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Abstract

Familial Mediterranean fever (FMF) is a systemic autoinflammatory disease, which presents with recurrent episodes of
fever, serositis, synovial inflammation and various different clinical features. In parallel with the geographical distribution
of FMF, the prevalence is notably higher in some population groups including Turks, Jews, Armenians and Arabs. The
aim of this study was to assess FMF articles published between 2010 and 2019 bibliometrically and to present up-to-date
data. This bibliometric research was conducted on the Scopus database. The key term "familial Mediterranean fever" was
utilized to generate the publication list. The number of articles, active countries journals, prolific authors and citation data
were determined. Visualization maps that revealed collaboration networks were also created. The number of FMF articles
displayed a stable trend between 2010 and 2019 (p > 0.05). The top five countries according to the number of articles were
Turkey (n=473; 52.90%), Israel (n=_86; 9.61%), Japan (n=39; 4.36%), Italy (n=38; 4.25%) and the USA (n=37; 4.13%.
Italy, the USA and France were ranked as the top three countries for the average number of citations per article. Rheumatol-
ogy International, Clinical Rheumatology, Clinical and Experimental Rheumatology, Annals of Rheumatic Diseases and
Pediatric Rheumatology were the top five journals according to the number of FMF articles. The geographical distribution
of FMF was seen to affect the article production of countries. Although Turkey dominated the field in the number of articles,
it was not at the forefront in the average number of citations. To increase the production of articles in the field of FMF, it is
necessary to support researchers in countries other than those which are already strongly active.
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Introduction

Familial Mediterranean fever (FMF) is the cornerstone dis-
ease of the systemic autoinflammatory disorders group and
presents with recurrent fever attacks, serositis that can occur
in different regions, synovial inflammation and various dif-
ferent clinical features [1, 2]. There is a high prevalence in
the Mediterranean region indicating a distinct geographi-
cal distribution and, consequently, Turkish, non-Ashkenazi
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Jewish, Armenian and Arab populations frequently encoun-
ter the disease. However, FMF cases also emerge in different
regions outside of this geographical distribution [3-5]. As
a result of various mutations, a defect occurs in the pyrin/
marenostrin-related MEFV gene, which is followed by acti-
vation of caspase-1 and increased secretion of interleukin-1,
which is the key cytokine of inflammation in FMF [6, 7].
Due to the ever-expanding literature, it is quite diffi-
cult for researchers to have knowledge about all the pub-
lications on a particular topic, and so bibliometric studies
have become increasingly important. Bibliometric analysis
is accepted as a reliable method for measuring scientific
productivity, revealing trend analyses and identifying pro-
ductive countries and authors by focusing on the number
of articles and citations published on a particular subject
[8, 9]. Another point emphasized in bibliometric studies is
the collaborations between countries, authors and institu-
tions in scientific production [10]. Researchers can rapidly
reach comprehensive information about a particular subject,
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determine the trends and hot topics in recent years and plan
their future research accordingly through the data provided
from bibliometric analyses [11].

Two bibliometric studies have been previously conducted
on FMF [6, 12]. While one of the studies focused on articles
from Arab countries [6], the other examined the top-100
cited articles [12]. The aim of the current study was to glob-
ally evaluate 10 years (2010-2019) of FMF articles through
the Scopus database and thereby provide data on the global
publication trend, influential authors, dominant countries
and journals. In addition, it was aimed to clarify the global
network by creating visualization maps.

Materials and methods

In this bibliometric study, the Scopus database was used to
list the articles published in the field of FMF on May 30,
2021. There are various reasons for choosing the Scopus
database. Compared to databases such as Web of Science
and Pubmed, Scopus presents a wider journal coverage.
Scopus covers the entire Medline and includes more than
23,000 indexed journals from medical and other scientific
disciplines [13]. The citation data available from Scopus is
comprehensive, and the data presented by Scopus can be
readily transferred to Microsoft Excel or VOSviewer soft-
ware with a few simple steps for bibliometric analysis and
visualization [14]. Therefore, Scopus is a frequently referred
database in bibliometric analyses and has reached a high
level of reputation in this field [15-17].

