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ABSTRACT
Background: In recent decades, our understanding of the pathogenesis and pathophysiology of skin photoaging has improved 
considerably, thereby enhancing preventive and management strategies. The bibliometric analysis demonstrates the chronologi-
cal trends of publications, highlighting the most influential studies related to skin photoaging.
Objective: This study aims to identify and analyze the top 100 most-cited articles related to skin photoaging to offer bibliometric 
information.
Methods: The Web of Science database was searched to obtain publications on skin photoaging. Information from the top 100 
most-cited articles was extracted and analyzed using Microsoft Excel 2019 and VOSviewer (version 1.6.18).
Results: The top 100 most-cited articles on skin photoaging received a total of 23 925 citations and an average of 239 citations 
per article. The top most-cited article received 1019 citations and 30.88 citations per article. The publication year ranged from 
1995 to 2010, with a peak period of top publications between 2001 and 2005. The Journal of Investigative Dermatology and the 
Journal of the American Academy of Dermatology published the largest number of top-cited articles. The articles originated from 
nine different countries, with The United States as the highest contributor. Fisher GJ was the most productive first author from 
the University of Michigan in the United States and published a total of three articles. A total of 62 keywords were included and 
grouped into three clusters: ‘matrix metalloproteinase’, ‘collagen’ and ‘radiation’. The article types include only reviews and 
original articles. Prevention and treatment-related studies were the most common research focus, followed by pathogenesis, 
pathophysiology, clinical features and screening methods.
Conclusion: This bibliometric analysis on skin photoaging demonstrated a major upward trend in the prevention and treatment 
of skin photoaging, which provides a foundation for future research.

1   |   Introduction

Photoaging is defined as the premature aging of the skin due to 
prolonged solar exposure, which mainly consists of ultraviolet 

radiations (UVR), visible light, and infrared rays [1]. Recently, 
visible light, especially blue light, has been reported to induce 
skin photoaging; however, UVR is also considered a major 
etiology [2, 3]. The common clinical manifestations of skin 
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photoaging include wrinkles, discoloration, telangiectasias, 
skin dehydration, and rough appearance, which are associ-
ated with the pathophysiological changes of different tissue 
cells in both the epidermis and dermis. For example, wrinkles, 
a common clinical feature of photoaging, are mainly induced 
by a decrease in dermal fibroblasts and a faster breakdown 
rate compared to the slower collagen and elastin synthesis 
rates [4].

Multiple pathways are involved in the pathogenesis of photo-
aging induced by UVR, which directly damage DNA, RNA, 
and proteins and indirectly damage these components via im-
munosuppression and inflammation, accumulation of matrix 
metalloproteinases (MMPs) and reduction of collagens [5]. 
Over the last few decades, along with the public's pursuit of 
aesthetic appearances, research on skin photoaging has been 
prevailing.

Citation analysis is the most commonly used bibliometric 
method to quantify published articles. A detailed and thorough 
bibliometric analysis of the most-cited publications could be 
utilized to highlight the development of a specific discipline 
and the future research direction of a specific field. Influential 
articles related to skin photoaging are an important source of 
evidence-based outcomes that could be identified and analyzed 
via citation analysis [6]. Multiple bibliometric analyses have 
been utilized in the field of dermatology [7]. Sun et al. [8] con-
ducted a bibliometric analysis to investigate the landscape of 
photoaging during the recent two decades. However, there is a 
lack of bibliometric analysis of the top most-cited publications 
on skin photoaging to the best of our knowledge. Therefore, this 
study aims to identify the top 100 most-cited articles in skin pho-
toaging, analyze the bibliometric information, and lay the foun-
dation for future research.

