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Abstract

Background Parkinson’s disease (PD), the second most common neurodegenerative disease, has serious clinical effects.
Research on PD is increasing, but the quantity and quality of this research have not been reported.

Methods To analyze the most-cited articles on PD and provide information about developments in this field, we searched for
articles in the Web of Science for the keyword “Parkinson*” in the title. We selected the 100 most-cited articles and evaluated
information including citation number, publication time, journal, impact factor, authors, original country, institution of corre-
sponding author, and study type.

Results Citation numbers for the 100 most-cited articles ranged from 669 to 6902, with a median of 944. The 100 articles were
published from 1967 to 2009, with most appearing between 1996 and 2000 (n = 24) and 2001 to 2005 (n =27). The publications
appeared in a total of 31 journals, led by Science with 15 and the New England Journal of Medicine (NEJM) with 13. The
majority (84%) of the 100 most-cited articles had >3 authors. The articles originated from 14 countries, led by the USA (n =44)
and England (n = 17). Among the 100 most-cited articles, 24 were clinical studies, 54 were laboratory studies, 20 were reviews,
and 2 were clinical guidelines. None of these articles originated from South America, Oceania, or Africa.

Conclusions The present study provides historical perspectives on the progress of PD research and highlights trends and aca-
demic achievements in this field.
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Introduction loss of dopaminergic neurons in the substantia nigra pars
compacta [1, 2]. It is a major contributor to worsened medical
outcomes, poor quality of life, disability, and nursing home
placement [3, 4]. Medical researchers have increasingly ex-
plored the mechanisms, early recognition, and prevention of
PD. However, the PD research literature has not been ana-
lyzed to assess the quality of scientific insights in this area.

Citation analysis is an important method for determining
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the influence of an article on scientific progress as well as
evaluating the impact factor (IF) of a scientific journal [5].
The study of citation analysis may help to identify articles,
research topics, and authors of influence.[6]. Attempts have
been made to identify the most cited articles in many fields,
including neurosurgery,[7], traumatic brain injury [8], ortho-
pedics [9], radiology [10], and surgery [11]. However, no
citation analysis of PD has been published. Therefore, we
analyzed and characterized the 100 most-cited articles on
PD, to obtain an indication of the most impactful advances,
developments, and discoveries in this field during the past
century.
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Methods

In September 2017, we performed a citation search on the
bibliometric database ISI Web of Science (Philadelphia, PA,
USA) from 1900 to 2017 for articles pertaining to PD. The
search used the key term “Parkinson*” in the title (*as a wild
card character used in search string). Articles on the list were
reviewed by two independent reviewers by reading the ab-
stracts. The full texts were acquired from PubMed,
EMBASE, or ScienceDirect when necessary. Only studies
focused on PD as the main topic and published in English
were included. Articles were excluded if they were not
pertinent.

We identified and selected the 100 most-cited articles relat-
ed to PD, which were then manually reviewed by two inde-
pendent investigators using the modified approach of the
methods by Azer [12] and Lim et al. [13]. We compiled the
information on the journal name, citation number, IF, title,
number of authors, authorship (first, second, and correspond-
ing authors), publication year, and country of origin of each
article. If the authors were from multiple countries, the coun-
try of origin was deemed to be that of the corresponding
author.

Statistical analysis

Data were described by the median or interquartile range. The
Wilcoxon rank sum test and Spearman test were used to eval-
uate different indicators. All data were analyzed with SPSS
V.17 software (SPSS, Chicago, IL, USA). All probability
values were two-tailed, and statistical significance was de-
fined as p < 0.05.

Results
Citation count and publication year

A total of 75,913 articles on PD were identified in the Web of
Science core database after the initial search in the period from
1900 to present. We selected the 100 most frequently cited
articles and ranked them according to the number of citations
listed in Table 1. Citation numbers ranged from 669 to 6902,
with a median number of 944. Among them, one article was
cited more than 5000 times and 44 articles were cited more
than 1000 times. The citation index (median 58, range 22—
250) was correlated with number of the citations per article
(r=0.690, p=0.000).

The 100 most-cited articles were published between 1967
and 2010, and 51% of these papers were published between
1996 and 2005. Three articles were published before 1970 and
none of the articles was produced after 2010. The most
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productive period was 2001 to 2005, during which 27 articles
were published. However, when calculating the mean citation
number for each article, those published in 1966 to 1970 had
the largest citation number (n = 3023) (Fig. 1). The single year
with the most cited articles was 2003 (n = 10). The number of
citations was highest for the period 2001 to 2005 (31,937).
The Spearman test indicated an uptrend between the citation
index and time (» = 0.649, p <0.001). There is low correlation
between time and number of citations (»=—0.299, p =0.03),
but there was a positive correlation between time and citation
index (r=0.375, p<0.001).

