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Abstract. Background: Exocrine pancreatic insufliciency (EPI) is a condition characterized by impaired nu-
trient digestion due to insufficient enzyme secretion, leading to steatorrhea and weight loss. Fecal elastase
(FE) is a reliable non-invasive biomarker for diagnosing EPI and detecting enzymatic dysfunction. Aims and
Methods: This study provides a bibliometric analysis of the role for the diagnosis of FE, using Scopus and
Web of Science databases (1984-2024). Data merging, statistical analyses, and visualizations were conducted
using RStudio and the Bibliometrix R package. Results: A total of 385 publications from 188 sources were
analyzed. The peak year was 2022 with 38 publications, followed by a decline to 17 in 2023. The United States
leads with 136 publications and international cooperation with 26 joint projects, especially with Poland, Italy
and the UK. Germany showed the highest scientific citations impact (2,024). The most prolific institutions
were Haukeland University Hospital in Norway and Poznan University of Medical Sciences in Poland. The
Pancreatology journal stand out as one of the leading scientific publications on EPI. Conclusions: Overall, this
analysis provides a comprehensive overview of the research landscape, identifies critical areas for future inves-
tigation, and emphasizes the need to strengthen interdisciplinary collaboration to drive global advancements
in the diagnosis of EPI. (www.actabiomedica.it)
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interventions, impacting 80~90% of patients (6). Ad-
ditionally, EPI may occur after surgical procedures on

Exocrine pancreatic insufficiency (EPI) is de-
fined by the inadequate digestion of both macronutri-
ents and micronutrients due to insufficient delivery of
pancreatic exocrine enzymes into the duodenum (1),
causing pancreatic steatorrhea, weight loss, and a
potential decline in quality of life (2,3). EPI develops as
a result of various diseases, including chronic pancrea-
titis, in which insufficiency occurs in 30~90% of pa-
tients (4); cystic fibrosis, affecting 85% of patients (5);
and pancreatic cancer, particularly after surgical

the digestive system in 20-50% of cases (7). Addition-
ally, some sources suggest that other conditions, such
as diabetes mellitus, celiac disease, inflammatory bowel
disease, diseases of iron overload (haemochromatosis
and B-thalassemia) (8) and human immunodeficiency
virus (HIV)/acquired immunodeficiency syndrome
(AIDS), as well as genetic and congenital pathologies,
may also be associated with the development of EPI (9).
Over the past decades, many tests have been devel-
oped to assess EPI, which are divided into direct and
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indirect methods of measuring the exocrine function
of this organ (10). Direct tests, which involve obtain-
ing pancreatic secretions through duodenal intubation
after stimulation of the pancreas with exogenous hor-
mones or intestinal nutrients, are considered the most
accurate method for assessing pancreatic function.
However, they are expensive, invasive, and technically
challenging, which significantly limits their practical
application in clinical settings (11). The gold standard
for diagnosing fat malabsorption involves a 72-hour
stool collection during a 100 g fat-per-day diet, with
malabsorption confirmed at >7 g of fat excreted per day
and severe steatorrhea defined as 215 g per day (12).
The 72-hour stool collection method for assessing
steatorrhea has several drawbacks, including incon-
venience for the patient, the need for strict adherence
to a high-fat diet, and challenges associated with the
prolonged storage and transportation of samples (13).
One of the widely recognized clinical biomarkers for
diagnosing exocrine pancreatic function is serum im-
munoreactive trypsinogen levels (14). Serum trypsino-
gen levels are used for the neonatal screening of cystic
fibrosis and meconium ileus. While the test is particu-
larly useful in pediatrics, its application in adults is
limited, because amylase and lipase are currently con-
sidered the preferred biomarkers (15, 16). The 13C-
mixed triglyceride breath test (13C-MTG) evaluates
fat digestion by pancreatic lipase through the recovery
rate of 13CO2 over a 6-hour period, after consuming
a meal containing 250 mg of 13C-MTG, making it
a valuable tool for diagnosing EPI (17). Studies have
shown that the 13C-MTG breath test demonstrates
a sensitivity of 90-100% and a specificity of 90-92%
when compared to endoscopic secretin studies and
72-hour fecal fat measurements (18). A notable advan-
tage of this method is its applicability for evaluating
treatment response (19). Scientists aimed to simplify
the test procedure; however, reducing the CO2 meas-
urement time to less than 4 hours results in lower
specificity, although the sensitivity of the test remains
high (20). The test may also yield false-positive results
in patients with non-pancreatic steatorrhea, such as in
severe diseases of the duodenal mucosa, while its main
drawbacks remain its high cost and longer duration
compared to FE levels (21). Updated clinical guidelines
designate the fecal elastase (FE) test as the preferred

