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ABSTRACT

The performance of global research in immunotherapy for type 1 diabetes mellitus (T1DM) was bibliometrically 
examined using 112 High-Cited Papers (HCPs) indexed in the Scopus database from 2016 to 2023. The HCPs were 
cited between 80 and 1019 times, with an average citation of 205.54. The lead country, institution, author, and journal 
were identified as the USA, University of California San Francisco, J.A. Bluestone, and Diabetes, respectively. 
Switzerland, Brigham and Women’s Hospital, USA, Q. Tang, and Annual Review of Immunology were found to be 
the most impactful countries, institutions, authors, and journals. The most frequent keywords were immunotherapy, 
insulin-dependent diabetes mellitus, and type 1 diabetes mellitus. It was observed that immunotherapy for T1DM as 
a research area has gained attention in global literature during the past decade from various countries and institutions. 
The research environment has predominantly been influenced by developed countries of North America and Western 
Europe. It is recommended to undertake large-scale randomised controlled trials and foster research partnerships 
between developed and developing nations to ensure long-term sustainability and a broader impact, globally.
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1. INTRODUCTION
Type 1 diabetes mellitus or T1DM is recognised as 

a complex autoimmune condition characterised by the 
destruction of pancreatic β cells through a T-cell-mediated 
mechanism, which ultimately leads to a complete lack 
of insulin and elevated blood glucose levels. Because 
acute and chronic complications lead to significant 
morbidity and mortality1. Among people in the age 
group 20-79 years, the Diabetic Mellitus (DM) global 
prevalence was 10.5 %, constituting 536.6 million people 
in 2021. About 10 % proportion of DM prevalence was 
accounted for by TIDM, according to Diabetes Atlas 
from the International Diabetes Federation (IDF)2-3. TIDM 
is considered a disease with a high burden, and huge 
social, health, and economic consequences and often 
leads to liability and death, consequently, it needs a 
high national priority for nations suffering the most4. 
Recent decades have seen remarkable advancements 
in treatment options for T1DM. These include the 
development of novel insulin analogues, smart insulins, 
oral and weekly insulin formulations, artificial pancreas 
systems, sustainable human β-cell replacement therapies, 
and targeted immune interventions aimed at preserving 
β-cell functionality5-6.

For managing and controlling TIDM through prevention, 
delay and reversal, novel immunotherapy approaches 
have been developed by scholars more recently. These 
approaches help in the reduction of the functional loss 
of β cells by suppressing the autoimmune assault on the 
β cells of T and B cells7-8.

Previous scholars have studied the inhibition of β-cell 
destruction and made efforts to partially restore islet 
function with a temporary curative effect9-10. Consequently, 
researchers redirected their focus towards the creation of 
specialised immunotherapeutic agents and novel delivery 
methods, resulting in enhanced response rates and a 
decrease in overall toxicity and immune suppression11-13. 
The existing literature on T1DM immunotherapy categorizes 
approaches into three main types: (i) T-cell-targeted 
therapies, (ii) therapies aimed at CD4+ regulatory T 
cells (Tregs), and (iii) dendritic cell-targeted therapies. 
The literature suggests that multiple or combination 
therapies should be used, as these are expected to provide 
simultaneous or synergistic effects to effectively address 
the autoimmune processes in patients14-15.

In current advanced delivery strategies, nanoparticles, 
liposomes, plasmids, engineered microorganisms, and 
microneedles are utilised: (i) for the development of 
localised on-demand delivery of drugs, and cell factors, 
and (ii) the antibodies to minimise toxicity in vivo. For 
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dampening the immune response and inducing immune 
tolerance, multiple therapies have been introduced and 
tested with a substantial number of interventions although 
indicate positive results, but so far only partially or 
transiently in a small proportion of participants8,16.

Bibliometric analysis is a quantitative method of 
citation and content analysis for scholarly literature,  
aimed to understand the:(i) research status, trends, 
and characteristics of specific disciplines, (ii) describe 
patterns of publications, (iii) evaluate the activities of 
participating countries, organisations, authors and journals and  
(iv) examine and visualise influences and the relationships 
among participating players within a given field or across 
various fields17.

