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Abstract 
Androgenetic alopecia (AGA) is a condition with a rapidly evolving research landscape. The expanding volume of AGA research 
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-α reductase inhibitor, AAS = Altmetric attention score, AGA = androgenetic alopecia, LLLT = low-level 
laser therapy, PRP = platelet-rich plasma.
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1. Introduction
Androgenetic alopecia (AGA), a condition affecting millions of 
people worldwide, is recognized as the most common cause of 
non-scarring alopecia.[1] 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-α 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.[1] New AGA treatment options are actively being inves-
tigated, including pyrilutamide (originally named KX-826), 
GT20029, and exosome therapy.[2–4] Given the increasing vol-
ume of research related to AGA, there is a growing need to 

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.[5] 
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.[5] Bibliometric anal-
ysis has been used to evaluate many disciplines within derma-
tology but has yet to be applied to AGA literature.[6–9] 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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citation frequency, countries of origin, and funding sources of 
the top-cited articles related to AGA.

2. Methods
The Web of Science platform was used to identify the 100 most 
cited publications on AGA in the last 50 years (January 1, 1975 
to June 30, 2024). Articles were analyzed for title, authorship, 
institution, journal, year, citation count, publishing country, 
funding status, citation index, Altmetric attention score (AAS), 
impact factor, Eigenfactor score, and article influence score. All 
articles were categorized into AGA-relevant subtopics: patho-
physiology, diagnosis, treatment, side effects, psychosocial 
effects, and an “other” category for those that did not fit the 
listed categories.

The search was conducted on July 1, 2024. The exact search 
methodology used to identify the top 100 most cited research 
articles on AGA published between 1975 and 2024 utilized is 
provided: “androgenetic alopecia” OR “androgenic alopecia” 
OR “hair loss” OR “pattern baldness” OR “common bald-
ness” OR (“minoxidil” OR “finasteride” OR “dutasteride” 
OR “GT20029” OR “pyrilutamide” OR “rosemary” OR “saw 
palmetto” OR microneedle* OR “red light” OR “low level 
laser therapy” OR “low-level laser therapy” OR “LLLT” OR 
“PRP” OR “platelet-rich plasma” OR “dihydrotestosterone” 
OR “DHT” OR androgen* OR “5-α reductase” OR “5α reduc-
tase”) AND (hair* OR alopecia* OR bald*). The search resulted 
in 14,867 articles. These articles were then ordered by citation 
number from highest to lowest, and the full text was manually 
screened to determine whether each article was investigating 
AGA in any context, including but not limited to the patho-
physiology, diagnosis, treatment, treatment side effects, and 
psychosocial effects related to AGA. Articles discussing the gen-
eral physiology of hair growth or the general pathophysiology 
of hair loss were included as long as they also discussed AGA. 
Articles in which AGA was mentioned as a diagnosis secondary 
to an associated medical condition were excluded from analysis. 
To assess insights regarding recent AGA related publications, the 
authors conducted an identical subsequent analysis that identi-
fied and characterized the top 20 most cited articles from the 
last 5 years (January 1, 2020 to June 30, 2024) using the same 
search parameters. The search resulted in 4804 articles. Previous 
bibliometric analyses evaluating other dermatology topics have 
implemented similar analysis.[6] This study used public data that 
did not involve human subjects, and therefore did not require 
Institutional Review Board approval.

3. Results
We identified the top 100 cited articles among the 14,106 arti-
cles that met the initial search criteria (Table S1, Supplemental 
Digital Content, http://links.lww.com/MD/O566). The top 100 
articles ranged between 140 and 1019 citations per article (mean 
of 243 times, median of 186 times) for a combined 24,289 total 
number of citations. The average number of citations per year 
was also calculated, ranging between 4.2 and 67.9 (mean of 
13.6, median of 10.4). Most articles were published in 2002 and 
2004 (Figures S1 and S2, Supplemental Digital Content, http://
links.lww.com/MD/O567). The most cited article over the last 
50 years was “Capturing and profiling adult hair follicle stem 
cells,” authored by Rebecca J. Morris, Yaping Liu, Lee Marles, 
Zaixin Yang, Carol Trempus, Shulan Li, Jamie S. Lin, Janet A. 
Sawicki, and George Cotsarelis (Table 1). It was published in 
Nature Biotechnology in 2004 and has been cited 1019 times 
and averages 48.52 citations per year.