2   |   Methods

2.1   |   Searching Strategy

On May 2024, the Web of Science (WOS) database was uti-
lized for citations of all the published articles on skin photoa-
ging. No time limitation was set for the research and both the 
original articles and review articles were included. Our main 
keywords for the research “skin photoaging” or “photoaging” 
or “photoaging of skin” or “solar aging of skin” were found 
using MESH database. Keywords were searched in the title, 
abstract and keywords of the articles. Artiles were firstly as-
sessed for their suitability for inclusion by title and in case 
of ambiguity, the abstracts and full texts were also reviewed. 
The searched articles were ranked according to their citation 
count in descending order. Articles that focus majorly on ‘skin 
photoaging’ were included whereas those that focused solely 
on other topics were excluded.

2.2   |   Data Extraction and Statistical Analysis

VOS viewer was used for visualizing the network of occurrence 
of keywords in the top 100 most-cited articles. Additionally, 
we used Microsoft Excel 2019 to analyze the data from the 

WOS database and to construct the figures and tables. Two 
researchers (Yan Teng and Hui Tang) independently and care-
fully screened all the articles. They discussed the differences 
until a consensus was reached. All data were downloaded 
from the WOS database, and VOS viewer (version 1.6.18) and 
Microsoft Excel 2021were used to extract and analyze article 
information, including title, author listing, journal name (im-
pact factors), publishing year, citation count (CC), citation per 
year (CY) and country of origin. Journal impact factors were 
included in the 2022 Incites Journal Citation Reports. IBM 
SPSS Statistics 26.0 was used to apply tests of significance. 
Correlation between the impact factor and the total number of 
citations of a journal was also assessed. For all the statistical 
tests, a p-value of < 0.05 was considered significant. Ethical 
approval was not needed for the study since it was limited to 
analyzing previously published data.

3   |   Results

A total of 2868 articles were selected based on the CC. The top 
100 most-cited articles are listed in Table 1.

3.1   |   Year of Publication

The 100 articles were published between 1989 and 2019. The 
most influential articles were published from 1995 until 2010 
and approximately 33% of articles were published between 2001 
and 2005, highlighting the most productive period of influen-
tial publications in skin photoaging (Figure 1). The oldest of the 
included publications, ‘Skin ageing and photoaging—an over-
view’ by Gilchrest BA, was published in 1989. The most recent 
article ‘6-shogaol, an active constiuents of ginger prevents UVB 
radiation mediated inflammation and oxidative stress through 
modulating NrF2 signalling in human epidermal keratinocytes 
(HaCaT cells)’ was published by Feng Chen et al. in 2019.

3.2   |   Citations

The top most-cited articles on skin photoaging were cited 123 to 
1136 times, with a total of 26 855 citations and an average of 269 
citations per article. The top most-cited article was published in 
2002 by the University of Michigan in the United States and con-
ducted by Fisher, GJ et al. in the Archives of Dermatology enti-
tled ‘Mechanisms of photoaging and chronological skin ageing’. 
The article received a total of 1136 CC and a CY of 51.63.

3.3   |   Journal of Publications

A total of 56 journals published 100 articles. The Journal of 
Investigative Dermatology and the Journal of the American 
Academy of Dermatology were the two most productive jour-
nals, which published 17 and 13 articles, respectively. They 
both are recognized as high-quality journals in the field of 
dermatology with updated impact factors of 6.5 and 13.8, re-
spectively. The journals that contributed three or more pub-
lications are presented in Table  2. There was no correlation 
between the journals' impact factor and their total number 
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of citations in the list. (r = 0.555, p-value = 0.196). There was 
also no significant correlation between the journal's impact 
factor and the number of its articles in the list (r = 0.597, 
p-value = 0.157).

3.4   |   Countries, Authors, Institutes 
and Departments

Overall, the top most-cited articles originated from nine coun-
tries. The United States contributed the most, with a total of 

65 articles, followed by England with 13 articles (Figure 2). A 
total of six authors contributed to more than two articles as the 
first author. Among them, Fisher GJ was the most productive 
first author from the Department of Dermatology, University of 
Michigan Medical School in the United States, publishing a total 
of three first-author articles. The other authors include Chung JH 
(n = 2, Department of Dermatology, Seoul National University 
Hospital), M Wlaschek (n = 2, Institute for Physiological 
Chemistry I, Heinrich-Heine-University Dusseldorf), Quan 
T (n = 2, Department of Dermatology, University of Michigan 
Medical School), S K Katiyar (n = 2, Department of Dermatology, 
Case Western Reserve University, and University Hospitals of 
Cleveland) and Scharffetter-Kochanek K (n = 2, Department of 
Dermatology, University of Cologne).

