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Abstract

Androgenetic alopecia (AGA) is a condition with a rapidly evolving research landscape. The expanding volume of AGA resear}
necessitates synthesis to identify trends and gaps. Bibliometric analysis can be used to quantify the characteristics of a body of
literature, and this technique has not been previously applied to AGA. We aimed to evaluate the bibliometric characteristics of the
top 100 most cited AGA articles over the past 50 years. This includes the analysis of contributing authorship, institutional affiliation,
journal representation, publication years, citation counts, country productivity, and funding sources, among other characteristics.
We used the Web of Science to identify and characterize the 100 most cited AGA publications between 1975 and 2024. A
secondary analysis was performed to identify and characterize the top 20 most cited AGA articles from 2020 to 2024. The top
100 articles amassed 24,289 citations. Authors from the United States contributed the most articles (n = 56). The University
of Pennsylvania contributed the most articles (n = 11). Dr Elise A Olsen and Dr George Cotsarelis were the most frequent
contributors. The Journal of the American Academy of Dermatology published the most number of articles. From 1975 to 2024,
most studies primarily discussed pathophysiology (45%) and treatment (35%). However, from 2020 to 2024, 75% of the top
articles focused on the treatment options. This bibliometric analysis provides an overview of influential AGA research over the last
50 years, highlighting shifting trends toward treatment optimization and emerging therapies.

Abbreviations: 5-AR = 5-a reductase inhibitor, AAS = Altmetric attention score, AGA = androgenetic alopecia, LLLT = low-level

laser therapy, PRP = platelet-rich plasma.
Keywords: androgenetic alopecia, bibliometric analysis

1. Introduction

Androgenetic alopecia (AGA), a condition affecting millions of
people worldwide, is recognized as the most common cause of
non-scarring alopecia.l'l Research related to AGA has signifi-
cantly evolved over the last few decades as an understanding of
its pathophysiology has led to the development of more effec-
tive treatment options. The development of pharmacological,
device-based, and surgical treatment options has collectively
contributed to the management of AGA. Established treatment
options, including 5-a reductase (5-AR) inhibitors, minoxidil,
platelet-rich plasma (PRP), low-level laser therapy (LLLT), and
hair transplantation, among other options, have undergone
extensive research and have been used in clinical practice for
years.l'l New AGA treatment options are actively being inves-
tigated, including pyrilutamide (originally named KX-826),
GT20029, and exosome therapy.>* Given the increasing vol-
ume of research related to AGA, there is a growing need to
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synthesize the expansive body of literature on AGA to identify
trends in research output, influential publications, and potential
gaps in research.

Bibliometric analysis is a scientific methodology that is
used to quantify the characteristics of a body of literature.!
Characteristics that are evaluated include measures such as
author H-index, author and article citation counts, and insti-
tutional funding sources. Quantifying these variables allows
researchers to quickly identify influential studies, prominent
authors, and emerging trends within the field to guide individ-
ual research efforts, identify opportunities for collaboration,
and determine possible sources of funding.”! Bibliometric anal-
ysis has been used to evaluate many disciplines within derma-
tology but has yet to be applied to AGA literature.l*! The aim
of this study was to evaluate the characteristics of the top 100
cited articles on the topic of androgenetic alopecia in the last 50
years. This analysis includes an evaluation of the contributing
authors, affiliated institutions, journals, years of publication,
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came from 17 different countries (Table S2, Supplemental
Digital Content, http://links.lww.com/MD/O568). The United
States contributed the highest number of articles (n=56),
followed by England (n=14) and Germany (n=12). Two
hundred twenty-eight different institutions contributed to
the top 100 articles (Table S3, Supplemental Digital Content,
http://links.lww.com/MD/O569), with the University of
Pennsylvania contributing the most (n=11), followed by
Duke University (n=7), University of California—System
(n=7), and University of Texas—System (n = 7). Thirty dif-
ferent funding agencies contributed to these articles, with
the National Institutes of Health and the United States of
America being the most common contributors (n = 14) (Table
S4, Supplemental Digital Content, http://links.lww.com/MD/
0570).