The response of regulating agencies and the medical 
community while evaluating new immunotherapies for 
TIDM  generallyignores to look into the heterogeneous 
nature of T1D and varied differences in the immune 
status of children and adults. Therefore, they suggest 
the need for documenting literature in this area utilizing 
bibliometric methods,  besides undertaking systematic 
reviews from time to time18.

Currently, bibliometrics methods are utilised by 
various scholars to analyse research status, hot topics, 
and trends in the application of “immunotherapy for 
cancer”19-20,  and “immunotherapy for inflammatory bowel 
disease”21, etc.  

Because of the absence of such a bibliometric study 
for Type 1 diabetes literature, we decided to undertake the 
present study aiming to make a bibliometric assessment 
of the literature on“Immunotherapy for Type 1 Diabetes”. 
The study examined the:(i) overall growth and citation 
profile; (ii) distribution of publications by document 
type, research type, study design and population age 
group; (iii) identify important participating players, such 
as countries, organisations and authors and study their 
productivity, citation impact and collaborative linkages 
through bibliometric indicators and visual methods,  
(iv) identify the significant keywords and the focused subject 
areas, using co-occurrence analysis, (iii) the important 
media of communication, and (iv) the characteristics of 
top 15 HCPs.

2. METHODOLOGY
The literature on immunotherapy and Type 1 diabetes 

was searched with appropriate keywords using the Scopus 
database from January 1, 1996, to December 31, 2023, 
on 10.2.2024. The detailed search strategy utilised in this 
study is shown below. A total of 1197 documents were 
identified and these were sorted by decreasing the order 
of citations leaving only 112 documents having received 
80 or more citations. The 112 high-cited papers were 
selected for detailed analysis. The extracted data for each 
downloaded publication included various bibliographical 
features, such as title (source), author, country, organisation, 
serial, citation received, keywords, publication date and 
other related information, which were exported for final 
analysis. MS Excel was used for descriptive statistical 

analysis of the research output. For carrying out the 
co-authorship, co-occurrence and co-citation analysis, 
VOS viewer software22 was used.

( KEY ( type  1  diabetes  OR  diabetes,  AND  type  
1 )  AND  KEY ( immunotherapy ) )  AND  PUBYEAR  
>  1995  AND  PUBYEAR  <  2024  AND  PUBYEAR  
>  1995  AND  PUBYEAR  <  2024

3. FINDINGS
3.1 Overview

The  g loba l  sea rch  on  “ Immunotherapy  fo r  
Type 1 Diabetes” yielded 1197 papers during a span 
of 28 years from 1996 to 2023. From 1197 papers, 
112 (9.36 %)  were identified as having received 
80 to 1019 citations and together registered 23021 
citations, averaging 205.54 citations per paper (CPP). 
These 112 papers are assumed as high-cited papers 
(HCPs). The 112 HCPs depict uneven distribution: 
17 papers fall in the citation range 80-96, 88 in 
the ci tat ion range 100-490, and 7 papers in the 
citation range 615-1019. The annual growth in 112 
HCPs showed fluctuating growth and decline, with 
maximum papers (n=11 and 8 each) published in 
2011 and 2012-2013. Considering cumulative five-year 
growth, the contribution has first increased from 14  
(1996-2002) to 41 (2003-09) and then decreased to 
32 and 25 during 2010-16 and 2017-23.

B y  d o c u m e n t  t y p e s ,  5 7  ( 5 0 . 8 9  % )  a n d  
50 (44.64 %) appeared as articles & reviews in 112 
HCPs, followed by short surveys (3 and 2.68%) and 
note & conference papers (1 and 0.89 % each). By 
research type, pathophysiology and treatment(with 
13.39 % share each) contributed the most, followed 
by clinical studies (10.71 % share), epidemiology 
and genetics (5.36% share each), risk factor (3.57% 
share),  and complications (2.68 %). By research 
design, 28 (25.0 %) and 12 (10.71 %) HCPs were 
involved in clinical trials and randomised controlled 
trials. Among population age groups, the major focus 
was on children& adolescents (n=17), followed by 
middle-aged (n=9), adults (n=8) and aged (n=3).

