
Abstract  
Cystic fibrosis (CF), a multisystem disease primarily affecting 

the lungs, arises due to pathogenic mutations in the CF transmem-

brane conductance regulator (CFTR) gene. This study embarked on 
a bibliometric analysis to survey the use of CFTR modulators in CF 
treatment. 

Utilizing the Scopus database, a comprehensive search was exe-
cuted, incorporating terms related to CF and CFTR modulators. 
Various document types up to July 19, 2023, were included, with 
citation counts forming the basis of our analyses. Trends, contribu-
tor countries, leading institutions, top authors, journals, keywords, 
and annual citation trends were evaluated. 

Our search retrieved 2317 records, predominantly articles. The 
United States dominated in both publications and citations, fol-
lowed by the United Kingdom. The University of Alabama, 
Birmingham, and Vertex Pharmaceuticals, Boston, were among the 
top institutions. Rowe S.M. was identified as a top-cited author. The 
Journal of Cystic Fibrosis emerged as the leading journal in terms 
of publication volume, while the New England Journal of Medicine 
had the highest citation count. The most-cited article addressed a 
CFTR potentiator’s efficacy in patients with the G551D mutation. 
The keyword “Cystic fibrosis” appeared most frequently. 

This bibliometric analysis underscores the significant research 
focus on CF, especially concerning CFTR modulators. The results 
highlight the pivotal role of certain countries, institutions, authors, 
and journals in the progression of CF research, offering insights into 
current trends and future research directions. 

 
 

Introduction 
Cystic fibrosis (CF) is a multisystem disease that affects the 

lungs, digestive system, sweat glands, and reproductive tract. The 
primary mechanism is an abnormality in the transfer of sodium and 
chloride across secretory epithelia caused by pathogenic mutations 
of the CF transmembrane conductance regulator (CFTR) gene, 
resulting in viscous, thickened secretions in the pancreas, intestines, 
biliary tract, and reproductive system [1,2].  

Progressive lung disease continues to be the leading cause of 
morbidity and mortality for the vast majority of patients, even 
though the illness is systemic. Findings of genetic and/or functional 
abnormalities of the CFTR gene provide the basis for the diagnosis 
of CF. One in every 3200 white Americans, one in every 10,000 
Hispanic Americans, one in every 10,500 native Americans, one in 
every 15,00 black Americans, and one in every 30,000 Asian 
Americans in the United States are estimated to suffer from CF 
[3,4]. CF is increasingly recognized worldwide, not only in North 
America, Europe, and Australia (regions most familiar with CF) but 
also in South and East Asia, Africa, and Latin America, although the 
known prevalence in these regions is lower [5-8].  

The diagnosis of CF is established based on consistent clinical 
symptoms and biochemical or genetic confirmation [9-11]. The 
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primary method of laboratory confirmation is the sweat chloride 
test; however, in some circumstances, tests for particular muta-
tions, nasal potential differences, immunoreactive trypsinogens, 
stool fecal fat, or pancreatic enzyme secretion are additionally 
important.  

A class of medications known as CFTR modulators works by 
enhancing the production, intracellular processing, and/or activity 
of the CFTR protein, which is inadequate in individuals who have 
CF. Because they concentrate on the generation or function of the 
mutant CFTR protein rather than its aftereffects, these medica-
tions offer an exceptional advancement in the treatment of CF 
[12]. Elexacaftor-tezacaftor-ivacaftor, a triple combination, is the 
most used approved modulator. Ivacaftor monotherapy and the 
dual regimens of tezacaftor and ivacaftor, as well as lumacaftor 
and ivacaftor, are further approved modulators. The CFTR gene 
mutations in a particular patient determine their indications and 
efficacy. Ivacaftor, an oral medication with a small molecular 
weight, was created especially to treat individuals who have the 
G551D mutation in at least one CFTR gene. The G551D mutation, 
which affects 4.4% of CF patients, is referred to as a “gating muta-
tion” because it interferes with the regulated opening of the ion 
channel that the CFTR protein creates [13,14]. 

