current evidence is insufficient to 
support comparable effects on terminal hair regrowth.

In addition to evaluating overall efficacy, we also examined the 
route of administration as a potential contributor to differences in 
treatment effects. Although the route of administration may influ-
ence drug delivery and biological response, subgroup analyses did 
not identify significant differences between oral and topical poly-
phenolic interventions for either hair density or total area hair 
count, suggesting that route alone does not appear to be a pri-
mary determinant of efficacy. In fact, oral and topical formulations 
yielded identical pooled effect sizes (SMD = 0.91) for hair density, 
and formal testing confirmed the absence of between-group dif-
ferences. A similar pattern was observed for total area hair count. 
While the topical subgroup demonstrated a statistically significant 
pooled effect (SMD = 0.90) and accounted for the majority of 
available studies, formal comparison between routes did not reveal 
a significant difference, although these results should be inter-
preted with caution, as the number of oral studies available was 
very limited.

5.  Conclusion

Overall, the findings of this systematic review and meta-analysis 
support polyphenolic compounds as promising interventions for 
non-scarring alopecia, particularly androgenetic alopecia. Across 
placebo-controlled trials, polyphenolic extracts were associated 
with significant and clinically relevant improvements in hair den-
sity and total area hair counts, with large pooled effect sizes 
despite substantial heterogeneity. Head-to-head comparisons 
with minoxidil further suggest that selected polyphenolic formu-
lations may achieve comparable benefits in overall hair count, 
although evidence remains insufficient to establish equivalence 
for terminal hair regrowth, a key marker of follicular terminaliza-
tion. Notably, no meaningful differences in efficacy were observed 
between oral or topical application of the compounds, indicating 
that the route of administration alone is unlikely to be a major 
determinant of treatment response. Interpretation of these find-
ings is nevertheless limited by variability in polyphenolic compo-
sition, dosing, intervention duration, and outcome assessment, as 
well as by the relatively small number of direct comparative and 
long-term studies. Future research should prioritize adequately 
powered randomized controlled trials with standardized tricho-
scopic endpoints, longer follow-up periods, and detailed charac-
terization of polyphenol formulations to better define their 
comparative efficacy.
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