External funding from various international agencies 
was indicated in sixty-five (58.04 %) out of 112 HCPs. 
They collectively received 14250 citations, averaging 
219.23 CPP. National Institute of Diabetes and Digestive 
and Kidney Diseases, USA supported funded research led 
to the highest number of publications (n=24), followed 
by the National Institute of Health, USA (n=22), National 
Institute of Allergy and Infectious Diseases, USA (n=18), 
National Cancer Institute, USA  and Juvenile Diabetes 
Research Foundation International (n=4 each), etc.

Thirty-nine (34.82 %) of the 112 HCPs indicated 
their participation in international collaboration. They 
collectively received 6865 citations, averaging 176.03 
CPP.  Among 39 international collaborative papers,the 
USA  took the lead by publishing 33 papers, followed 
by the U.K. and Netherlands (n=10 each), France (n=7), 
Germany and Sweden (n=4 each), etc.
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3.2 Geographical Distribution of HCPs
The top 10 countries out of 25 participated in 112 HCPs 

and individually contributed 3 to 82 papers. They collectively 
contributed 145 papers and 28107 citations, which account 
for more than 100 % share each in total papers and citations.  
Considering the top 10 countries: (i) Two countries, namely the 
USA (n=82) and the U.K. (n=15) contributed more than the 
average publication productivity (11.2),  and (ii) Two countries, 
namely Switzerland (339.67 and 1.653) and the USA (220.61 
and 1.073) achieved citation impact (CPP and RCI) more than 
their average values (193.84 and 0.943). The share of ICPs 
in the national output of the top 10 countries varied from  
40.0 % to 100.0 %, with an average of 53.79 %.

  The top 10 countries collaborative intensity, measured 
by total link strength (TLS) varied from 2 to 44, with a 
maximum (of 44TLS) reported by the USA (n=44 TLS), 
followed by the Netherlands (n=18 TLS), U.K. (n=17 TLS), 
Sweden (n=9 TLS), etc.  In terms of country-to-country 
collaboration linkages, the maximum bilateral collaborative 
links(9) were reported by country pair “USA - U.K”, 
followed by USA-Netherlands” (n=8), “USA-France”(n=6), 
“U.K.–Netherlands”(n=5), etc. The extent of collaborative 
linkages among top countries is reflected in the collaborative 
network map, indicated in Fig. 1.

Figure 1. Collaborative network map of top 10 countires.

(USA)(446.2 and 2.17),  H.L. Weiner (USA)( 406.33 
and 1.98),  M.S.  Anderson (USA)(400 and 1.95), 
J .H. Buckner (USA)( 383.67 and 1.87) and S.A. 
Long  (USA)(  382  and  1 .86 ) reg i s t e r ed  c i t a t i on 
impact (CPP  and RCI)  more than their  values 
(241.59 and 1.18).  The top 24 authors’ share of 
ICPs in their national output varied from 0.0 % to  
100.0 %, with an average of 50.45 %.

3.3 Leading Authors
The top 24 authors out of 596 participated in 112 

HCPs and individually contributed 3 to 15 papers. 
They collectively contributed 111 papers and 26816 
citations, which constitute 99.11 % and more than 
100.0 % share respectively in global publications 
and citations. The 18 authors among the top 24  had 
their affiliations in the USA, followed by 2 from 
the U.K., and 1 each from Australia, Canada and the 
Netherlands.

Among the top 24 authors:  ( i)  Five authors, 
namely J.A. Bluestone (USA)(n=15),  K.C.Herold 
(USA)(n=12), M. Peakman (UK)(n=11),  B.O. Roep 
(n=10)(Nether lands)(n=10)   and Q.  Tang (USA)
(n=5)contributed more than average productivi ty 
(4.625),   and (ii)  Seven authors,  namely Q. Tang 

Figure 2. Network of 24 authors (Software Vosviewer; n=>3). 