The article “The nuts and bolts of low-level laser (light) ther-
apy” by Chung et al had the highest number of average citations
per year, with an average of 67.92. Suchonwanit et al 2019 arti-
cle “Minoxidil and its use in hair disorders: a review” had the
highest AAS of 618 (Table S1, Supplemental Digital Content,
http://links.lww.com/MD/O566). The journals most frequently
represented in the top 100 list included Journal of the American
Academy of Dermatology (n = 16) and Journal of Investigative
Dermatology (n =11). New England Journal of Medicine had
the highest impact factor (96.2) and the highest article influ-
ence score (41.530) (Table S5, Supplemental Digital Content,
http://links.lww.com/MD/O571). The largest category of studies
from the top 100 list primarily discussed the pathophysiology
of AGA (45%), followed by treatment (35%), diagnosis (11%),
side effects (5%), psychosocial effects (2%), and all other topics
(2%) (Fig. 1).

The secondary analysis discussing the 20 most highly cited
articles related to AGA between 2020 and 2024 revealed that the
article titled “Targeting Wnt/B-catenin pathway for developing
therapies for hair loss” published in 2020 by Bu Young Choi in
International Journal of Molecular Sciences was the most highly
cited during this time period (Table S6, Supplemental Digital
Content, http:/links.lww.com/MD/O572). This article was
cited 111 times, averaging 28 citations per year. Journal of the
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American Academy of Dermatology was the most represented
journal during this period. The analysis of article categories
showed that 75% of studies primarily discussed treatment, fol-
lowed by pathophysiology (20%) and diagnosis (5%) (Fig. 2).
No studies in this list primarily focused on the side effects or
psychosocial effects related to AGA.

4. Discussion

This bibliometric study provides an analysis of the characteris-
tics of highly cited AGA research articles, such as contributing
authors, article citation count, AAS, and author H-index. As of
July 2024, the top 100 articles were collectively cited 24,289

Author contribution to the top 100 AGA articles.

Rank Author* # of Top 100 Publications  # of Citations  H-index
1 Olsen EA 7 8467 48
2 Cotsarelis G 6 17,178 49
3 Millar SE 5 11,925 49
4 Price VH 5 5180 38
5 Hordinsky M 4 6812 39
6 Messenger AG 4 6773 48
7 Paus R 4 41,089 107
8 Thiboutot D 4 6665 44
9 Cash TF 3 10,600 56
10 Foitzik K 3 3437 21
11 Garcovich S 3 2299 27
12 Gentile P 3 5078 46
13 Roberts JL 3 11,102 55
14 Tosti A 3 21,217 63
15 Whiting DA 3 7792 45
16 Yang ZX 3 1447 7

AGA = androgenetic alopecia.
*447 additional authors contributed to < 2 publications among the top 100 most cited articles and
were not included in this table.

Side Effects
Psychosocial Effects 2%
5%

1

Diagnosis ____——
11%

Pathophysiology _—"
45%

Other

2%

Treatment
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Figure 1. Pie chart of study categories represented in the top 100 most cited AGA publications from 1975 to 2024. AGA = androgenetic alopecia.
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times. The top-cited article, “Capturing and profiling adult hair
follicle stem cells,” was written by Morris et al in 2004. Authors
affiliated with the University of Pennsylvania contributed the
most articles. The top 2 contributing authors were Dr Elise A
Olsen from Duke University Medical Center and Dr George
Cotsarelis from University of Pennsylvania School of Medicine.
Journal of the American Academy of Dermatology published
the highest number of articles on this list. While first authors
from the United States contributed to the greatest number of
articles, first authors from 17 different countries contributed to
articles in the top 100 list, underscoring the global interest in
AGA research.

The oldest article included in the top 100 list is titled “Male
pattern baldness—classification and incidence” by Norwood,
which was published in 1975.1" This was the first ever article to
describe a classification system that could be used to assess the
progression of AGA in male patients. The Norwood—Hamilton
scale is still commonly used to assess the progression of AGA
in male patients. A newer AGA classification system, the basic
and specific classification, was developed decades later in
2007 and is more versatile because it characterizes AGA in both
male and female patients but has yet to gain widespread pop-
ularity for use in the assessment of AGA progression.!'!! The
PRECISE scale is another newly developed AGA classification
system and has been increasingly adopted by hair transplant
surgeons as a quantitative tool to classify male AGA patients
during preoperative planning.'! However, the PRECISE scale,
another new classification system for AGA, is gaining traction
specifically among hair transplant surgeons as a quantitative
tool to classify male AGA patients during preoperative plan-
ning.!"?l These new classification systems represent an advance-
ment from the qualitative categories of the Hamilton-Norwood
scale. Over the last 50 years, the focus of AGA research has
evolved substantially. The earliest studies characterized hor-
monal and genetic factors contributing to AGA.!">-1°! However,
advancement in our understanding of both the pathophysiology
and treatment of AGA has contributed to an increase in focused
research subtopics such as Wnt signaling,['’”-*! 5-AR inhibitor
use,2-21 and PRP.I24271 The first clinical trial demonstrating
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the efficacy of topical finasteride was completed in 1997.1%
Since this initial publication, many studies have evaluated the
use of 5-AR inhibitors in the treatment of AGA.!16:21:23:28-39]