Journals publishing the top 100 articles

The 100 most-cited articles on PD were published in 31 dif-
ferent journals. All the journals with more than one article are
listed in Supplemental Material 1; these were predominantly
comprehensive medical publications, led by the Science with
15 articles, followed by the New England Journal of Medicine
(NEJM) with 13. In addition, Nature, Proceedings of the
National Academy of Sciences of the United States of
America, and the Annals of Neurology contributed seven, sev-
en, and six of the most cited articles, respectively. The IFs of
the 100 most-cited articles ranged from 4.083 to 72.406. Half
of'the top 100 articles (50 articles) were published in the high-
IF journals (IF >20). The journal IF was significantly corre-
lated with the number of top 100 articles (» = 0.645, p = 0.005)
and a low correlation with the number of citations (= 0.455,
p=0.067).

Authorship, origins and institutions

A majority (84%) of the top 100 articles were produced by 3
or more authors. A list of the most frequently appearing au-
thors is presented in Supplemental Material 2. With regard to
individual contributions, A.J. Lees was the most frequently
cited author, with listings on 8 of the top 100 articles (as first
author, 1; as corresponding author, 3) and a total of 12,132
citations. Dr. Lees was followed by P. Jenner and A.E. Lang,
both of whom authored 6 of the top 100 articles, with 5425
and 5340 citations, respectively (Supplemental Material 2). A
total of 14 countries contributed to the top 100 articles. As
expected, the USA was the most productive country with 44
publications, followed by England (17), France (9), Germany
(7), and Canada (5 articles), with all other countries contrib-
uting less than 5 publications, as shown in Fig. 2. Articles
originating from the USA also had the highest number of
citations (total = 57,234). Of the top 100 articles, 8 institutions
provided three or more articles. Among them, the leading
institutions were University of London with 13 articles,
followed by the U.S. National Institutes of Health (NIH) with
6 articles and Harvard University with 5 articles
(Supplemental Material 3).
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Among the 100 most-cited articles, there were 24 clinical
studies, 54 laboratory studies, 20 reviews, and 2 clinical
guidelines (Fig. 3). The number of total citations per article
ranged from 688 to 6902 (median, 869) for clinical studies and
from 670 to 4873 (median, 1007) for laboratory studies. Of the
24 clinical articles, surgical therapies were addressed by 10
articles, medical therapies by 5, clinical function by 4, clinical
genetics by 2, case reports by 2 articles, and clinical staging by
1 article. In particular, the surgical studies focused on deep
brain stimulation (five studies), cellular transplantation (three
studies), pallidotomy (one study), and intraputaminal delivery
of glial cell-derived neurotrophic factor (GDNF) (one study).
All the reports of medical therapy were published in high-IF
journals, four in the NEJM and one in Science. We found that
8 of the 10 surgical research papers were published in high-IF
journals: 5 in the NEJM and 1 each in the Lancet, Science, and
Nature Medicine. The earliest study included in the top 100
cited articles on medical therapy was published in 1967, while
the earliest study on surgical therapy was published in 1990.
Furthermore, the studies of medical therapy had higher

Fig. 2 The top 100 articles were - g::'and
analy.ze?d in terms of their c.:ountry B France

of origin. a Number of articles I Germany
from each country. b Number of == ?::::a 17
citations for the articles from each ] Sweden
country [ other
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median citations per article than the surgical studies (median
964 vs. 856). In the laboratory studies, 18 articles used animal
models and 15 articles addressed brain pathology, 11 articles
focused on identifying genetic mutations, and 10 articles eval-
uated the cellular and molecular biology of PD. We also found
that 52% of the laboratory studies appeared in the NEJM,
Lancet, Science, or one of the Nature journals (Nature,
Nature Genetics, Nature Medicine, and Nature
Neuroscience). Among them, the articles about brain pathol-
ogy were most frequently cited (n=22,475), followed by ar-
ticles addressing genetic mutations (n =21,200).