3.5   |   Keywords Analysis and Research Interest

3.5.1   |   Keywords

From the top 100 articles on skin photoaging were analyzed 
using a co-occurrence network analysis tool of the VOS viewer. 
We set the minimum count of occurrences at 5. A total of 62 
keywords were included and grouped into three clusters: ‘ma-
trix metalloproteinase’, ‘collagen’ and ‘radiation’. In the matrix 
metalloproteinase cluster, the most prevailing keywords were 
‘matrix metalloproteinase’, ‘expression’, ‘irradiation’, ‘fibro-
blast’ and ‘MMP’. In the collagen cluster, the most prevailing 
keywords were ‘collagen’, ‘photoaged skin’, ‘dermis’, ‘UV irra-
diation’ and ‘epidermis’. In the radiation cluster, the most pre-
vailing keywords were ‘radiation’, ‘skin cancer’, ‘antioxidant’, 
‘protection’ and ‘oedema’ (Figure 3A).

To determine changes in the research focus over time, we as-
sessed the evolution of the most frequently occurring keywords 
(Figure 3B). Colors were assigned based on the average number 
of years the keywords appear in articles. For example, purple 
keywords appeared more than yellow keywords. The results in-
dicated that research on pathogenesis was a large area of focus 
during the early years, with a major focus on the prevention and 

FIGURE 1    |    Publication trends of the top 100 most-cited articles on skin photoaging.

TABLE 2    |    Journals that contributed 3 or more publications, with 
their impact factors and total number of articles in the list.

S.No. Journal Name
Impact 
Factor

No of 
articles

Total 
no. of 

citations

1.	The journal of 
investigative 
dermatology

6.5 17 3838

2.	Journal of the 
American Academy 
of Dermatology

13.8 13 2813

3.	Archives of 
dermatology

4.789 4 1892

4.	Photochemistry and 
photobiology

3.3 4 845

5.	Experimental 
dermatology

3.6 4 783

6.	Free radical biology 
& medicine

7.4 3 651

7.	Photodermatology, 
photoimmunology & 
photomedicine

2.6 3 598
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treatment of skin photoaging. For example, recently, there has 
been a shift towards keywords like ‘efficacy’ ‘photoprotection’ 
‘harmful effect’ ‘protection’ and among others.

3.6   |   Article Type and Research Focus

Analysis of the top most-cited 100 articles' titles and abstracts 
highlighted studies on the following research focuses: pathogen-
esis (37%), pathophysiology (8%), clinical features (6%), preven-
tion and treatment (46%) and screening tools (3%) (Figure 4). A 
total of 53 original articles and 47 reviews were included in this 
study. The pathogenesis of skin photoaging highlighted in the 
top articles mainly included cellular DNA, RNA, and protein 
damage; abnormal photooxidative stress pathway; induction of 
an inflammatory cascade; and extracellular matrix remodeling. 
The photoprotective therapies against skin photoaging included 
fractional photothermolysis, adipose-derived stem cells, topical 

acids, antioxidants like vitamin C and Vitamin E, and natural 
products.

4   |   Discussion

This bibliometric analysis of the top 100 most-cited publica-
tions on skin photoaging revealed that the most productive 
period of influential publications was between 2001 and 2006. 
Unlike other cutaneous disorders, the research peak occurred 
later, which could be attributed to the rise in economic em-
powerment and the public's pursuit of aesthetic appearances. 
Additionally, the publication of the most cited article in 2002, 
titled ‘Mechanisms of photoaging and chronological skin ageing’, 
with a total of 1136 citations, published by Fisher GJ et al. [9] 
also contributed to this increasing trend. The article reviewed 
the latest information available at that time regarding the mo-
lecular pathways that mediate skin photoaging, which became 

FIGURE 2    |    Countries that contributed to the top 100 most-cited articles.