Title and/or abstract (TITLE-ABS) search was selected
and the key term "familial Mediterranean fever" was used
in the creation of the publication list [18, 19]. The article
listing strategy was limited to ‘title or abstract’ to obtain
more accurate search results, as it was noticed that if the
search strategy was expanded with different search options
such as keywords, a large number of publications not related
to FMF were listed. It has been noted that the narrowed
search strategy leads to a significant increase in specific-
ity with minimal reduction in sensitivity compared to topic
search (title—abstract—keywords) [20, 21]. The date range
was restricted to January 2010 to December 2019 and only
publications in English were included. The publication type
was selected as original article and review. Other types of
publications were excluded. Following these steps, a saved
list was created on Scopus and two researchers (BFK and
AA) reviewed the titles and abstracts to determine whether
the articles were directly related to FMF. When doubt arose
about an article, its full text was accessed and the final deci-
sion was made. Duplicate papers were identified and only
one was kept in the list. After all these processes, the remain-
ing article data were transferred to Microsoft Excel 2016
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for Windows (CSV format) and was also recorded in RIS
format.

The bibliometric determinants used to analyze FMF-
related articles were total number of articles, year of article,
country of article, journal, author and citation data. In stud-
ies with authors from multiple countries, the country of the
corresponding author was recorded as the country of the
article [22, 23]. Funding sources and authors' h index data
were obtained from Scopus. From 2010 to 2019, the number
of articles produced each year was calculated. The crite-
rion for classification as a main active country was defined
as 'producing 1% or more of the total number of articles
published from 2010 to 2019 [24, 25]. The population size
and gross domestic product (GDP) data of the main active
countries were obtained from the 'https://www.cia.gov/the-
world-factbook/countries/* website. The average number of
citations value was calculated with the formula of 'the total
number of citations -+ the total number of articles'. The five
most prolific authors, the five most active journals and top
five funding sources were also determined.

The most frequently used author keywords were obtained
from the VOSviewer software (version 1.6.16). The data
obtained from Scopus were easily processed in this software
and visualization mapping was performed. Visualizations
were created with the analyses of country co-authorship,
author co-authorship, cited source co-citation and author
keyword co-occurrence. In the VOSviewer, the visualiza-
tion maps are created by combining countries, authors, jour-
nals or keywords that have a certain number of links. The
thickness of the lines between items expresses the relative
strength of the connection between them, with a thicker line
representing a stronger connection. In addition, separate
clusters are formed and presented in similar colors [26].

Statistical analysis

Data obtained in the study were analyzed statistically using
the Statistical Package for the Social Sciences version 20.0
software (SPSS Inc., Chicago, IL, USA). The results of the
bibliometric analyses were expressed as number (n) and
percentage (%). The trend analysis based on the number of
articles between 2010 and 2019 was revealed using regres-
sion analysis. The statistical significance level was accepted
as 0.05.

Results

In the first phase, a total of 3948 FMF publications were
listed without any restrictions. After the whole inclu-
sion—exclusion process, a total of 894 articles were obtained
for bibliometric analyses (Fig. 1). Articles were provided
from 44 different countries and 13 of these met the main
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Fig. 1 Flowchart revealing the selection of FMF publications

active country criteria. The main active countries produced
91.95% (n=2824) of the articles. When the distribution of
the number of articles by years was investigated, the value
was 68 in 2010 and 85 in 2019 (Fig. 2). Trend analysis was
applied based on the number of articles published each year
from 2010 to 2019, and a stable course was determined
(p>0.05). No significant trend was detected indicating an
increase or decrease.

The top five countries according to number of articles
were Turkey (n=473; 52.90%), Israel (n=286;9.61%), Japan
(n=39; 4.36%), Italy (n=38; 4.25%) and the USA (n=37;
4.13%), respectively (Table 1). A country co-authorship
visualization map representing international collaborations
was created. Articles with authors from more than 25 differ-
ent countries were omitted and the full counting method was
selected. The minimum number of articles and citations of a
country was set to 8 and 50, respectively. These criteria were
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Fig.2 Publication trend from 2010 to 2019

met by 17 countries. Weighting was performed according to
the number of publications, and the circle size on the map
represents the number of articles (Fig. 3).

In the calculations performed according to the population
of the countries, Israel (9.79), Armenia (5.98) and Turkey
(5.73) were ranked in the first three places for the number
of articles per million population. In the GDP-adjusted
article count data, Armenia (45), Israel (23.88) and Turkey
(19.95) were the top three. The three leading countries for
the number of citations per article were Italy (36.41), the
USA (28.51) and France (27.31) (Table 1).