diagnostic modality for assessing PEI (22). The FE
measures elastase-1, a pancreatic enzyme that binds
bile salts and resists degradation as it passes through
the gastrointestinal tract (23). FE levels above 200 pg/g
in stool suggest normal exocrine pancreatic func-
tion, while concentrations between 100 and 200 pg/g
indicate mild to moderate PEI, and levels below
100 pg/g reflect severe PEI (24). FE stands out among
other indirect tests for its simplicity, non-invasiveness,
and stability of results even with sample storage (21,25).
Unlike the 72-hour fecal fat test, which is labor-
intensive and inconvenient, FE requires only a single
random sample (26). Compared to serum trypsino-
gen, which is less sensitive in early dysfunction, FE
provides more reliable results in moderate and severe
insufficiency, additionally, FE is unaffected by enzyme
supplementation, making it the preferred choice for
routine assessment of exocrine pancreatic function,
though it may be less sensitive in detecting mild in-
sufficiency (27). One of the main advantages of this
test is its use of ELISA with specific monoclonal an-
tibodies against human elastase-1, making it relatively
inexpensive, accessible, and convenient, as it requires
less than 1 gram of stool (28). Despite drawbacks such
as relatively low sensitivity in detecting mild PEI and
the requirement for solid stool samples for analysis, FE
has proven to be a reliable diagnostic tool for PEI (29).
Based on the presented data, FE test represents a po-
tentially useful and valuable tool for diagnosing and
long-term monitoring of exocrine pancreatic function.
After conducting an extensive review of FE, we be-
came interested in its application in EPI due to its sen-
sitivity, accessibility and non-invasiveness. Therefore,
this formed the basis for conducting our bibliometric
analysis. This comprehensive approach helps pinpoint
evolving trends and key aspects of the disease (30,32).
The method uses quantitative approaches to evalu-
ate the influence and development of academic pub-
lications, providing valuable insights into emerging
trends, significant studies, and prominent contributors
within a particular field of research (33). The database
documented only one previous bibliometric analysis
on EPI (34). This made us interested in prospectively
examining research in this area, as the difficulties in di-
agnosing EPTI and its serious impact on patients’ qual-

ity of life highlight the need for a more in-depth and
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comprehensive study of this condition. Moreover, de-
spite the growing number of publications in this area,
no specifically focused bibliometric analysis of the role
of the FE in EPI is available in the databases. There-
fore, our study was performed for a better analysis of
FE as a reliable and non-invasive test for diagnosing
EPI, and to document the research field’s develop-
ment process over the years.

Methods

Search strategy

This bibliometric analysis investigates the use
of FE as a marker for EPI, based on data from the
Scopus and Web of Science databases spanning 1968
to 2024, collected in September 2024. Inclusion cri-
teria were strictly limited to original research and
review articles published in English that directly ad-
dressed FE in the context of diagnosing EPI. Publi-
cations of other types, as well as studies conducted
on animal models, were excluded. To standardize the
search, specific keywords such as “fecal elastase” and
“exocrine pancreatic insufficiency, were included. To
enhance search precision, Boolean operators were ap-
plied, along with Medical Subject Headings (MeSH)
terms  (https://www.nlm.nih.gov/mesh/meshhome.
html), which enabled the construction of a precise
search formula and ensured the maximum relevance
of the results (Table 1). After removing duplicate,
we exported publications from Web of Science and
BibTeX from Scopus, and thereafter we processed

Table 1. Search strategy and key queries

and saved in RStudio for xIsx final format analysis

(Figure 1).
Study selection and data extraction

The selection of articles was conducted in two
stages based on the inclusion criteria. Initially, two
authors (B.T. and M.M.) independently reviewed the
titles and abstracts of the articles retrieved through the
search strategy. Articles that received approval from
both authors proceeded to full-text analysis. If there
was any disagreement, the final decision was made af-
ter consultation with a third author (Y.B.).