In this study, we used a bibliometric analysis to survey the liter-
ature related to the use of CFTR modulators in the treatment of CF. 

 
 

Methods 
Data collection and retrieval methods 

We queried the Scopus database using the term “cystic fibrosis” 
and mutation-related terms like “CFTR”, “phe508del”, and 
“deltaphe508-cftr”, in addition to terms related to CFTR modulators 
such as “CFTR/Pharmacology”, “CFTR/Therapeutic use”, “teza-
caftor”, “ivacaftor”, and “elexacaftor”. The titles and abstracts were 
searched for these terms. The search algorithm was as follows: 
TITLE-ABS-KEY (cystic AND fibrosis OR (“Cystic Fibrosis/drug 
therapy” AND cftr OR phe508del OR deltaphe508-cftr OR (“Cystic 
Fibrosis Transmembrane Conductance Regulator/antagonists and 
inhibitors” OR “Cystic Fibrosis Transmembrane Conductance 
Regulator/drug effects” OR “Cystic Fibrosis Transmembrane 
Conductance Regulator/genetics” OR “Cystic Fibrosis 
Transmembrane Conductance Regulator/pharmacology” OR 
“Cystic Fibrosis Transmembrane Conductance Regulator/therapeu-
tic use”)) AND (tezacaftor OR ivacaftor OR elexacaftor)). 

Articles with missing information or retracted articles were 
excluded if present. All document types were included: articles, 
reviews, conference papers, letters, notes, editorials, short surveys, 
book chapters, and errata. Non-English written articles were also 
included. The search query was done up to the 19th of July 2023. 

 
Data analysis 

Primarily, citation count was the basis of our analyses. We 
analyzed annual trends, countries, institutions, authors, journals, 
articles, and keywords. Tables and figures were generated using 
Microsoft Excel from Office 365 (Microsoft Corp., Redmond, 
WA, USA), VOSViewer (version 1.6.18), and IBM SPSS 
Statistics (Version 27). Included and excluded studies were 
demonstrated by a flow chart. In the keyword analysis, keyword 
occurrences were limited to a minimum of 100 occurrences. We 
also manually removed words that implied the study design such 
as such as “clinical trial”, “retrospective study”, and “case-con-

trol”, and redundant words such as “human”, “male”, “female”, 
and “adult”. We analyzed annual trends by calculating the number 
of publications in 5-year intervals up to 2023, and the mean [± 
standard deviation (SD)] number of citations for all the documents 
in each group. 

 
 

Results 
Included studies 

All documents were included, with a total of 2317 records. 
Most documents were articles (n=1313), and others were reviews 
(n=425), or notes, letters, errata, editorials, conference papers, book 
chapters, or short surveys (n=517). A total of 62 documents were of 
unknown type (Figure 1). 

 
Countries 

We presented a list of the top-contributing countries in terms of 
documents published and citations earned (Table 1). The United 
States leads with 1039 documents and 32,098 citations. The United 
Kingdom follows with 357 documents and 13,824 citations. 
Canada, Australia, and Germany make up the rest of the top five 
contributing countries. The visualization of country contributions 
and interconnections is shown in Figure 2. 

 
Institutions 

In Supplementary Table 1, institutions are ranked according to 
the number of publications and citations. The University of 
Alabama at Birmingham leads with 120 publications and 10,993 
citations. Other highly contributing institutions include Vertex 
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Figure 1. Flow chart of search results and exclusion criteria.



Pharmaceuticals, Boston, and the University of Washington, Seattle, 
both in the United States. In terms of citations, Vertex 
Pharmaceuticals, Boston, leads with 11,300 citations, followed by 
the University of Alabama at Birmingham. 

 
Authors  

The list of the top 15 most cited authors was led by Rowe S.M., 
affiliated with the University of Alabama at Birmingham, with 83 
documents and 8351 citations (Table 2). McKone E.F., Ramsey 
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Table 1. Publications and citations of the top-contributing coun-
tries. 