The five most prolific authors were Ozen S (n=53;
5.92%; from Turkey), Livneh A (n=>51; 5.70%; from Israel),
Lidar M (n=27; 3.02%; from Israel), Ben-Zvi I (n=26;
2.90%; from Israel) and Cantarini L (n=23; 2.57%; from
Italy), as presented in Table 2. The author co-authorship

Table 1 The main active countries between 2010 and 2019

Country  n (%) n? n® Total citations Average
citations
Turkey 473 (52.90) 5.73 19.95 5248 11.09
Israel 86(9.61) 9.79 23.88 1454 16.90
Japan 394.36) 031 0.74 495 12.69
Italy 38 (4.25) 0.61 1.48 1384 36.42
USA 37@4.13) 0.11 0.18 1055 28.51
France 29(3.24) 042 093 792 27.31
Iran 25(2.79) 029 245 150 6.00
Egypt 25(2.79) 023 2.11 134 5.36
Germany 18 (2.01) 0.22 040 280 15.55
Armenia 18 (2.01) 598 45 211 11.72
Greece 16 (1.78) 151 5.16 211 13.18
UK 9(1.01) 0.13 028 195 21.66
Lebanon 9(1.01) 171 10 57 6.33

n: number of articles, %: percentage

n: number of articles per million population, n°: number of articles
per $100 billion gross domestic product
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Fig.3 Country co-authorship network visualization map. Five clus-
ters were created. Cluster 1 (Germany, Greece, Israel, Italy, Neth-
erlands, Switzerland, Spain) is presented in red; Cluster 2 (China,

Table 2 Top five most prolific authors

Author n (%) Total citations Average citations Scopus
h index
Ozen S 53 (5.92) 1905 35.94 71
Livneh A 51 (5.70) 1224 24 55
Lidar M 27 (3.02) 470 17.40 31
Ben-Zvil  26(2.90) 513 19.73 15
Cantarini L 23 (2.57) 1199 52.13 49

n: number of articles, %: percentage

network visualization map is shown in Fig. 4. Prior to visu-
alization, an author's minimum number of articles and cita-
tions were set to 10 and 50, respectively, which resulted in
36 authors. Visualization was carried out according to the
number of articles produced.

Journals were ranked according to the number of articles
they published in the FMF field. The ranking was as fol-
lows: Rheumatology International (Rheumatol Int) (n=>50;
5.59%), Clinical Rheumatology (Clin Rheumatol) (n=42;
4.70%), Clinical and Experimental Rheumatology (Clin Exp
Rheumatol) (n=37; 4.13%), Annals of Rheumatic Diseases
(Ann Rheum Dis) (n=21; 2.34%), and Pediatric Rheuma-
tology (Pediatric Rheumatol) (n=20; 2.23%). Among the
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Egypt, the USA) is presented in green; Cluster 3 (France, Lebanon,
the UK) is presented in blue; Cluster 4 (Armenia, Japan) is presented
in yellow, and Cluster 5 (Iran, Turkey) is presented in purple

top five journals, Ann Rheum Dis ranked first in total cita-
tion count, average citation count and CiteScore 2019 data
(Table 3). The cited sources co-citation network visualiza-
tion map was formed. The full counting method was selected
and the minimum number of citations of a journal was set
to 150, which produced 27 journals. The visualization was
based on the total number of citations (Fig. 5).

In Vosviewer settings, 12 was entered as the minimum
number of occurrences of a keyword and 24 keywords met
this requirement. The full counting method was used and
the five most frequently used keywords were determined as
familial Mediterranean fever (occurrences =545; 40.82%),
colchicine (occurrences =97; 7.26%), fmf (occurrences =79;
5.91%), amyloidosis (occurrences =64; 4.79%), and mefv
(occurrences = 60; 4.49%). The visualization was based on
the total number of occurrences and the visualization map
is presented in Fig. 6.

Funding sources are listed by the number of studies
they supported and the top five were determined to be the
Japan Society for the Promotion of Science (n=21; Japan),
National Institutes of Health (n=8; USA), National Human
Genome Research Institute (n="7; USA), National Insti-
tute of Allergy and Infectious Diseases (n=7; USA) and
National Institute of Arthritis and Musculoskeletal and Skin
Diseases (n=5; USA).