The top 24 authors’ collaborative intensity, measured 
by total link strength (TLS) varied from 0 to 40, with 
a maximum (of 40 TLS) reported by J.A. Bluestone, 
followed by K.C. Herold (n=39 TLS)), C.J. Greenbaum 
(n=35 TLS)), S. E.Gitelman (n=34 TLS)), etc. The 
maximum bilateral collaborative links (n=5) in terms of 
author-to-author collaboration linkages, were reported 
by the author pairs “J.A. Bluestone and Q. Tang” and 
“M. Peakman. and B.O. Roep”,  followed by author 
pairs “J.A. Bluestone and K.C. Herold” (n=4) and 
“B.O. Roep and M.A. Atkinson” (n=4 each), etc. A 
collaborative network map of the top 24 authors is 
shown in Fig. 2, where these authors are classified 
into six clusters.

3.4 Leading Organisations
The top 21 organisations out of 452 participated in 

112 HCPs and individually contributed 3 to 18 papers. 
They collectively contributed 134 papers and 28172 
citations, which account for more than 100.0 % share 
each, respectively in global publications and citations. 
The 13  out of the top 21 organisations originated from 
the USA, followed by 5 from France, 2 from the UK 
and 1 from the Netherlands.

Of the top 21 organisations: (i) Nine organisations, 
namely University of  California,  San Francisco, USA 
(n=18), Yale School of Medicine, USA (n=14), Leiden 
Univ. Med. Center, Netherlands (n=10), Harvard Med. 
School, USA (n=9), Benaroya Res. Inst. at Virginia 
Mason, USA (n=8), etc. contributed more than average 
publication productivity (5.33), and (ii) Six organisations, 
namely Brigham and Women’s Hospital, USA (315.83 
and 1.54), University of  California, San Francisco, 
USA (302.33 and 1.47), Harvard Med. School, USA(258 
and 1.26), Benaroya Research Institute at Virginia 
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3.7 Top High-Cited Papers (HCPs)
The top 15 among the top 112 HCPs were published 

between 1996 and 2018, having citation frequency from 
310 to 1019. They were published in 11 medical journals 
(with IF varying from 8.7 to 53.44): Three articles in the 
Journal of Experimental Medicine (IF = 15.3), 2 articles 
each in Annual Review of Immunology (IF=28.527) 
and Immunological Reviews (IF=8.7) and 1 paper each 

Figure 3.  Collaboration network of 21 top institutions (Software 
Vosviewer; n=>3).

top important keywords, measured by the frequency of 
occurrences, were as follows: Immunotherapy (n=99), 
insulin-dependent diabetes mellitus (n=87), diabetes 
mellitus - type 1(n=85), autoimmunity (n=46), autoimmune 
disease (n=45), immunology (n=36), pancreas islet beta 
cell (n=36) and immunological tolerance (n=31).

The 330 among 2279 keywords appeared 4 or more times 
and from them 73 important keywords were identified and 
selected for co-occurrence analysis, undertaken using VOS 
viewer software. The software classified the 73 keywords 
into four clusters, reflecting different priority themes (Fig. 4).

The main keywords (along with the frequency of 
their occurrences) included in these four clusters are 
shown as follows: 

Cluster 1. autoimmune disease (45), immunological 
tolerance (n=31), regulatory t lymphocyte  (n=31),  
cd4+ t lymphocyte (n=23), adoptive transfer (n=20), 
gamma interferon(n=19), immune tolerance (n=18), 
interleukin 2 (n=17),  cytokine production (n=16), etc.

Cluster 2: Immunotherapy (n=99), insulin dependent 
diabetes mellitus (n=87), diabetes mellitus, type 1 (n=85), 
Autoimmunity (n=46), pancreas islet beta cell-2 (n=36), 
interleukin-2 (n=17), Autoantibody (n=15), islets of langerhans 
(n=13), etc.; 

Cluster 3: c peptide (n=20), immunomodulation (n=15), 
insulin-secreting cells (n=15), monoclonal antibody cd3 
(n=12), Rapamycin (n=12), Rituximab (n=12), insulin 
treatment (n=11), Proinsulin (n=10), glutamate decarboxylase 
65(n=9), Teplizumab (n=8), etc

Cluster 4: Immunology (n=36), immune response(n=19), 
Inflammation (n=19), Metabolism (n=19), cd8+ t lymphocyte 
(n=16), monoclonal antibody (n=12), non-insulin dependent 
diabetes mellitus (n=12), cancer immuno-therapy  (n=11), 
Hyperglycemia(n=10), etc. 