Discussion

PD is the second most common neurodegenerative disease,
affecting approximately 1% of the population over the age
of 60 and 4% over 80 [14]. The current study is the first to
assess the characteristics of the 100 most-cited articles in the
field of PD, and it allowed us to recognize historical patterns
and trends in PD research, which has undergone considerable
change in recent years. The results may facilitate recognition
of important advances and prevalent areas of research interest
in PD and may help basic scientists and clinicians design
future research. The current study helps to identify classical
research and high-impact journals by providing information
regarding authors, institutions, and journals.

Citation analysis is a useful bibliometric method, intro-
duced in 1987, that has been widely used in various fields
and has proven to be important for both authors and journals.
For authors, citation analysis not only helps them to recognize
important research progress but also helps add useful perspec-
tives on historical developments in areas of academic interest.
For journals, data from citation analyses may attract manu-
scripts with higher citation potentials. In addition, citation
analysis may, to some extent, help researchers produce better
work. However, we must recognize that since the citation
number for any given paper is strongly influenced by the
prominence of the journal of publication, it may not have a
great relationship with the scientific merit of the manuscript
[15, 16], and at the same time, the citation number could also
be affected by factors such as the author’s geographical origin,

A I USA B
I England
[ France
9 I Germany 7862
[T Canada 20953 1351

I Japan 5411
[_]Sweden / 5826
[ other S\ 3206

12042

57234
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Fig. 3 Distributions of research type of the top 100 cited articles on
Parkinson’s disease

language, and gender [17, 18]. Although there are some dis-
advantages with evaluating the quality of the article by its
citation rating, it is still the most widely accepted current
method to determine the merits of a paper or journal [19]. At
present, more and more articles are labeled as “top cited” or
“the most cited” in various medical disciplines, but there is a
paucity of literature on citations of articles about PD.

PD, the incidence of which gradually increases with age, is
amajor global health problem that is associated with increased
medical costs and thus places a heavy burden on some com-
munities. In recent years, there have been significant changes
in strategies for the prevention, diagnosis, and treatment of
PD. Therefore, there is an urgent need to find appropriate
directions for research as well as to better design future stud-
ies. This may be accomplished through analyzing classic arti-
cles to better understand the history and development of PD
research. The current study is the first to assess the leading
article citations in PD research and will contribute to the abil-
ity of authors or readers to recognize the quality of the re-
search reports, identify the key discoveries that have been
made as a result of past efforts, and illuminate developing
trends in scientific research.

It is well established that the number of citations an
article garners is affected by the date of publication [20].
The longer the time since the article was published, the
greater the chance of being cited. However, unlike the
majority of citation analyses which report peaks between
1980 and 1995, in this analysis, the most productive pe-
riod was 1996 to 2005, which may be partially accounted
for by an increase in numbers of articles and improve-
ments in research quality. In order to overcome the impact
of the publication time on the likelihood of citation, we

also assessed the citation index as a measure of the true
impact of an article independent of short-term trends. The
results were consistent with an increase of articles and
improvements in research quality.

High-IF journals attract submissions from authors because
they not only potentially provide prominence for the research
results but also help the author get more attention. The IF of a
journal is the most important predicator for citations, and most
top-cited articles are published in high-IF journals [21, 22].
This study also confirmed that the IF was positively related to
the top 100 cited articles and the number of citations. When
taking into account the 5-year IF of the journals, 52 articles
were published in the high-IF journals (IF >20), 23 articles
were published in journals with IF between 10 and 20, and
only 12 articles were published in the low-IF journals (IF < 5).
In the clinical realm, most articles on medical and surgical
therapies were published in the highest impact general medi-
cal journal (the NEJM). And most animal and basic laboratory
studies were published in the high-IF science journals Nature
and Science. These results further validate the hypothesis that
researchers tend to cite papers from a few core journals in their
specialty [23]. In addition, the Proceedings of the National
Academy of Sciences of the United States of America and the
Annals of Neurology were the sources for several articles in
this study.

Fourteen countries contributed to the 100 most-cited arti-
cles. The USA ranked first, similar to the citation analyses in
other specialties [24-26]. This finding confirms the important
influence of the USA in the study of PD worldwide, which can
be explained by the large scientific community and enormous
financial resources available to it. Among the top 16 institu-
tions, 11 (69%) are in the USA. Moreover, although authors
usually prefer to publish in their local journals, authors in
American and European countries tended to publish in
American journals [27]. However, the leading institution for
publications in PD is the University College of London, which
published 13 of the 100 most-cited articles with 17,048 total
citations. The most frequently cited authors, A.J. Lees and P.
Jenner, were both from the University College of London and
had 8 and 6 articles that were on the list, respectively, that
reported results of laboratory studies. In addition, we found
that no authors from Africa, Oceania, or South America con-
tributed to the 100 most-cited works, which may be related to
information access, difficulties in research, and language bar-
riers in these areas, indicating a great disparity in scientific
publications between the developing and developed regions
of the world.