Country                            Documents               Citations 
United States                                 1039                           32,098 
United Kingdom                            357                            13,824 
Canada                                            208                            12,451 
Australia                                         156                             8709 
Germany                                         191                             8609 
Republic of Ireland                         95                              8493 
France                                             173                             7201 
Belgium                                           75                              5192 
Netherlands                                    101                             4468 
Italy                                                 180                             3850 
Czech Republic                               23                              3459 
Israel                                                46                              1973 
Portugal                                           40                              1161 
Switzerland                                     42                              1135 
India                                                17                                738 
New Zealand                                  11                                638 
Spain                                               49                                631 
Russia                                             23                                515 
South Africa                                     8                                 484 
Singapore                                         3                                 471 
Argentina                                         1                                 454 
Hungary                                          11                                419 
China                                               32                                391 
Japan                                               16                                303 
Sweden                                           20                                287

Figure 2. Countries visualization.

Table 2. Top 15 most cited authors. 

Author                             Documents               Citations 
Rowe S.M.                                      83                               8351 
Mckone E.F.                                   34                               6318 
Ramsey B.W.                                  29                               5691 
Konstan M.W.                                25                               4351 
Elborn J.S.                                      29                               4170 
Tullis E.                                          15                               4136 
Ratjen F.                                          40                               3931 
Waltz D.                                          18                               3844 
Wainwright C.E.                             17                               3640 
Davies J.C.                                      47                               3112 
Marigowda G.                                13                               3099 
Taylor-Cousar J.L.                          39                               2872 
Mall M.A.                                       36                               2786 
Simard C.                                         9                                2709 
Munck A.                                        12                               2592



B.W., Konstan M.W., and Elborn J.S., and others follow in terms of 
the number of citations received. A visualization of the authors’ col-
laboration network is shown in Figure 3. A more thorough list of 
authors is displayed in Supplementary Table 2. 

 
Journals 

In Table 3, the journals are ranked by the number of publica-
tions and citations. The Journal of Cystic Fibrosis has the highest 
number of publications at 336 and is the second most cited journal. 
The New England Journal of Medicine, with fewer publications 
(27), has the highest number of citations. Figure 4 demonstrates the 
citation network of the top journals. 

 
Top-cited articles 

Supplementary Table 3 presents the top 10 most cited articles, 
the first of which is “A CFTR potentiator in patients with CF and 
the G551D mutation” by Ramsey B.W., cited 1676 times. 

 
Key words  

Table 4 highlights the top 20 most frequently occurring key-
words in the document set. “Cystic fibrosis” appears most frequent-
ly, with 2179 occurrences, followed by “Ivacaftor” (1798 occur-
rences) and “Cystic fibrosis transmembrane conductance regulator” 
(1551 occurrences) (Figure 5). 

 
Annual trends 

In Supplementary Table 4, citation trends over time are present-
ed. The period between 2010 and 2015 had a higher average number 
of citations per document (mean=38.0, SD=112.4) than the periods 

of 2016-2020 (mean=26.1, SD=59.8) and 2021-2023 (mean=6.35, 
SD=13.0) (Supplementary Figure 1). 

 
 

Discussion 
CF is an incurable, lethal autosomal recessive disease in 

which most patients survive to adulthood [15]. Many organs are 
affected by this disease, but the most severely affected are the 
lungs [16]. More than 1000 new cases are being diagnosed every 
year with CF. It is noteworthy to understand the mechanism by 
which this disease occurs, the role of genetics, and other factors 
that increase its incidence to develop early screening approaches, 
integrated treatment methods, and improve the patient’s quality of 
life [17].  

As this disease has taken the interest of many foundations and 
funding companies, the prognosis has improved significantly from 
its first diagnosis. Moreover, advancements in the treatment and 
management of CF have resulted in a significant rise in patient life 
expectancy, enabling individuals to lead healthier lives and actively 
participate in the labor force, which in turn improves their quality of 
life [18]. Our aim in conducting this bibliometric study is to assess 
the research landscape, identify key contributors, and understand 
the dissemination of knowledge in the CF field. 