Mason, USA (255.13 and 1.24) and CNRS, France 
(213 and 1.04)  registered citation impact (CPP  and 
RCI)  more than the average values (210.24 and 
1.02). The top 21 organisations’ share of ICPs in 
their national output varied from 0.0 % to 100.0 %, 
with an average of 53.49 %.

The Total Link Strength (TLS) of the top 21 
organisations varied from 13 to 161, with maximum 
(161 TLS) reported by University of  California, 
San Francisco, USA., followed by Yale School of 
Medicine, USA (112 TLS), King’s College, London, 
U.K. (89 TLS), etc.  In terms of organisation-to-
organisation collaboration linkages, the maximum 
bilateral collaborative linkages (n=7) were reported 
by organisations pair “University of  California, San 
Francisco, USA and Benaroya Research Institute at 
Virginia Mason, USA”, followed by “University of  
California,  San Francisco,  USA and Yale School 
of  Medic ine ,  USA”,  “Leiden Univ.  Med.Center, 
Netherlands and City of Hope Med. Centre,  USA” 
(n=5 each),  etc.  A collaborative network map of the 
top 21 organisations is presented in Fig. 3,  where 
they are presented in three clusters.

3.5 Leading Journals
The top 20 journals out of 58 participated in 112 

HCPs and individually contributed 3 to 13 papers. They 
collectively published 74 papers and 17082 citations, 
which constitute 66.07 % and 74.20  % share each 
respectively of the global publications and citations.

The highest number of papers published in this area 
was from the Diabetes (n=13), followed by Journal of 
Experimental Medicine (n=8) and Clinical and Experimental 
Immunology (n = 7), Journal of Autoimmunity, Journal of 
Immunology and The Lancet Diabetes and Endocrinology 
(n=4) each.

By citations per paper (CPP), the leading impactful 
journals were: Annual Review of Immunology (657.0 CPP), 
followed by Immunological Reviews (475.0 CPP), Science 
Translational Medicine(424.5 CPP), Journal of Experimental 
Medicine (401.13 CPP), Diabetes Care(264.33CPP), Proceedings 
of the National Academy of Sciences of the United States 
of America (260.67 CPP), Nature Medicine (239.670 CPP) 
and Nature Reviews Immunology (238.5 CPP).

By impact factor, the leading journals were: the 
American Journal of Transplantation (n=2) (IF=53.44), 
Diabetologia (n=2) (IF=53.106), Proceedings of the 
National Academy of Sciences of the United States of 
America (n=3) 9IF=44.5), The Lancet Diabetes and 
Endocrinology (n=4) (IF=40.5), Clinical and Experimental 
Immunology (n=7) (IF= 32.4), Journal of Autoimmunity 
(n=4) (IF= 29)  and Nature Medicine (n=3) (IF=28.527).

3.6 Significant Keywords
The keywords reflect the core and focus of a paper. 

Among 112 HCPs, a total of 2279 keywords appeared 
having a frequency of occurrence from 1 to 99. The 
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in Nature Medicine (IF=53.44), Lancet Diabetes & 
Endocrinology (IF=44.5), Nature Reviews Immunology 
(IF=40.5), Circulation (IF=37.8), etc. 

Eleven of the top 15 HCPs were published with 
externally funded support of national and international 
agencies: (i), 5 publications with the support of the 
National Institute of Diabetes and Digestive and Kidney 
Diseases, (ii) 4 publications with the support of the 
National Institute of Allergy and Infectious Diseases 
(iii) 3 publications from the support of National Institute 
of Health etc. Six of the 15 HCPs were involved in 
clinical trials.