Performance analysis

For analysis and visualization, we utilized Bib-
liometrix R (http://www.bibliometrix.org) in RStudio
v.4.3.2 (Posit Software, PBC, Boston, Massachusetts,
USA), Biblioshiny, and Flourish.studio (https://flourish
.studio/).

Results
Summary of published scientific articles

The study analyzed a total of 385 documents from
188 sources, spanning the period from 1984 to 2024.
The documents demonstrate a steady Annual Growth
Rate of 5.5%, reflecting sustained interest and rel-
evance, with an average document age of 10.7 years.
Contributions from 2,138 authors were included in

Code Queries
#1 “Exocrine Pancreatic Insufficiencies” OR “Insufficiencies, Exocrine Pancreatic” OR “Insufficiency, Exocrine
ancreatic” “Pancreatic Insufficiencies, Exocrine” “Pancreatic Insufficiency, Exocrine” “Pancreatic
P tic” OR “P; tic Insufhi E OR“P tic Insufh E OR“P t
Insufficiency” OR “Insufficiencies, Pancreatic” OR “Insufficiency, Pancreatic” OR “Pancreatic Insufficiencies”
#2 “Fecal elastase test” OR “Elastase-1” OR “Pancreatic elastase” OR “Stool elastase” OR “Fecal pancreatic elastase”

OR “Exocrine pancreatic function test” OR “Fecal elastase-1 level” OR “Pancreatic enzyme activity” OR
“Elastase deficiency” OR “Exocrine pancreatic insufficiency (EPI) marker” OR “Stool pancreatic elastase” OR
“Elastase enzyme activity in stool” OR “Pancreatic function marker” OR “Digestive enzyme testing” OR “Chronic
pancreatitis marker” OR “Malabsorption diagnosis”

#3 #1 AND #2
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articles after merging
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Journals Authors Countries

Figure 1. Search process

the analysis, achieving an average of 23.53 citations
per document over the past decade. Approximately 8%
of these authors participated in collaborative research
efforts.

Annual analysis of publications and citations

Until 1995, research on the role of FE in EPI was
scarce, with some years showing no publications at all.
Since 1996, interest in this topic has grown, leading to
a steady increase in the number of studies. The peak
was observed in 2022, when 38 publications were re-
leased. However, in 2023, the number of publications
declined to 17, indicating a possible shift in research
focus or priorities. Citation analysis reveals that 1996
had the highest average number of citations per article
(186), suggesting a strong scientific impact of publi-
cations from that period. In contrast, earlier years,
such as 1987, showed significantly lower citation rates
(11 per article). Over the past few years (2020-2023),
citation activity has remained relatively stable, reflect-
ing continued relevance of the topic in scientific litera-
ture (Figure 2).

Institutions Keywords

Article; proceedings

paper (n=6)
duplicate article (n=1)

Countries and affiliations

As shown in Figure 3a, the United States stands
out as the country with the highest number of published
articles — 136 publications during the study period.
Germany ranked second, contributing 91 publications
on EPI and the role of FE in its diagnosis. The USA also
showed significant activity in international cooperation
with 26 joint projects, especially with Poland, Italy and
the UK. In addition, Germany and the UK follow with
23 and 18 collaborations respectively, highlighting their
significant role in the global partnership (Figure 3b). It
is worth noting that the above-mentioned countries are
also leaders among the most cited countries. Germany
holds the leading position with a total of 2,024 cita-
tions, underscoring the substantial scientific impact of
its publications. The United States follows with 983
citations, while Italy ranks third with 856 citations.
Belgium stands out for achieving the highest average
citation rate, with 59 citations per publication annually.
These statistics underscore the substantial contributions
of these countries to advancing knowledge in the diag-

nosis of EPI (Table 2).
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Figure 2. Annual publication and citation trends over time (1984-2024)

Haukeland University Hospital in Norway leads
with 25 publications, highlighting its significant con-
tribution to research. Norway demonstrates a strong
presence, as the University of Bergen also ranks among
the top institutions with 21 publications, confirming the
country’s prominent role in the field. Poland holds the
second position through the Poznan University of
Medical Sciences, also with 21 publications. Italy,
Germany, and Denmark are well-represented, with
the University of Verona contributing 16 publica-
tions, while University Medicine Greifswald and Jus-
tus Liebig University Giessen in Germany contribute
13 and 11 publications, respectively (Table 3).