Current AGA research has built upon our improved under-
standing of AGA pathophysiology to develop better pharmaco-
logic, device-based, and surgical treatments. Topical minoxidil
and LLLT are currently the only FDA approved treatments
for female AGA, while these treatments in addition to oral
finasteride are approved for male AGA.* Newer, non-FDA
approved treatments such as dutasteride, GT20029, exosome
therapy, and pyrilutamide have become more heavily researched
in recent years.>3*#] These newer treatments are promising.
For example, dutasteride has demonstrated a greater increase in
hair counts per square centimeter compared to oral finasteride
while maintaining a similar rate of side effects.[3**?! Dutasteride’s
clinical superiority to finasteride has been associated with its
improved ability to reduce hair follicle DHT compared to finas-
teride. Despite dutasteride’s success in the treatment of AGA,
only one of the top 100 articles evaluated long-term AGA out-
comes with its use.?* In contrast, multiple studies included in
this list have assessed long-term AGA outcomes with finasteride
monotherapy.l3%343

In addition to dutasteride, other emerging treatments for AGA,
such as exosome therapy, pyrilutamide, and GT20029, are begin-
ning to be researched. Exosome therapy is promising considering
that preclinical studies have revealed that exosomes contribute to
hair follicle regeneration via the delivery of proteins and mRNA,
which have been shown to activate essential signaling pathways
involved in hair growth such as the Wnt/B-catenin pathway.*!!
Pyrilutamide and GT20029 are also promising for the treat-
ment of AGA as these treatment options are both currently being
evaluated in clinical trials.3! Pyrilutamide functions as a direct
androgen receptor antagonist whereas GT20029 facilitates the
degradation of the androgen receptor using ubiquitin-mediated
proteolysis.**! Unfortunately, none of the top 100 articles discuss
exosome therapy, pyrilutamide, or GT20029. However, 2 of the
articles in our analysis from 2020 to 2024 discuss the use of exo-
somes for hair growth, indicating that research efforts are begin-
ning to target these new treatment modalities.

Diagnosis
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—_—
20%

e
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Figure 2. Pie chart of study categories represented in the top 20 most cited AGA publications from 2020 to 2024. AGA = androgenetic alopecia.
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In addition to the research trends identified in our top-cited
articles, it is important to consider emerging evidence that sug-
gests a potential causational link between androgenetic alope-
cia and COVID-19 severity.*"! Studies have suggested that AGA
may predispose patients to more severe SARS-CoV-2 infection
via an androgen mediated pathway.*d Specifically, transmem-
brane protease serine 2 is activated by androgens and has been
posited to help mediate the entrance of COVID-19 into cells
through the ACE-2 receptor. These findings warrant further
investigation and may have important implications for future
research priorities related to AGA.

Our analysis of article categories from 1975-2024 to
2020-2024 demonstrates that there is an increased focus on
research of treatment options for AGA and less focus on elu-
cidating the pathophysiology of AGA. Given the success of a
variety of treatment options, many studies have begun to com-
paratively evaluate these different treatment options, both as
monotherapy and combination therapy. Additionally, our anal-
ysis shows an increase in the number of publications evaluating
the impact of an individual treatment’s dosage on clinical out-
comes. Ultimately, this article highlights the shifting landscape
of AGA research, emphasizing a growing focus on treatment
optimization while also pointing to emerging therapies for AGA
treatment.

5. Conclusions

This is the first article to identify the most highly cited papers
in the field of AGA. Healthcare practitioners, researchers, and
policymakers can use curated landmark articles to explore the
field of AGA and understand the changing landscape of AGA
research.
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