A previously published bibliometric study was conducted on 
a European population with non-communicable respiratory dis-
eases (CF was one of them), in which the papers included were 
the most cited in the Web of Science (WoS), covering articles 
and reviews from 2002 up to 12 years [19]. In contrast with our 
study, our research focuses on CF and utilizes the Scopus data-
base to include a diverse range of document types, resulting in a 
more extensive and current assessment of the literature. 
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Figure 3. Visualization of the most cited authors.
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Table 3. Number of publications and citations for the most cited journals. 

Journal – Publication count sorted                                                                                    Publications                      Citations 
Journal of Cystic Fibrosis                                                                                                                                  336                                       5351 
Pediatric Pulmonology                                                                                                                                       109                                       1082 
American Journal of Respiratory and Critical Care Medicine                                                                          94                                        3831 
The Lancet Respiratory Medicine                                                                                                                      54                                        3199 
European Respiratory Journal                                                                                                                            46                                         933 
International Journal of Molecular Sciences                                                                                                      41                                         316 
Frontiers In Pharmacology                                                                                                                                 38                                         697 
Annals of the American Thoracic Society                                                                                                         34                                         798 
Paediatric Respiratory Reviews                                                                                                                          32                                         257 
Chest                                                                                                                                                                    28                                        1129 
New England Journal of Medicine                                                                                                                     27                                        6159 
Thorax                                                                                                                                                                 25                                         526 
American Journal of Physiology - Lung Cellular and Molecular Physiology                                                 23                                         525 
Journal of Personalized Medicine                                                                                                                      22                                         149 
ERJ Open Research                                                                                                                                            21                                         231 
Journal – Citation sorted                                                                                                     Publications                      Citations 
New England Journal of Medicine                                                                                                                     27                                        6159 
Journal of Cystic Fibrosis                                                                                                                                  336                                       5351 
American Journal of Respiratory and Critical Care Medicine                                                                          94                                        3831 
The Lancet Respiratory Medicine                                                                                                                      54                                        3199 
Nature Medicine                                                                                                                                                  10                                        1441 
Chest                                                                                                                                                                    28                                        1129 
Pediatric Pulmonology                                                                                                                                       109                                       1082 
Science Translational Medicine                                                                                                                          10                                        1006 
European Respiratory Journal                                                                                                                            46                                         933 
The Lancet                                                                                                                                                           12                                         847 
Annals of the American Thoracic Society                                                                                                         34                                         798 
Frontiers in Pharmacology                                                                                                                                  38                                         697 
Nature Reviews Genetics                                                                                                                                     1                                          584 
Thorax                                                                                                                                                                 25                                         526 
American Journal of Physiology - Lung Cellular and Molecular Physiology                                                 23                                         525

Table 4. Top 20 most occurring keywords. 

ID        Keywords                                                                                                      Occurrences 
1            Cystic fibrosis                                                                                                                        2179 
2            Ivacaftor                                                                                                                                 1798 
3            Cystic fibrosis transmembrane conductance regulator                                                        1551 
4            Genetics                                                                                                                                  928 
5            Aminophenols                                                                                                                        829 
6            Aminophenol derivative                                                                                                        788 
7            Quinolones                                                                                                                             723 
8            Forced expiratory volume                                                                                                      687 
9            Quinolone derivative                                                                                                              686 
10          Gene mutation                                                                                                                        685 
11          Lumacaftor                                                                                                                             659 
12          Mutation                                                                                                                                 650 
13          Ivacaftor plus lumacaftor                                                                                                       522 
14          Tezacaftor                                                                                                                               479 
15          Lung function                                                                                                                         469 
16          Benzodioxoles                                                                                                                        462 
17          1,3 benzodioxole derivative                                                                                                   461 
18          CFTR protein                                                                                                                         443 
19          Drug efficacy                                                                                                                          437 
20          Metabolism                                                                                                                             411