The number off publications and citations by different
authors

Author Pezzili R demonstrated long-term pub-
lication activity from 1997 to 2020, with a significant
citation impact, reaching 102 citations in 1999. Simi-
larly, author Walkowiak Jaroslaw exhibited sustained

citation influence over an extended period, spanning

from 1999 to 2020. In 2002, Walkowiak J. collaborated
with author Herzig Karl-Heinz Heinz and their joint
work became the most cited article of that period, re-
ceiving 73 citations. Author Herzig also demonstrated
consistent productivity, maintaining her publication
activity from 1999 to 2011. Author Frulloni began his
work in 2010 and stood out among other authors for
the largest number of citations — 149 (Figure 4). The
top three cited authors are Walkowiak ] from Poznan
University of Medical Sciences in Poland with 19 arti-
cles and an H-index of 39, Herzig K from Oulun Ylio-
pisto in Finland with 13 articles and an H-index of 61,
and Pezzilli R from the Department of Gastroen-
terology at Polyclinic of Sant’ Orsola in Italy with
10 articles and an H-index of 50. A complete list of the
most relevant cited authors is represented in Figure 4

and Table 4.
Journal publications

We identified 12 major journals as the most
relevant for researchers in this field, aligning with
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Figure 3. Top 10 countries with the highest number of articles and the collaboration network.
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Table 2. Most cited countries

Average
article

Rank | Country Total citations citations
1 Germany 2024 46,00
2 USA 983 19,70
3 Italy 856 32,90
4 United Kingdom 635 19,80
5 Poland 411 20,60
6 Netherlands 357 25,50
7 Belgium 297 59,40
8 China 251 20,90
9 Korea 235 26,10
10 Japan 214 15,30

Table 3. Most relevant affiliations

Rank | Affiliation Articles | Country
1 Haukeland University Hospital |~ 25 Norway
2 Poznan University of Medical 21 Poland

Sciences
University of Bergen 21 Norway
4 University of Verona 16 Ttaly
5 University Medicine 13 Germany
Greifswald
6 Shinshu University 12 | Japan
7 University of Sheffield 12 England
8 Aalborg University Hospital 11 Denmark
9 Justus Liebig University Giessen| 11 Germany
10 Aalborg University 10 | Denmark

Bradford’s law, which states that a small number of core
journals produce the majority of articles in a given dis-
cipline (35). These journals, all highly peer-reviewed,
are located in zone 1, demonstrating their significance
as key sources and their concentration at the forefront
of the field (Figure 5). The top three journals contrib-
uting to research in this field are Pancreatology, which
leads with 26 articles focused on EPI and FE, followed
by Pancreas and the Journal of Pediatric Gastroenterology
and Nutrition, each publishing over 20 articles. These
journals demonstrate significant influence and inter-
est in advancing knowledge within this domain. It is
noteworthy that 70% of all the journals rank in the top
quartile (Q1) in the Science Citation Index Expanded
(SCIE) (Figure 5 and Table 5).

Most relevant documents and trend fopics.

The author keyword “exocrine pancreatic insuf-
ficiency” is the most commonly utilized term in the
studied field, appearing 278 times, with its highest
frequency recorded in 2021. The keywords “pancreatic
elastase” and “pancreas” were used 227 and 101 times,
respectively, with their highest frequency in 2019. In-
terestingly, “chronic pancreatitis” and “cystic fibrosis”
have consistently shown high frequency, highlight-
ing their significant role as primary causes of EPI
and their importance within the research context. The
term “diabetes mellitus” has gained increasing interest,
with notable peaks in usage around 2017. These terms
have become more prominent due to their association
with EPI and the diagnostic significance of FE, em-
phasizing the relationship between the endocrine and
exocrine functions of the pancreas. Additional infor-
mation on keyword trends is presented in the Table 6.

The thematic map demonstrates key research di-
rections, for example, base themes such as “pancreatic
insufficiency”, “chronic pancreatitis” and “fecal elastase”
occupy a central position, reflecting their importance in
the field. Niche themes like “exocrine insufficiency” and
“pancreas” are well-developed but less widely utilized.
Special attention is drawn to “exocrine insufficiency”,
“cystic fibrosis” and “fecal elastase-1” which are relevant
and promising areas for further research (Figure 6).