FIGURE 3    |    Keywords analysis of the top 100 most-cited articles. (A) Network visualization map showing cluster analysis of keywords associated 
with skin photoaging; (B) Network visualization map showing the evolution of keyword frequency over time.
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a landmark in skin photoaging research. Since then, there have 
been numerous high-quality articles. The second most cited 
article, entitled ‘Fractional photothermolysis: A new concept for 
cutaneous remodeling using microscopic patterns of thermal in-
jury’ by Manstein D et al. was published in ‘Lasers in surgery and 
medicine’ with a total of 1060 citations [10]. In this article, Fisher 
GJ et al. demonstrated that repeated and multiple UVR expo-
sure led to sustained elevation of MMPs that degrade skin col-
lagen, which induced skin photoaging. Additionally, treatment 
with topical tretinoin was reported to reverse the condition.

Our analysis indicated that the majority of the most-cited articles 
were published in the Journal of Investigative Dermatology, fol-
lowed by the Journal of the American Academy of Dermatology. 
Their 2022 impact factors are 6.5 and 13.8, respectively, ranking 
high among various dermatology category journals. This high 
CC could be attributed to the high equality of articles in these 
journals or an inherent bias of researchers to select journals 
with high impact factors for citation. A total of 56 journals pub-
lished the 100 top most-cited articles. Apart from dermatology 
journals, journals focusing on toxicology, pharmacology, cell bi-
ology, biochemistry, and molecular biology have also published 
studies on skin photoaging.

Fisher GJ was the most productive first author from the 
Department of Dermatology, University of Michigan Medical 
School in the United States. The total impact factor of his arti-
cles reached 2281, and two of the articles ranked first and third, 
respectively, in the CC. These findings indicate the major contri-
bution of Fisher GJ to the specific field of skin photoaging. The 
majority of articles originated from the United States, which is 
consistent with the bibliometric analysis in other fields of der-
matology, like rosacea [11], melanoma [12] and Merkel cell car-
cinoma [13]. Notably, economic growth could be a major reason 
for this increased contribution.

The results of our co-occurrence network analysis also in-
dicate a series of keywords closely associated with the patho-
genesis, pathophysiology and prevention and treatment of skin 

photoaging. For example, long-term UV exposure results in the 
gradual accumulation of MMPs and a decrease in collagen syn-
thesis by fibroblasts in photoaged skin, ultimately leading to 
wrinkles. ‘UV’, ‘MMP’, ‘collagen’, ‘fibroblasts’ and ‘photoaged 
skin’ were identified as the most popular keywords. Keywords 
related to the photoprotective methods to prevent and treat skin 
photoaging included ‘antioxidant’ and ‘protection’. Additionally, 
‘skin cancer’ is also indicated as one of the most popular key-
words as photoaging is closely associated with photocarcino-
genesis, including actinic keratosis, basal cell carcinoma and 
malignant melanoma [14, 15]. The pathogenesis of photoaging 
and photocarcinogenesis involves direct damage to DNA and 
indirect damage through inflammation and in  vivo immuno-
suppression, accumulation of MMPs and reduction of collagens 
[5, 16, 17]. Moreover, studies on pathogenesis were observed to 
be a large area of focus during the early years, with a large shift 
towards the prevention and treatment of skin photoaging. Thus, 
along with the in-depth investigation of pathogenesis, identify-
ing and developing effective methods to prevent and treat pho-
toaging and photocarcinogenesis is crucial. Furthermore, on 
analyzing the research focus of the top 100 most-cited publica-
tions, we found that the prevention and treatment of skin pho-
toaging account for a larger number of reported studies, which 
was consistent with the results of Sun et al. [8], that also indi-
cated a landscape of photoaging, from the bench (pathophysiol-
ogy), to bedside (treatment, prevention). Among these, physical 
therapies included fractional photo thermolysis [18, 19], pulsed 
carbon dioxide laser [20] and intense pulsed light [21], which are 
clinically applied to reverse skin photoaging. An article reported 
that percutaneous collagen induction therapy [22], which aims 
to stimulate collagen production using the normal chemical cas-
cade that ensues after any trauma, has emerged as an alterna-
tive treatment for wrinkles and skin laxity. Moreover, various 
types of acids like retinoic acid [23], ferulic acid, alpha-hydroxy 
acids [24] and 5-aminolevulinic acid [21] have an inhibitory 
effect on skin photoaging by repairing the epidermal function 
and stimulating dermal collagen synthesis. A series of arti-
cles highlighted the application of oral or topical antioxidants 
against skin photoaging. Besides the traditional antioxidants 