Rheumatology International (2021) 41:2015-2023

2019

rigafite d.
tufam a.
batde.d. cant@ini |. oztugkm.a.
bilginer y.
hentgen v.
gratgau g.
akar s. OZglys. gattapo-m.
demirfgaya e.
&y ben-dhetrit e.
makdy b. ozdagan h.
gde. liveh a. belli |
kasapg@pur o. berigny: -
-
safiip s. langewitz p. feldho.
sengl s. lidagm.
-

A\ "
%, VOSviewer

Fig.4 Author co-authorship network visualization map. Five clusters
were created. Cluster 1 (10 authors) is presented in red; Cluster 2 (8
authors) is presented in green; Cluster 3 (7 authors) is presented in
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blue; Cluster 4 (2 authors) is presented in yellow, and Cluster 5 (2
authors) is presented in purple

Table 3 The five most active

. Journal n (%) Total citations Average citations CiteScore 2019*
journals
Rheumatol Int 50 (5.59) 809 16.18 35
Clin Rheumatol 42 (4.70) 522 12.42 4.0
Clin Exp Rheumatol 37 (4.13) 334 9.02 4.5
Ann Rheum Dis 21 (2.34) 1502 71.52 25.9
Pediatric Rheumatol 20 (2.23) 70 3.50 4.5
n number of articles, %: percentage
In the CiteScore 2019 calculation, the total number of citations of the articles published between 2016 and
2019 is divided by the total number of articles
Discussion the top five countries in terms of the number of articles

Bibliometric analyses present comprehensive data on
worldwide scientific productivity, publication trends, the
active countries, influential authors and citation values.
The results of this study revealed a stable trend in the num-
ber of FMF-related articles from 2010 to 2019. This situ-
ation can be explained by the low number of main active
countries and the considerably low scientific production in
this field, except for in particular countries. The fact that

produced three-quarters of the total articles supports this
view.

The top five countries in article production were Tur-
key, Israel, Japan, Italy and the USA, respectively, and this
field was indisputably dominated by Turkey in terms of
article production. In the bibliometric study conducted on
Behget, another disease with geographical distribution, it
was revealed that Turkey is the dominant country in terms
of the number of articles. Consistent with our results, Japan
and Italy ranked in the top five [27]. In another FMF-related
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Fig.5 Cited sources co-citation
network visualization map.
Three clusters were created.
Cluster 1 (14 journals) is
presented in red; Cluster 2

(10 journals) is presented in
green; Cluster 3 (3 journals) is
presented in blue
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Fig.6 Author keywords co-occurrence network visualization map.
Six clusters were created. Cluster 1 (8 keywords) is presented in red;
Cluster 2 (5 keywords) is presented in green; Cluster 3 (5 keywords)

bibliometric study, Turkey was in the first place with a sub-
stantial difference in terms of the number of articles [6]. It is
not surprising that these countries, where the prevalence of
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is presented in blue; Cluster 4 (3 keywords) is presented in gray;
Cluster 5 (2 keywords) is presented in purple and Cluster 6 (1 key-
word) is presented in pink

FMF is high, were in the top five because of the geographical
distribution of FMF. Bibliometric studies on Behget disease
also support this view. The high awareness of FMF among
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researchers in these countries may be triggering the pro-
duction of articles. Despite being outside the geographical
distribution, the USAmay have been in the top five as a result
of the high budget allocated to scientific research and the
presence of reputable researchers from all over the world.

The first three countries in the population-adjusted data
were Israel, Armenia and Turkey, and there was seen to be
a high number of articles produced by Israel and Armenia
compared to their low population sizes. Despite Turkey's
high population, the fact that it provided many articles was
effective in its entry into the list.

The three leading countries in the number of citations per
article were Italy, the USA and France. Yilmaz et al. [12]
reported top ten FMF articles according to citation rate and
and three articles each from the SA, Israel and France placed
in the list. Additionally, only one article from Turkey was
available in this list. Although the date range is different, this
data shows partial agreement with our results. This result
revealed that these three countries, which were also at the
forefront in terms of number of articles, do not compromise
on quality and reflect their general scientific development
in FMF articles.