The ten most frequently cited papers demonstrate a
growing focus on the utility of FE as a sensitive and spe-
cific biomarker. These studies also explore its limitations
and its associations with conditions such as chronic pan-
creatitis and diabetes mellitus. For example, the study of
Lankisch et al. (36) is devoted to the study of the course
of chronic pancreatitis with an emphasis on three key
manifestations: pain, exocrine and endocrine pancreatic
insufficiency. The outcomes of the disease were assessed,
as well as its impact on the functional state of the pan-
creas, including exocrine and endocrine functions. The
results of Loser et al. (37) highlighted the importance
of FE in the diagnosis of EPI and concluded that this
method is highly sensitive, specific and practical. An-
other study assessed the diagnostic value of FE in the
diagnosis of EPI, emphasizing its key advantage - the
independence of results from enzyme replacement ther-
apy, which makes this test a reliable, non-invasive and
convenient method for clinical practice (38) (Table 7).
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Figure 4. Authors’ production over time
Table 4. Most relevant cited authors
Rank |Authors Articles H-index |Affiliation
1 Walkowiak, Jaroslaw 19 39 Poznan University of Medical Sciences, Poznan, Poland
2 Herzig, Karl-Heinz Heinz 13 61 Oulun Yliopisto, Finland
Pezzilli, Raffaele 10 50 Department of Gastroenterology, Polyclinic of sant’Orsola,
Bologna, Italy
4 Hardt, Philip D. 10 27 Third Medical Department and Policlinic, Giessen University
Hospital, Germany
5 Vujasinovic, Miroslav 10 23 Department for Digestive Diseases, Karolinska University
Hospital, Stockholm, Sweden
6 Jang, Jin-Young 8 54 Department of Surgery, Seoul National University College of
Medicine, Seoul, South Korea
7 Hopper, Andrew D 7 25 Department of Gastroenterology, Sheflield Teaching Hospitals
NHS Foundation Trust, Sheffield, United Kingdom
Frulloni, Luca 7 61 Department of Medicine, University of Verona, Verona, Italy
Dimcevski, Georg 31 Department of Clinical Medicine, University of Bergen, Bergen,
Norway
10 Engjom, Trond 7 14 Department of Medicine, Haukeland University Hospital,
Bergen, Norway
Discussion areas of exploration and development. The steady

This bibliometric analysis uncovers significant
insights into the research landscape of FE as a diag-
nostic tool for EPI. While the results reflect notable
advancements, they also point out need for further

increase in annual publications reflects the grow-
ing recognition of the clinical importance of EPI,
particularly in diseases such as chronic pancreatitis,
cystic fibrosis, and diabetes mellitus. The surge begin-
ning in 1996 corresponds to the introduction of FE
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Figure 5. Core sources by Bradford’s law
Table 5. Most relevant sources
CiteScore
Rank | Sources name Articles 2023 IF | JCR category (quartile)

1 Pancreatology 26 7,2 2,8 Medicine: Endocrinology, Diabetes

and Metabolism (Q2)

2 Pancreas 25 4,7 1,7 Medicine: Internal Medicine (Q2)
Journal of Pediatric Gastroenterology 20 53 3,8 | Medicine: Pediatrics, Perinatology
and Nutrition and Child Health (Q1)

4 Scandinavian Journal of Gastroenterology 14 53 2,4 | Medicine: Pediatrics, Perinatology

and Child Health (Q3)
Digestive Diseases and Sciences 10 6,4 2,5 | Medicine: Gastroenterology (Q1)
Journal of Cystic Fibrosis 8 10,1 4,8 | Medicine: Pediatrics, Perinatology
and Child Health (Q1)

7 Journal of Clinical Medicine 5 5,7 3,0 Medicine: General Medicine (Q1)
PLOS ONE 5 6,2 2,9 Multidisciplinary (Q1)

World Journal of Gastroenterology 5 7,8 43 Medicine: Gastroenterology (Q1)
10 Clinical Chemistry 4 11,3 7,1 Medicine: General Medicine (Q1)

as a non-invasive biomarker. This innovation signifi-
cantly lowered the barriers to EPI diagnosis, foster-
ing broader research interest and clinical application.
However, the recent decline in publication activity

may indicate saturation in certain research areas or
challenges in identifying novel approaches. This em-
phasizes the need for innovative studies exploring the
limitations of FE testing, particularly in detecting
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mild EPT or differentiating it from other conditions
with similar presentations (46).