FIGURE 4    |    Articles focus of the top 100 most-cited articles.
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like vitamin C, vitamin E [25] and coenzyme Q [10, 26], other 
natural products including 6-shogaol, an active constituent of 
ginger [27], pomegranate fruit extract, polyphenolic antioxidant 
(−)-epigallocatechin-3-gallate from green tea [28, 29], N-acetyl 
cysteine, genistein [30] and isoflavone genistein [31] have been 
reported to inhibit ultraviolet light-induced oxidative damage, 
thereby preventing skin photoaging. Recently, adipose-derived 
stem cells have been found to be effective in treating skin pho-
toaging by enhancing the secretion of type I collagen in human 
dermal fibroblasts [32].

Although we spared no effort in eliminating potential defects 
in this bibliometric analysis, our study has several limitations. 
First, bibliometric studies of the top 100 most-cited articles have 
their inherent limitations, such as over-signifying old studies by 
CC accumulation and under-signifying recently published im-
pactful articles. It must be noted at some point that this limits 
its relevance for predicting future research trends. Second, the 
reliance on CC as a measure of influence can be problematic, 
as citations do not always reflect the true quality or relevance 
of a study. CC can be influenced by the publication's journal im-
pact factor, the reputation of the author, or the popularity of the 
topic at the time of publication. In addition, CC is difficult to 
quantify public knowledge and familiarity with research find-
ings. Another metrics such as article views or altmetrics, could 
be applied in future to provide a more holistic evaluation of the 
studies' impact. Third, the literature used for bibliometric anal-
ysis was extracted only from the Web of Science, which might 
neglect some highly cited articles included in some other data-
bases (such as PUBMED, SCOPUS, and Google Scholar). The 
analysis of these databases might show different results. Finally, 
our research was limited as it only included articles published 
in English. While English-language studies dominate the field, 
there may be significant research published in other languages 
that could provide additional insights into the global under-
standing of photoaging. Future research could expand the scope 
to include studies in other languages or at least discuss the po-
tential influence of such publications on the overall landscape. 
Despite these limitations, this descriptive bibliometric study 
highlights the most reputable key publications to researchers in 
the field of photoaging.

5   |   Conclusion

Our study provides a detailed and comprehensive bibliometric 
analysis of the top 100 most-cited publications in skin photoa-
ging. Articles published between 1989 and 2019 were included 
in this study. The majority of the top 100 most-cited articles were 
published in the Journal Of Investigative Dermatology and the 
Journal of the American Academy of Dermatology. Research on 
the pathogenesis of skin photoaging was a major focus during 
the early years, with a gradual shift towards prevention and 
treatment. The majority of articles focusing on prevention and 
treatment mainly included physical therapies, various types 
of topical acids, a series of natural antioxidants, and adipose-
derived stem cells. The 100 included articles originated from 
nine countries, mostly from the United States. Fisher GJ from 
the University of Michigan in the United States was the most 
productive first author in this field, who has published the first 

and second most-cited articles. In summary, this study identified 
the top 100 most-cited articles in skin photoaging and analyzed 
their bibliometric characteristics, thereby laying the foundation 
for further research.
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