A total of 463 different authors contributed to the publi-
cation of the top 100 articles (Table 2). The most common 
contributors to this list were Dr Elise A Olsen (n = 7) and Dr 
George Cotsarelis (n = 6). The primary author contributions T

a
b

le
 1

Li
st

 o
f 

to
p

 1
0 

m
o

st
 c

it
ed

 A
G

A
 a

rt
ic

le
s.

Ra
nk

Ti
tle

Au
th

or
s

Jo
ur

na
l

Pu
bl

ic
at

io
n 

ye
ar

To
ta

l 
ci

ta
tio

ns
Av

er
ag

e 
pe

r y
ea

r
Al

tm
et

ric
 

sc
or

e

1
Ca

pt
ur

in
g 

an
d 

pr
ofi

lin
g 

ad
ul

t h
ai

r f
ol

lic
le

 s
te

m
 c

el
ls

M
or

ris
, R

J;
 L

iu
, Y

P;
 M

ar
le

s,
 L

; Y
an

g,
 Z

X;
 T

re
m

pu
s,

 C
; L

i, 
SL

; L
in

, J
S;

 S
aw

ic
ki

, J
A;

 
Co

ts
ar

el
is

, G
Na

tu
re

 B
io

te
ch

no
lo

gy
20

04
10

19
48

.5
15

2
Th

e 
bi

ol
og

y 
of

 h
ai

r f
ol

lic
le

s
Pa

us
, R

; C
ot

sa
re

lis
, G

Ne
w 

En
gl

an
d 

Jo
ur

na
l o

f M
ed

ici
ne

19
99

89
8

34
.5

63
3

Th
e 

nu
ts

 a
nd

 b
ol

ts
 o

f l
ow

-le
ve

l l
as

er
 (l

ig
ht

) t
he

ra
py

Ch
un

g,
 H

oo
n;

 D
ai

, T
ia

nh
on

g;
 S

ha
rm

a,
 S

ul
bh

a 
K;

 H
ua

ng
, Y

in
g-

Yi
ng

; C
ar

ro
ll,

 J
am

es
 D

; 
Ha

m
bl

in
, M

ic
ha

el
 R

An
na

ls 
of

 B
io

m
ed

ica
l E

ng
in

ee
rin

g
20

12
88

3
67

.9
16

8

4
W

nt
-d

ep
en

de
nt

 D
e 

No
vo

 h
ai

r f
ol

lic
le

 re
ge

ne
ra

tio
n 

in
 

ad
ul

t m
ou

se
 s

ki
n 

af
te

r w
ou

nd
in

g
Ito

, M
ay

um
i; 

Ya
ng

, Z
ai

xin
; A

nd
l, 

Th
om

as
; C

ui
, C

hu
nh

ua
; K

im
, N

oo
ri;

 M
illa

r, 
Sa

ra
h 

E;
 

Co
ts

ar
el

is
, G

eo
rg

e
Na

tu
re

20
07

79
6

44
.2

36

5
M

ol
ec

ul
ar

 m
ec

ha
ni

sm
s 

re
gu

la
tin

g 
ha

ir 
fo

llic
le

 
de

ve
lo

pm
en

t
M

illa
r, 

SE
Jo

ur
na

l o
f I

nv
es

tig
at

ive
 D

er
m

at
ol

og
y

20
02

73
3

31
.9

16

6
Ti

ss
ue

 d
is

tri
bu

tio
n 

an
d 

on
to

ge
ny

 o
f s

te
ro

id
 5

- 
al

ph
a-

re
du

ct
as

e 
is

oz
ym

e 
ex

pr
es

si
on

Th
ig

pe
n,

 A
E;

 S
ilv

er
, R

I; 
Gu

ile
ya

rd
o,

 J
M

; C
as

ey
, M

L;
 M

cC
on

ne
ll,

 J
D;