PD was first described in 1817, and although signifi-
cant efforts have been made during the past several de-
cades, the pathogenesis of PD remains unclear. Therefore,
the study of the pathogenesis of PD is still an area of
active interest, which is consistent with our findings that
most of the top 100 cited articles (54%) in the present

@ Springer
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study report the results of basic research. The median
citation number per basic research article was higher than
that of clinical research articles (1007 vs. 869). Among
laboratory studies, the most frequent types were descrip-
tive animal models (n = 18), followed by neuropathologi-
cal studies (n=15), characterizing genetics (n=11), and
evaluations of cellular and molecular biology (n = 10).

Research directions constantly change with time. In the
1970s, research was mainly focused on motor fluctuations
from L-dopa therapy, assessment of secondary PD, and at-
tempts to further characterize PD. In the 1980s, in addition
to the side effects of levodopa treatment, studies addressed
cognitive dysfunction, surgical transplantation of stem cells,
I-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
models, and the role of oxidative degeneration in the patho-
genesis of PD. In the 1990s, attention focused on surgical
treatments such as pallidotomy, deep brain stimulation, and
stem cell transplantation, as well as the role of gene mutations
and synuclein in the pathogenesis of disease. After 2000, the
studies tended to focus on the efficacy of deep brain stimula-
tion (DBS), the therapeutic effects of stem cells and neuro-
trophic factors, and other gene mutations such as leucine-rich
repeat kinase 2 (LRRK2), DJ-1 (protein deglycase, also
known as Parkinson disease protein 7), and PTEN-induced
putative kinase 1 (PINK1) that can also lead to PD.

Limitations

Although we attempted to rule out all possible design flaws,
there are still some limitations in the current study. First, we
applied a direct and reproducible approach that clearly limits
the references to those with “Parkinson’s disease” in the title
of the article, which may lead to omission of some publica-
tions related to the disease. For instance, papers that refer-
enced “Parkinson’s disease” in the abstract or keywords, but
not in the title, were omitted from our study. Second, despite a
meticulous search of the Web of Science, citation information
can also be obtained from Google Scholar and Scopus, which
may show different results [28, 29] and lead to some research
reports being missed. Third, this kind of study of IFs favors
earlier published articles, often excluding newly published
high-quality studies that have not had the opportunity yet to
gain sufficient citations. Fourth, the number of citations alone
cannot fully quantify the value of the contribution to the field
and may miss important, influential but less frequently cited
papers. Fifth, the effect of self-citation and citations of irrele-
vant articles can also increase the overall citation rate, and this
possibility was not addressed in the design of our study.
Finally, the language of publication was restricted to
English, which would also generate bias.

@ Springer

Conclusions

The current citation analysis dealt with most of the influential
studies on PD and presented a detailed list that will change
dynamically as the field moves forward. Our analysis has
collected a number of highly influential articles from a variety
of perspectives, including medical and surgical treatment, ba-
sic research, clinical research, and characterization and classi-
fication of the disease using pathological methods, and high-
lights the research trends and academic achievements. Our
analysis also provides an insight into the frequency of cita-
tions on PD and reveals the quality of research, discoveries,
and trends steering PD research worldwide.

Acknowledgements This work was supported by the Bureau of
Education of Jiangxi province (150972, GJJ13686), Health Department
of Jiangxi Provincial (20122032). De-qing Cai would like to thank the
Health and Family Planning Commission of Jiangxi Province
(20175559). We are grateful for the efforts of Yuan-hui Liu, MD, of the
Department of Cardiology, Guangdong Cardiovascular Institute,
Guangdong General Hospital, Guangzhou 510100, China.

Compliance with ethical standards

Conflict of interest None declared.

