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Background

Atopic dermatitis (AD) is the leading cause of skin-related disease burden worldwide, affecting a large percentage of the population. Bibliometrics is the statistical analysis of academic literature in a certain field.



Objectives

We aimed to perform the latest bibliometric analysis of atopic dermatitis literature.



Methods

We searched the Web of Science database on 29th Nov 2021. We used the keywords “atopic dermatitis,” “atopic eczema,” and “eczema” for our search. All items published between 2001 and 2021 were included. The top 100 most cited articles were identified and analyzed.



Results

Our study provided a detailed bibliometric analysis of the top 100 most cited articles on atopic dermatitis. These articles were published between 2002 and 2019 and were from 15 different countries, mostly in the USA and Germany. Most articles have focused on the pathogenesis and treatment of AD. The Journal of Allergy and Clinical Immunology made the greatest contribution to the top 100 list, with 28 articles. The most cited article originated from Lancet. The highest number of citations was seen in 2006, with 9220 citations, while the highest number of publications was seen in 2006 with 12 publications.



Conclusions

Our study aims to provide physicians and researchers with a historical perspective for the scientific progress of atopic dermatitis, and help clinicians effectively obtain useful articles that have a significant impact on the field of atopic dermatitis.
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Introduction

Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disease, which is characterized by severe itching, dryness, and erythematous rashes (1). AD may seriously affect the quality of life of patients and their families due to intense pruritus, sleeping loss, psychosocial impact, and substantial economic burden caused by costs of medical treatment (2, 3). The prevalence of AD is approximately 20% among children and it ranges between 7% and 14% among adults (4).

The bibliometric study represents an important study type showing the main research focuses or hotspots and trend topics in a given field (5). It could provide a systematic description and visual representation of the structure of a particular field for physicians and researchers. So far, many dermatologists have published the most cited articles in the form of bibliometric analysis on topics such as hidradenitis suppurativa, rosacea, and psoriasis (6–8).

The purpose of our study was to analyze the top 100 most cited AD articles published in the biomedical literature during the last 20 years and pave the way for further investigations for AD.



Methods


Search strategy

We have compared the pros and cons for each of them based on AlRyalat et al’s study and we finally chose the Web of Science (WOS) core collection for our bibliometric analysis (9). An important reason for this choice is the availability of a precise and comprehensive description of highly cited papers and hot papers. This feature is not available in other databases. We searched the WOS core database (accessed: 2021-11-29) using the topic “eczema”, “atopic dermatitis”, and “atopic eczema” between 2002 and 2021. There were no limitations on document types or languages. The results were sorted in descending order according to the number of citations cited in the WOS. Two researchers (Lishan Zhang and Yibo Hou) independently screened the abstract to obtain qualified articles. Studies on AD or studies including AD as the main part were included in our analysis scope. Articles not relevant to AD were excluded from our analysis. Under the guidance of senior experts (Yueping Zeng and Jinlyu Sun), two researchers finally reached an agreement on the top 100 most cited articles (T100) list.



Data extraction and conversion

Data including titles, authors, countries, institutes, year of publication, journals of publication, article types, impact factors, and total citations were collected from the WOS core database to excel. The Countries and institutes were recorded based on the information of the first corresponding author. The types of articles were categorized by original research, review article, clinical trial, clinical study, and comment. Journal impact factors were derived from 2020 Journal Citation Reports. As we all know, a citation is an important metric that shows the quality and influence of an article. However, a certain amount of time should be allowed to pass after the publication of an article for it to reach a higher number of citations. In our study, the average citations per year (ACY) score was used to eliminate the time bias, which provides a fairer comparison for junior academics. ACY = citation times/(2021-publication year+1).



Bibliometric analysis

Bibliometrix R-package software, an open-source software, was used for conducting quantitative analysis in our study. R-package was developed by Aria and Cuccurullo and written in R language, which can help users without coding skills to perform bibliometric analysis (10). After installing R on our computer, data downloaded from WOS in Plain Text format was uploaded to the Biblioshiny app. The Biblioshiny interface provides us with a set of tools for conducting statistics. Besides, we classified the selected articles into four categories based on the research topic, including pathogenesis, prevention and treatment, epidemiology, and others. “Pathogenesis” includes studies on exploring the origination and development of AD; “prevention and treatment” includes studies on the prevention and treatment of AD; “epidemiology” is the study of diseases in populations, investigating how, when, and why they occur; “others” includes the studies that do not belong to the above categories.



Ethical statement

This research was designed as a bibliometric analysis of published studies and did not involve any animal experiments or unreported clinical trials of human beings. Thus, approval from an ethics committee was not required.




Results

A total of 37,937 documents were retrieved from the WOS Core Collection databases between 2002 and 2021. The top 100 most cited articles were listed in Table 1 and sorted in descending order according to the number of citations. For the study types of the T100 articles on AD, reviews accounted for 37%, followed by basic science researches 27%, clinical trials 21%, clinical studies 10%, comments 1%, and others 4%.


Table 1 | The top 100 cited articles on atopic dermatitis.