The five most prolific authors were Ozen S (Turkey),
Livneh A (Israel), Lidar M (Israel), Ben-Zvi I ( Israel) and
Cantarini L (Italy). In the study, in which the first 100 most
cited articles in the field of FMF were evaluated, the first
authors of these articles were listed. Livneh A. had seven
articles, Ozen S. had three articles, Lidar M. had two articles
[12]. These results suggest that the authors who are at the
forefront in terms of productivity also provide articles with
high scientific impact in the field of FMF. It is expected that
the authors of the top five countries in terms of the number
of articles will be included in the list. This result suggests
that there are scientists who conduct research specifically in
the field of FMF in these countries.

The five journals that published the most articles in the
field of FMF were Rheumatol Int, Clin Rheumatol, Clin
Exp Rheumatol, Ann Rheum Dis and Pediatric Rheumatol,
respectively. In the bibliometric study on Behget disease,
Clin Exp Rheumatol (first place), Clin Rheumatol (second
place) and Rheumatol Int (fourth place) were among the top
five journals [27]. Considering the age group in which FMF
emerges, it is an expected result for a pediatric journal to be
in the top five. Unlike this, an ophthalmology journal was
in the top five in Behget Disease. The fact that the editors
of these journals prioritize FMF articles or that researchers
who produce FMF-related articles choose these journals may
explain the formation of the specified ranking. Among these
journals, Ann Rheum Dis ranked first in total citation count,
average citation count and CiteScore 2019 data, indicating
that Ann Rheum Dis is not only one of the leading journals
in the field of rheumatology, but also highly active in the
field of FMF.

The five most frequently used author keywords were
familial Mediterranean fever, colchicine, FMF, amyloidosis,
and MEFV. It is an expected result that 'familial Mediter-
ranean fever' and 'fmf" would be placed in the list because
they are the name and abbreviation of the disease. The fact
that 'colchicine’, 'amyloidosis' and 'mevf’ were in the top five
suggests that studies may have focused on FMF treatment,
complications, and etiopathogenesis.

The top five funding sources of FMF research were the
Japan Society for the Promotion of Science (Japan), National
Institutes of Health (USA), National Human Genome
Research Institute (USA), National Institute of Allergy and
Infectious Diseases (USA) and National Institute of Arthritis
and Musculoskeletal and Skin Diseases (USA). In addition
to its socioeconomic development, Japan supports research
in this area the most because it is a region where FMF is
common. This result reveals the importance and support
given by Japan to scientific research. The other four fund-
ing sources were from the USA. This result explains how
the USA is in the top five in terms of article production even
though it is not a country in the FMF geography. One of the
underlying reasons for the overall scientific development of
the USA is its significant support for research.

Conducting the study on a single database can be con-
sidered as a limitation. However, this was not considered
of great importance as Scopus offers more comprehensive
data compared to databases such as Web of Science and
Pubmed, which are frequently preferred databases in bib-
liometric analyses. Scopus has a strong reputation and reli-
ability in the scientific world. Only English articles were
evaluated throughout a 10-year period. The time frame could
have been extended, but this date range was set to be able to
provide the most up-to-date data.

Conclusion

Bibliometric analysis is an important data evaluation method
in which the global trends of scientific production on specific
topics are investigated. The results of this study showed that
the number of FMF articles displayed a stable course over
the years. To be able to create an upward trend and increase
the production of articles, there is a need for researchers in
countries other than the main active countries to be sup-
ported for FMF articles. Turkey obviously dominated the
FMF field in terms of the number of articles, and the USA
was the only country in the top five outside of the FMF
geography. However, Turkey could not reach a similar rank-
ing in the average number of citations per article. The top
three countries in the number of citations per article were
Italy, the USA and France. Rheumatol Int was the journal
with the highest number of articles published. Among the
top five journals, Ann Rheum Dis ranked first in total citation
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count, average citation count, and CiteScore 2019. Given the
geographic distribution of FMF, future studies are likely to
focus on etiopathogenesis and FMF-related genes. It is obvi-
ous that revealing the mechanisms that cause this geographi-
cal distribution will have an important place in the future of
FMF. Further studies that will enable us to understand the
autoinflammatory pathways more clearly may lead to new
treatment approaches.
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