The top 15 publications (8 articles and 7 reviews) 
have the participation of a single institution (zero 
collaboration) in 5 papers, while 9 (6 and 3 papers 
each) other papers involve national collaboration 
and international collaboration The 15 top HCPs 
involve the participation of 91 authors affil iated 
to 35 inst i tut ions,  involving major part icipat ion 
from the USA with 14 papers, France in 2 papers 
and Brazil and Switzerland in 1 paper each. The 
first most-cited paper is authored by Q.Tang, K.J.  
Henriksen, et al .entitled “In vitro-expanded antigen-
specific regulatory T cells suppress autoimmune diabetes” 
and published in the Journal of Experimental Medicine 
in 2004 (received 1019 citations).

Figue 4. Network of 73 significant keywords (Software Vosviwer; n =>4).

4. DISCUSSION 
Although T1DM has a high global disease burden, 

it is also very well-researched as reflected in its high 
research productivity and proportional research output. 
Immunotherapy, from the past decade, is fast emerging 
as an important treatment method for various diseases, 
such as cancer, inflammatory bowel disease, T1DM, etc. 
Because of the global importance of immunotherapy as 
a treatment method, few scholars undertook bibliometric 
studies in applying immunotherapy methods for the 

treatment of cancer and inflammatory bowel disease, 
yet there has been no such study for type 1 diabetes to 
describe the research trends. Keeping the need to study 
literature on new treatment methods for T1DM, thus, 
we performed the current study.

Our study identified the 112 HCPs for T1DM 
immunotherapy research (involving 596 authors affiliated 
with 452 organisations in 25 countries and published in 
58 journals) from the Scopus database and examined the 
publications output, indicated strong and weak subject 
areas, and suggested frontiers areas in this field, which 
may help the existing scholars to quickly learn the current 
developments and identify future frontiers areas in the 
field. The study also identified, studied and visualised the 
most active journals, most-cited papers and the important 
countries, institutions and authors, and the strength of 
collaboration linkages among important research players, 
countries, organisations and authors.

The USA had the strongest influence both in productivity 
and citation impact, with 73.21 % of total publications 
originating from the institutions in that country, whereas 
the other important countries like the UK (13.39 %), 
France and the Netherlands (8.93% each) contributed 
the remaining papers alone or most in collaboration 
with the USA. The most collaborative countries were the 
USA and the UK, which have 44 and 17 collaborative 

links with 27  and 5 countries each. Because of major 
research contributions coming from the USA, the top three 
external funding agencies publications also came from 
the USA: National Institute of Diabetes and Digestive 
and Kidney Diseases, USA (n=24), National Institute of 
Health, USA (n=22) and National Institute of Allergy 
and Infectious Diseases, USA (n=18).

The core authors and organisations in any field 
can be identified through bibliometric analysis which 
may provide information on potential collaborations for 
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important keywords may also assist existing scholars in 
understanding upcoming and existing sub-fields, ultimately 
serving as a valuable resource for future research projects.

However, this study had its limitations too. First, 
we searched only the Scopus database. The lack of 
complementary data from other bibliographical and 
citation databases (such as WoS), in this study may lead 
to a partially incomplete analysis of the data. In Scopus, 
the content coverage breadth, the search analysis tools 
sophistication, the citations volume, and the funding 
sources diversity are regarded as comparatively more 
intense and extensive compared to PubMed or Web 
of Science. A significant number of the majority of 
bibliometric surveys utilise only a single bibliometric 
database, but still, they successfully meet the objectives. 
As a result, we have utilised only one database, namely 
Scopus for our study. 

The study using analytical tools and visualisation 
software provides an overview of the field for scholars, 
policy-makers, funding agencies, participating organisations 
and countries to develop valuable collaborations among 
themselves and help provide links to the funding agencies 
which can support future research.

6. CONCLUSION
Our study provides a comprehensive analysis of 

research in type 1 diabetes immunotherapy, effectively 
recognising the contributions made by important and 
core authors, institutions, scientific journals and research 
types identified through significant keywords. The study 
indicates that high-income countries like North America and 
Western Europe presently constitute the core landscape of 
research. It is essential to advocate for the implementation 
of large-scale randomised controlled trials and to promote 
research partnerships between developed and developing 
countries. This is to ensure a sustained and significant 
impact, globally, through external funding from developed 
countries’ agencies. Given the high burden of type 1 
diabetes, immunotherapy continues to remain an important 
research area for the treatment of type 1 diabetes. 
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