Year of publication

The top 100 most cited articles were published between 2002 and 2019. Figure 1 showed the number of articles published during these 18 years. There was a peak in the region of 2006-2009. The largest number of articles published was 12, which occurred in 2006.




Figure 1 | The number of articles published each year.





Citations

The number of citations ranged from 310 to 2814. We found that the most cited article on AD was a study conducted by Asher et al. with the following title, “Worldwide time trends in the prevalence of symptoms of asthma allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat multicountry cross-sectional surveys,” which was published in Lancet, and this article also had the second highest ACY score. The least cited article was “Loricrin and involucrin expression is down-regulated by Th2 cytokines through STAT-6”, which was published in Clinical Immunology. The annual total citations and average article citations per year are shown in Figure 2. The total number of citations was the highest in 2006, reaching 9220, and the most cited article also appeared in 2006. The average number of annual citations was constantly increasing. Additionally, we found that eight articles received more than 1000 citations, and half of them were published in Lancet and The New England Journal of Medicine.




Figure 2 | The annual total citations and average annual citations. The orange line represents the average annual citations of the published articles in different year, and the blue line represent the average total citations.





Journal of publication

The 100 articles were published across 37 different journals. The Journal of Allergy and Clinical Immunology published the most (n=28), followed by The Journal of Investigative Dermatology (n=9), The New England Journal of Medicine (n=7), and Lancet (n=6). The top 10 journals were listed in Table 2 with their impact factors and quartile scores. There were 91 articles published in journals in which the “Quartile Score” category was Q1. Of the T100 articles, 74 were published in 24 journals that had an IF>10.


Table 2 | Top 10 list of journals with published articles.





Countries and authors

The first corresponding authors of the 100 articles were from 15 different countries. According to the list, the USA (n=41) was the most contributing country, followed by Germany (n=18) and the United Kingdom (n=17) (Table 3). The highest-ranking 10 authors in the T100 cited articles were listed in Table 4. We found that Prof. Donald Leung, from the University of Colorado, produced the most top-cited articles on AD (n=12), followed by Prof. Thomas Bieber (n=10).


Table 3 | Top 10 list of geographic origin.




Table 4 | Top 10 authors with the most published articles.





Keywords analysis, co-occurrence network, and trend topics

Analysis of authors’ most used keywords is an important tool for exploring hot topics in this field and scholars’ focus. The word cloud in Figure 3 showed the frequently used keywords were asthma, filaggrin, and skin barrier besides eczema. In addition, we investigated the keywords’ co-occurrence network to reveal the connections between keywords in works of literature (Figure 4). Notably, filaggrin played an important role in the co-occurrence network. Trend topics analysis gave further insight into the trending topics in terms of keyword occurrences in AD literature over the years (Figure 5). While conducting the analysis, the following parameters were configured. The search field was set to abstract. Word minimum frequency was set to 40 and the number of words per year was set to 2. Cytokines and skin barriers were the most discussed topic between 2006 and 2013. The result also showed that dupilumab (the first biologic agent approved for patients with moderate to severe AD) became a trending topic since 2015.




Figure 3 | A visualized word cloud of frequently used keywords in the T100 list. The font size represents the number of repetitive keywords.






Figure 4 | A co-occurrence networks. Thick lines indicate a strong relationship between those keywords. Thin lines represent weak association. Keywords without connecting lines indicate that no relationship has been established.






Figure 5 | The trend topics analysis presents the hierarchical arrangement of topics in atopic dermatitis (AD) discussed by scholars per year. il, interleukin.






Discussion

AD is the most common chronic inflammatory skin disease in many developed countries (11). Recent trends have indicated that the prevalence of AD has increased in industrialized countries in recent decades and poses a significant burden on population health and healthcare settings (12). As we all know, citation analysis can provide comprehensive information about journals, institutions, and authors, which is available for identifying landmark papers and high-impact journals. Although it may not be possible to present a detailed analysis of all 100 top-cited articles, some features could be found. The bibliometric analysis can not only provide a deep insight into the most popular topics of AD in the past but also reveal the trend of AD research (13).

We found that in our T100, 36% of the articles were published less than 10 years prior, while 64% of them were more than 10 years before. However, the total ACY from 2002 to 2010 (ACY=2618) was lower than those from 2011 to 2019 (ACY=3065). It demonstrated that researchers paid more attention to AD in recent years. Although the 100 top-cited articles appeared in a total of 37 different journals, The Journal of Allergy and Clinical Immunology, Lancet, Cell, Nature, and The New England Journal of Medicine, were the main sources for nearly half of the articles (n=45). We found that core papers related to AD were published in a few top journals and these papers basically covered the overall situations of this field. This finding is consistent with Bradford’s law (14), which estimates the exponentially diminishing returns of extending a search for references in science journals and is commonly applied to determine the core journals in a specific field. Therefore, reading a few top journals could help busy dermatologists to keep updated in this field.