References

1. Lang AE, Lozano AM (1998) Parkinson's disease. Second of two
parts. N Engl J Med 339(16):1130-1143
2. Lang AE, Lozano AM (1998) Parkinson's disease. First of two
parts. N Engl J Med 339(15):1044-1053
3. Aarsland D, Larsen JP, Tandberg E, Laake K (2000) Predictors of
nursing home placement in Parkinson’s disease: a population-
based, prospective study. J] Am Geriatr Soc 48:938-942
4. Hely MA, Reid WG, Adena MA, Halliday GM, Morris JG (2008)
The Sydney multicenter study of Parkinson’s disease: the inevita-
bility of dementia at 20 years. Mov Disord 23:837-844
5. Moed HF (2009) New developments in the use of citation analysis
in research evaluation. Arch Immunol Ther Exp 57:13-18
6. Smith DR, Rivett DA (2009) Bibliometrics, impact factors and
manual therapy: balancing the science and the art. Man Ther 14:
456-459
7. YiF, MalJ, Ni W, Chang R, Liu W, Han X, Pan D, Liu X, Qiu J
(2013) The top cited articles on glioma stem cells in Web of
Science. Neural Regen Res 8(15):1431-1438
8. Dolan RS, Hanna TN, Warraich GJ, Johnson JO, Khosa F (2015)
The top 100 articles in the radiology of trauma: a bibliometric
analysis. Emerg Radiol 22(6):667-675
9. LeeS, Shin J, Haro M, Khair M, Riboh JC, Kuhns BD et al (2015)
Fifty most cited articles for femoroacetabular impingement and hip
arthroscopy. Front Surg 2:41
10. Pagni M, Khan NR, Cohen HL et al (2014) Highly cited works in
radiology: the top 100 cited articles in radiologic journals. Acad
Radiol 21:1056-1066
11. Long X, Huang JZ, Ho YS (2014) A historical review of classic
articles in surgery field. Am J Surg 208:841-849
12. LimKJ, Yoon DY, Yun EJ, Seo YL, Baek S, Gu DH, Yoon SJ, Han
A, Ku YJ, Kim SS (2012) Characteristics and trends of radiology



Neurol Sci (2018) 39:1537-1545

1545

14.

15.

16.

17.

18.

19.
20.

research: a survey of original articles published in AJR and
Radiology between 2001 and 2010. Radiology 264:796—802

Azer SA, Azer S (2016) Bibliometric analysis of the top-cited gas-
troenterology and hepatology articles. BMJ Open 6:¢009889

de Lau LM, Breteler MM (2006) Epidemiology of Parkinson’s
disease. Lancet Neurol 5(6):525-535

Eyre-Walker A, Stoletzki N (2013) The assessment of science: the
relative merits of post-publication review, the impact factor, and the
number of citations. PLoS Biol 11:¢1001675

Lariviere V, Gingras Y (2010) The impact factor’ s Matthew effect:
anatural experiment in bibliometrics. J Am Soc Inf Sci Tec 61:424—
427

Paris G, De Leo G, Menozzi P et al (1998) Region-based citation
bias in science. Nature 396:210

Stephane B (1998) Normative versus social constructivist processes
in the allocation of citations: a network-analytic model. Am Sociol
Rev 63:829-846

Adam D (2002) The counting house. Nature 415:726-729

Huang W, Wang L, Wang B, Yu L, Yu X (2016) Top 100 cited
articles on back pain research: a citation analysis. Spine 41(21):
1683-1692

21.

22.

23.

24.

25.

26.

27.

28.

29.

Garfield E (2006) The history and meaning of the journal impact
factor. JAMA 295:90-93

Fendrich V, Rothmund M (2010) Surgical research in Germany—
an international comparison. Chirurg 81:328-333

Brookes BC (1969) Bradford’s law and the bibliography of science.
Nature 224:953-956

Tsai YL, Lee CC, Chen SC, Yen ZS (2006) Top-cited articles in
emergency medicine. Am J Emerg Med 24:647-654

Murray MR, Wang T, Schroeder GD, Hsu WK (2012) The 100
most cited spine articles. Eur Spine J 21:2059-2069

Shuaib W, Khan MS, Shahid H et al (2015) Bibliometric analysis of
the top 100 cited cardiovascular articles. Am J Cardiol 115:972-981
Link AM (1998) US and non-US submissions: an analysis of re-
viewer bias. JAMA 280:246-247

Kulkarni AV, Aziz B, Shams [, Busse JW (2009) Comparisons of
citations in Web of Science, Scopus, and Google Scholar for articles
published in general medical journals. JAMA 302:1092-1096
Bakkalbasi N, Bauer K, Glover J, Wang L (2006) Three options for
citation tracking: Google Scholar, Scopus and Web of Science.
Biomed Digit Libr 3:7

@ Springer



	The 100 most-cited articles in Parkinson’s disease
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Statistical analysis
	Results
	Citation count and publication year
	Journals publishing the top 100 articles
	Authorship, origins and institutions
	Publication type

	Discussion
	Limitations
	Conclusions
	References