The concentration of research in high-income
countries, such as the USA, Germany, and Italy,

Table 6. Trend topics

Term Frequency | Year (Median)
exocrine pancreatic insufficiency 278 2021
pancreatic elastase 227 2019
pancreas 101 2019
cystic fibrosis 84 2021
diabetes mellitus 79 2017
chronic pancreatitis 76 2015
elastase 71 2015
pancreatitis 68 2009
pancreas function 61 2011
steatorrhea 54 2012

Niche Themes

insufficiency
exocrine
pancreatic
pancreatitis
bariatric surgery

3 secretin
&
=z
o
gQ
©
>
o

Emerging or

Declining Themes

underscores the critical role of resources and infra-
structure in advancing diagnostic methodologies.
Countries with limited research outputs may lack ac-
cess to advanced diagnostic technologies or funding
for longitudinal studies (47). This geographic dispar-
ity creates a gap in understanding EPT’s prevalence
and management in low- and middle-income settings,
where the burden of pancreatic diseases may be sig-
nificant. Enhanced global collaborations could address
this imbalance, as seen in successful partnerships be-
tween the USA, Poland, and Italy. The work of authors
such as Walkowiak et al. (48) has played an impor-
tant role in studying the diagnostic value of FE, con-
tributing to its widespread use. For example, Herzig’s
collaborative studies advanced understanding of fecal
elastase’s robustness compared to other biomarkers,
reinforcing its role in non-invasive diagnostics (48,49).
However, the observed focus on well-resourced set-
tings raises questions about the generalizability of

Motor Themes

exocrine pancreatic insufficiency
cystic fibrosis
fecal elastase-1

pancreatic insufficienc ': 3 )
chronic pancreatitis
fecal elastase
Basic Themes

Relevance degree

(Centrality)

Figure 6. The thematic map of keyword research in articles reviews: thematic significance and recurring terms in the field of study
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Table 7. The 10 most frequently cited high-quality papers focusing on EPI and the fecal elastase test

Rank | Article 1st author TC TCY YP
1 Natural course in chronic pancreatitis. (36) Lankisch, P 434 13,56 1993
2 Fecal elastase 1: a novel, highly sensitive, and specific Loser, C 425 14,66 1996

tubeless pancreatic function test (37)

3 Immunoreactive elastase I: clinical evaluation of a new Stein, J 209 7,21 1996
noninvasive test of pancreatic function (38)

4 Mixed triglyceride breath test: a noninvasive test of Vantrappen, G. 182 5,06 1989
pancreatic lipase activity in the duodenum (39)

5 Fecal elastase 1: not helpful in diagnosing chronic Lankisch, P 152 5,63 1998
pancreatitis associated with mild to moderate exocrine
pancreatic insufficiency (40)

6 A position paper of the International Study Group on Gianotti, L. 149 21,29 2018
Pancreatic Surgery ISGPS) (41)

7 High prevalence of exocrine pancreatic insufﬁciency in Hardt, P 141 6,41 2003
diabetes mellitus. (42)

8 Fecal elastase 1 determination in chronic pancreatitis (43) | Gullo, L 102 3,92 1999
Use of fecal elastase-1 to classify pancreatic status in Borowitz, D 101 4,81 2004
patients with cystic fibrosis (44)