 R
us

se
ll,

 D
W

Jo
ur

na
l o

f C
lin

ica
l I

nv
es

tig
at

io
n

19
93

60
1

18
.8

15

7
An

dr
og

en
 e

xc
es

s 
in

 w
om

en
: e

xp
er

ie
nc

e 
w

ith
 o

ve
r 

10
00

 c
on

se
cu

tiv
e 

pa
tie

nt
s

Az
ziz

, R
; S

an
ch

ez
, L

A;
 K

no
ch

en
ha

ue
r, 

ES
; M

or
an

, C
; L

az
en

by
, J

; S
te

ph
en

s,
 K

C;
 

Ta
ylo

r, 
K;

 B
oo

ts
, L

R
Jo

ur
na

l o
f C

lin
ica

l E
nd

oc
rin

ol
og

y 
& 

M
et

ab
ol

ism
20

04
54

4
25

.9
12

8
M

al
e 

pa
tte

rn
 b

al
dn

es
s—

cl
as

si
fic

at
io

n 
an

d 
in

ci
de

nc
e

No
rw

oo
d,

 O
T

So
ut

he
rn

 M
ed

ica
l J

ou
rn

al
19

75
51

8
10

.4
23

9
Cl

as
si

fic
at

io
n 

of
 ty

pe
s 

of
 a

nd
ro

ge
ne

tic
 a

lo
pe

ci
a 

(c
om

-
m

on
 b

al
dn

es
s)

 o
cc

ur
rin

g 
in

 fe
m

al
e 

se
x

Lu
dw

ig
, E

Br
iti

sh
 J

ou
rn

al
 o

f D
er

m
at

ol
og

y
19

77
50

4
10

.5
13

10
Fi

na
st

er
id

e 
in

 th
e 

tre
at

m
en

t o
f m

en
 w

ith
 a

nd
ro

ge
ne

tic
 

al
op

ec
ia

Ka
uf

m
an

, K
D;

 O
ls

en
, E

A;
 W

hi
tin

g,
 D

; S
av

in
, R

; D
eV

ille
z, 

R;
 B

er
gf

el
d,

 W
; P

ric
e,

 V
H;

 
Va

n 
Ne

st
e,

 D
; R

ob
er

ts
, J

L;
 H

or
di

ns
ky

, M
; S

ha
pi

ro
, J

; B
in

ko
w

itz
, B

; G
or

m
le

y, 
GJ

Jo
ur

na
l o

f t
he

 A
m

er
ica

n 
Ac

ad
em

y 
of

 
De

rm
at

ol
og

y
19

98
46

5
17

.2
16

4

AG
A 

=
 a

nd
ro

ge
ne

tic
 a

lo
pe

ci
a.

http://links.lww.com/MD/O566
http://links.lww.com/MD/O567
http://links.lww.com/MD/O567


3

Sawar et al.  •  Medicine (2025) 104:12� www.md-journal.com

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/
O570).

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/β-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 

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 

Table 2

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.

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.[10] 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.[11] 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.[11] 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.[12] 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.[13–16] 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,[17–19] 5-AR inhibitor 
use,[20–23] and PRP.[19,24–27] The first clinical trial demonstrating 

the efficacy of topical finasteride was completed in 1997.[12] 
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.[40] Newer, non-FDA 
approved treatments such as dutasteride, GT20029, exosome 
therapy, and pyrilutamide have become more heavily researched 
in recent years.[2,3,34,41] 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.[34,42] Dutasteride’s 
clinical superiority to finasteride has been associated with its 
improved ability to reduce hair follicle DHT compared to finas-
teride.[43] 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.[34] In contrast, multiple studies included in 
this list have assessed long-term AGA outcomes with finasteride 
monotherapy.[32,34,35]

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/β-catenin pathway.[41] 
Pyrilutamide and GT20029 are also promising for the treat-
ment of AGA as these treatment options are both currently being 
evaluated in clinical trials.[2,3] Pyrilutamide functions as a direct 
androgen receptor antagonist whereas GT20029 facilitates the 
degradation of the androgen receptor using ubiquitin-mediated 
proteolysis.[44] 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.

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.[45] Studies have suggested that AGA 
may predispose patients to more severe SARS-CoV-2 infection 
via an androgen mediated pathway.[46] 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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