In addition, we noticed that all the articles with a marked influence came from developed countries. However, the latest available data from ISAAC (The International Study of Asthma and Allergies in Childhood), the largest worldwide collaborative research project, showed that AD continued to increase in prevalence specifically in developing countries, such as Latin America or South East Asia (15). Developing countries’ authors have limited involvement mainly due to the imbalance of global health resources between developed countries and developing countries (16).

The Biblioshiny app screens the themes of the literature according to the frequency of keywords in the selected literature. Sometimes it may not be able to reflect the main content of the article well. Therefore, we summarized the topic of the article manually. Articles were classified into one of the following four domains: pathogenesis, prevention and treatment, epidemiology, and others (Figure 6 and Table 1). Studies related to pathogenesis occupied the most articles (n=56). Extensive research has shed light on the multifaceted pathogenesis of the disease. Although an increasing number of studies have focused on AD, the etiology and pathogenesis of AD remain unclear. The bibliometric analysis shows that AD results from interactions among susceptibility, the environment, food allergy, skin barrier defects, gut microbial alterations, and immune disorders. Of these pathogenesis factors, the most critical one is skin barrier function. The most cited pathogenesis-related article was published in 2006, titled “Common loss-of-function variants of the epidermal barrier protein filaggrin are a major predisposing factor for atopic dermatitis”. This work demonstrated that impaired skin barrier function played a key role in the development of atopic disease. In addition, 15 articles proved that immune cells (Th2 and Th17 cells) and related cytokines (IL-31, IL-25, IL-33, and TSLP) involved in the inflammatory response played an indispensable role in AD. These findings have reflected the direction of research in the last 20 years, and will form an important basis for future research for developing new therapeutic modalities.




Figure 6 | Research topic of published research articles.



Recent developments in the understanding of AD pathogenesis have provided multiple options for treatments. In addition to the conventional therapies (application of moisturizers, topic corticosteroids, and immunosuppressants), targeted drugs including biologics and Janus kinase (JAK) inhibitors have been introduced as new options for AD. Of the T100 list, 26% were related to AD therapy. Sorting the literature in descending order of publication year, we observed that clinical trials on the safety and effectiveness of dupilumab were at the top ten list. The most cited article about dupilumab was a clinical trial published in the New England Journal of Medicine, titled “Two Phase 3 Trials of Dupilumab versus Placebo in Atopic Dermatitis”. It is only a 5-year-old article; however, it has 818 citations with an ACY score of 163.6 (rank: fifth). Dupilumab was the first biologic approved for moderate-to-severe AD and has become one of the most promising treatments for AD. Until the emergence of dupilumab, corticosteroids and immunosuppressant agents were the first-line therapies for rapid control of moderate-to-severe AD. Compared with conventional immunosuppressive therapy, dupilumab has good safety and can be used for the long-term treatment of AD (17). However, high cost may be a major consideration for dupilumab. To date, dupilumab has been approved for the remedy of type 2 immune diseases, such as asthma, and chronic rhinosinusitis with nasal polyps. Dupilumab will be used to relieve unmet clinical needs in other type 2 inflammation-related diseases (18). Furthermore, numerous biologics are now under investigation, including anti-IL-31RA monoclonal antibodies (nemolizumab) and anti-IL-13 monoclonal antibodies (tralokinumab and lebrikizumab). Besides, JAK inhibitors represent an emerging treatment option for AD. Abrocitinib, upadacitinib, and baricitinib are three oral JAK inhibitors approved for treating patients with AD, along with topical drugs ruxolitinib and delgocitinib. However, additional real-world studies are necessary to provide valuable data on the response and tolerability of these JAK inhibitors. The Global Burden of Disease has reported that skin diseases continue to be the fourth largest cause of nonfatal disease burden and AD accounts for the highest disease burden among skin diseases (19). Among the T100 list, there were fourteen articles related to the epidemiology of AD. One was a large multicenter cross-sectional survey conducted by Asher et al. and published in the Lancet, which has the highest citation number in the T100 list. Measuring the frequency of AD in a population and identifying how the disease frequency may differ over time or among subgroups are important steps in discovering potential causes and determining effective methods for prevention and care.

When we looked at the T100 list, another point of interest also caught our attention: the relationship between AD and intestinal microflora or skin microflora. Evidence suggested that skin and gut microbes might affect the course of AD. Six articles introduced research in this area. The most cited one was published in Genome Research, titled “Temporal shifts in the skin microbiome associated with disease flares and treatment in children with atopic dermatitis”. Studies indicated that an imbalance of the intestinal flora might be a factor leading to the deterioration of AD. Scientists have also proposed that the application of probiotics can regulate intestinal health by affecting the quantity and abundance of the intestinal microflora and modulating AD progression. Although several articles have described the efficacy of probiotics in AD, the exact curative effect remains uncertain.

In conclusion, this study identified the top 100 most cited articles on AD and analyzed their bibliometric characteristics, which may facilitate further research. However, there are still some shortcomings and limitations in our study. Firstly, the number of citations used did not exclude self-citations. Secondly, we only used the WOS database to conduct our research. Therefore, the list would be different if other databases were used.
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