10 Diabetes mellitus is association of diabetes mellitus with | Mohapatra S 94 10,44 2016

exocrine pancreatopathy: (45)

these findings to diverse populations, underscoring the
need for more inclusive studies. The role of journals
in disseminating and shaping scientific knowledge is
evident in this analysis. According to Bradford’s Law,
the majority of impactful articles are concentrated in
a small core of journals (51). The analysis underscores
that leading journals with high publication volumes
and citation impacts, such as Pancreatology, Pancreas
and the Journal of Pediatric Gastroenterology and Nutri-
tion, play a pivotal role in advancing research on FE
and its diagnostic significance in EPIL. These journals,
chosen by authors for their impact, quartile, and repu-
tation, consistently provide platforms for high-quality
studies (52), particularly emphasizing the role of FE
in diagnosing EPI and its associations with chronic
pancreatitis and cystic fibrosis. The high impact factors
of journals like the Journal of Clinical Medicine and
World Journal of Gastroenterology reflect their ability
to reach broader audiences (53), further amplifying the
importance of FE in clinical practice. The alignment
of these journals with leading quartiles (Q1 and Q2)
demonstrates their pivotal role in maintaining rigor-
ous scientific standards. However, the predominance

of English-language journals notable aspect a poten-
tial language bias, excluding valuable research from
non-English-speaking regions (54). Thematic analysis
reveals a shift in focus over time. While early studies
concentrated on validating FE as a biomarker, recent
research has increasingly linked EPI with metabolic
disorders like type 2 diabetes mellitus (55). This shift
reflects an evolving understanding of the pancreas’s
dual endocrine and exocrine functions. However, the
causal pathways connecting diabetes and EPI remain
underexplored. For example, is EPI in diabetes a con-
sequence of metabolic changes, or do underlying ge-
netic or structural factors that predispose individuals
to both conditions? (56) Some authors attribute EPI
to pancreatic tissue damage caused by chronic hyper-
glycemia and lipotoxicity (57), oxidative stress and in-
flammation (58), while others point the attention to
primary structural changes such as fibrosis and steato-
sis that may precede the development of diabetes (59).
Genetic studies have identified mutations in CFTR,
PRSS1 and SPINK1 as key factors potentially link-
ing the two conditions (60,61). While FE testing and
enzyme replacement therapy show promise, their role
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in improving metabolic status requires further investi-
gation (62). The simplicity and non-invasiveness of FE
testing make it the preferred choice for routine diag-
nostics (25). However, its limitations, such as reduced
sensitivity for mild EPI and reliance on solid stool
samples, hinder its universal applicability (63). These
limitations necessitate a combined diagnostic ap-
proach, incorporating advanced methods like the 13C-
mixed triglyceride breath test for more comprehensive
assessments (28). Such multi-modal strategies could
overcome the drawbacks of individual tests, ensuring
accurate diagnosis across a spectrum of EPI severity.
Several gaps identified in this analysis suggest direc-
tions for future research. Despite FE’s established role,
studies exploring its utility in specific subpopulations,
such as pediatric patients or those with overlapping
metabolic and pancreatic conditions, are scarce (64).
Additionally, there is a need for comparative studies
evaluating FE against emerging biomarkers to deter-
mine its relative efficacy (28). Addressing these gaps
will not only advance the field but also pave the way for
more personalized and effective diagnostic strategies
in pancreatic diseases.

Conclusion

This bibliometric analysis highlights significant
progress in the study of FE as a diagnostic tool for
pancreatic insufficiency. The sustained interest, im-
pactful publications, and active collaborations reflect
the critical importance of this research. Future research
should focus on global collaboration, interdisciplinary
cooperation and resource sharing to reduce the influ-
ence of research opportunities between developed and
emerging changes, ensuring more equitable knowledge
and advances in the diagnosis of EPI. However, the
recent plateau in publications emphasizes the need for
renewed innovation, particularly in addressing its limi-
tations, such as detecting mild EPI and distinguishing
it from other conditions. Overall, this analysis provides
a comprehensive overview of the research landscape,
identifies critical areas for future investigation, and
emphasizes the need to strengthen interdisciplinary
collaboration to drive global advancements in the di-

agnosis of EPL.

Study Limitations: This study focused solely on English-language
articles indexed in WoC and Scopus, which could have resulted in
language and database biases. Furthermore, the focus on keywords
in article titles might have excluded relevant studies, limiting the
scope of the analysis. The article alone cannot replace other review
methods (e.g., meta-analysis, or systematic review). Serving as
merely the first step toward a more comprehensive analysis, bib-
liometric research is not the final goal of our study but rather a
foundation for further, more detailed analytical approaches. At the
next stages of the study, a systematic review is planned, involving a
broader literature search with the inclusion of additional databases.
This will provide a more complete and objective understanding of
the research topic and open new directions for further scientific
investigations.
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