By encompassing articles, reviews, conference papers, editori-
als, book chapters, and meeting abstracts until July 19, 2023, our 
study captures the latest and most influential publications in the 
field of CF. Furthermore, we comprehensively explored the cor-

relations between the citations and different factors such as pub-
lication year, authors’ countries, document types, and journals 
that shed light on emerging trends and citation patterns within 
CF research. In addition, our study focused solely on CF for 
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Figure 4. Visualization of the most cited journals.

Figure 5. Visualization of the most occurring keywords and their interconnection across the years.



which provides valuable insights that were previously unavail-
able, and makes it an exceptional resource for researchers, clini-
cians, and decision-makers in the CF field.  

Another bibliometric study that discussed CF as a COVID-
19-associated effect included studies extracted from WoS up to 
July 12, 2022, and reported that CF had the 6th rank with 110 
occurrences, suggesting a strong association of COVID-19 and 
CF as one of its possible adverse events. In addition, their jour-
nal-wise analysis reported that The Journal of Cystic Fibrosis 
was the top journal in terms of the most published papers on 
post-COVID-19 fibrosis, which further supports their correla-
tion [20]. It is critical to understand and consider these findings 
for the development of therapeutic approaches and a better 
understanding of the pathophysiology of the emergence of the 
disease.   

The early screening and diagnosis of CF is a crucial step in 
improving the prognosis. This has been reported by Bell et al. in 
a study that was included in our analysis, which discussed how 
the development of diagnostic methods has contributed to 
improved outcomes for patients. In addition, it is important to 
manage the symptoms according to the different disease stages 
and age groups [21]. These findings were also supported by 
Cutting et al. in a study that was one of the topmost cited arti-
cles. They reported that, in addition to the fact that early screen-
ing of newborns and population groups allows for proactive 
management of individuals affected by CF right from birth, ana-
lyzing genomic variations will offer insights into the expected 
trajectories for each patient. Genetics has been and will remain 
pivotal in ensuring a better and more normal lifespan for those 
living with CF [22]. 

For the therapeutic management of CF, many clinical trials 
have been conducted across different populations. Newly updat-
ed guidelines have been published by the American Journal of 
Respiratory and Critical Care Medicine, which was one of the 
top journals in terms of publications and citation count [23]. 
Their guidelines were based on systematic reviews of the avail-
able literature, and they highlighted the importance of making 
individualized decisions regarding therapy based on each case 
scenario and the provided recommendations.  

The research on CF, which sometimes is called mucoviscido-
sis, has increased due to the increase in the charities that support 
and fund these studies. Undoubtedly, this disease predominantly 
impacts young people, given the considerably low life expectan-
cy; however, with the availability of improved treatments and 
the increased research efforts, the life expectancy has increased 
to approximately 40 years, which is a huge improvement [24]. 
Our analysis reported that the top contributions were from the 
United States, followed by the United Kingdom and Canada. 
The top 10 cited articles discussed the diseases on the genetic 
level, the possible treatments and management protocols across 
different countries, in addition to the future outlook of CF on a 
global scale.  

The strength of our study compared to the previously pub-
lished studies is that we solely focused on CF and included all 
the countries without any filtration. However, our study has 
some limitations. Firstly, our search was limited to the Scopus 
database, and we did not include searches on the WoS Core 
Collection or Google Scholar. Secondly, we did not conduct sep-
arate filtering for open-access vs. subscription-based publica-
tions, which might have influenced the frequency of article cita-
tions. Hence, we recommend that future studies include the arti-
cles from these resources to establish a robust conclusion.  

Conclusions 
In conclusion, the main focus of our review was to present a 

valuable bibliometric perspective on the resources available for CF. 
Furthermore, we offered an overview of the current areas of active 
research and made predictions about future frontiers by visually 
analyzing the literature.  
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