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Abstract
Background:This study aimed to analyze the scientific outputs of diabetic kidney disease (DKD) research and explore its hotspots
and frontiers from 2000 to 2017, using bibliometric methods.

Methods:Articles in DKD research between 2000 and 2017 were retrieved from theWeb of Science Core Collection (WoSCC). We
used the VOSviewer 1.6.8 and CiteSpace 5.2 to analyze publication years, journals, countries, institutions, authors, references, and
keywords. Keywords with citation bursts were used to analyze the research hotspots and emerging trends.

Results:We identified 27,577 publications in DKD research from 2000 to 2017. The annual publication number increasedwith time.
Nephrology Dialysis Transplantation published the highest number of articles. The United States was the most influential country with
most publications and collaborations with other countries. Harvard University was the leading institute. Parving had the most cited
publications. Keywords analysis indicated that the renin–angiotensin system inhibition used to be the most prevalent research topic,
while recent research hotspots were podocyte, inflammation, and biomarker. The biomarkers for DKD screening, diagnosis, and
prognosis could be a research frontier.

Conclusions: The number of DKD related publications rapidly increased over the past 2 decades. Our study revealed the
structure, hotspots, and evolution trends of DKD research. Further studies and more collaborations are needed.

Abbreviations: ACEI = angiotension converting enzyme inhibitor, ARB = angiotensin receptor blocker, CVD = cardiovascular
disease, DKD = diabetic kidney disease, DM = diabetes mellitus, ESRD = end-stage renal disease, IF = impact factor, RAS = renin–
angiotensin system, USA = United States of America, WoSCC = Web of Science Core Collection.
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1. Introduction

The 21st century has the most diabetogenic environment in
human history, with the number of patients with diabetes mellitus
(DM) worldwide increasing to 380 million by 2025.[1] Diabetic
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kidney disease (DKD) is a major complication of DM,
approximately 20% to 40% of DM patients develop DKD.
DKD is not only one of most common causes of end-stage renal
disease (ESRD), but also an independent risk factor for the
development of cardiovascular disease (CVD) and mortality, has
brought heavy economic burden to the healthcare system all over
the world.[2,3]

The research on DKD has increased dramatically in recent
years, and many academic journals have published articles in
DKD research. Nevertheless, few attempts have been made to
analyze the evolution of scientific outputs in this field systemati-
cally. Bibliometric analysis has been widely used in various areas
to estimate previous research activity, track evolution process
and predict emerging trends in specific fields.[4,5] This paper
provided an overview of recent studies in DKD using
bibliometrics methods through VOSviewer and CiteSpace. Our
aims were to obtain the quantitative and visual information in the
global scientific outputs of DKD research, identify its hotspots
and emerging trends.

2. Materials and methods

The literature data used in this study were downloaded from the
Web of Science Core Collection (WoSCC), consisting of the
Science Citation Index Expanded, Social Sciences Citation Index,
Arts & Humanities Citation Index, Conference Proceedings
Citation Index-Science, Conference Proceedings Citation Index-
Social Science &Humanities, Book Citation Index-Science, Book
Citation Index-Social Sciences &Humanities, Emerging Sources
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Citation Index, Current Chemical Reactions—Expanded and
Index Chemicus. Online retrieval was performed using keywords
“diabetic kidney disease” OR “diabetic nephropathy.” The time
span was set to between 2000 and 2017. The publication type
was not limited. The following information was downloaded for
each publication: authors, keywords, institution, and cited
references. The data were aggregated as secondary data without
personal information, thus informed consent was not required.
This study was reviewed by the biomedical research ethics
committee of Xuzhou Central Hospital, College of Southeast
University; the review board concluded that the utilization of
data from published articles did not require oversight by an ethics
committee.
VOSviewer is effective in constructing and viewing biblio-

metric maps, has a powerful function in an easy-to-interpret way
of co-citation and co-authorship analysis.[6] CiteSpace is another
computer program for information visualization, can visualize
emerging trends and abrupt changes in specific fields within a
designated period of time.[7] VOSviewer 1.6.8 was used to
analyze the country co-authorship, institute co-authorship,
journal co-citation, authors co-citation and reference co-citation.
CiteSpace 5.2 was used to make the timeline picture for co-
citation keywords. GraphPad Prism 7 (San Diego, CA) was used
to make histograms and line charts.

3. Results and discussion

From 2000 to 2017, 9 document types were found in 27,596
publications. Excluding the retracted publication (17), early
access (1) and retraction (1), there were a total of 27,577
publications left. Among which, most were research articles
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Figure 1. Annual trends in the number of academic DKD related p

2

(74.3%), followed by review article (12.5%), meeting abstract
(8.9%), editorial material (2.4%), letter (1.1%), and a book
chapter (0.8%).
3.1. The annual trends of publications

A total of 27,577 publications in DKD research were identified
from 2000 to 2017. Figure 1 showed the annual number of DKD
related publications. The annual number of publications
continually increased over time. More and more scholars started
to research in this field especially after 2007, which led to a faster
growth in the number of publications.
There are several reasons for the rapid growth. First, the

prevalence of DM rapidly increased worldwide in decades,
mainly due to the changes in dietary and physical activity
patterns. For example, the prevalence of DM in Chinese adults
was reported to be 0.67% in 1980, then gradually increased to be
10.9% in 2013, and that for prediabetes was 35.7%.[8,9] Second,
the DKD research did have new breakthroughs in some fields,
such as histopathological diagnosis,[10–13] therapeutic agents,[14–
17] and biomarkers for early screening.[2,18–21] Third, with the
development of internet technology, massive medical data were
easier to be obtained and shared.
3.2. Journal analysis

The 27,577 articles in DKD research were published in more than
2000 academic journals. The 15 most active journals were
presented in Table 1. Nephrology Dialysis Transplantation
[impact factor (IF) 2017, 4.600] published the highest number of
articles (1066 articles, 3.863%), followed by Kidney Interna-
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Table 1

Top active 15 journals that published DKD related articles from 2000 to 2017.

Ranking Journal Country N1 (%) N2 2017 IF 5-Year IF

1 Nephrology Dialysis Transplantation England 1066 (3.863) 23,821 4.600 4.306
2 Kidney International USA 964 (3.493) 10,690 8.429 8.796
3 Diabetes USA 875 (3.171) 51,009 7.273 8.154
4 Journal of the American Society of Nephrology USA 820 (2.971) 14,552 8.655 9.01
5 Diabetologia Germany 781 (2.830) 28,919 6.023 6.365
6 Plos One USA 580 (2.102) 189,371 2.766 3.352
7 American Journal of Physiology Renal Physiology USA 537 (1.946) 5728 3.164 3.288
8 Diabetes Care USA 481 (1.743) 10,603 13.397 10.740
9 Diabetes Research and Clinical Practice Netherlands 401 (1.453) 6101 2.548 3.168
10 American Journal of Kidney Diseases USA 400 (1.449) 11,492 7.129 6.932
11 Nephrology USA 362 (1.312) 7898 2.178 2.359
12 Journal of Diabetes and Its Complications USA 313 (1.134) 1898 2.792 3.094
13 Renal Failure USA 268 (0.971) 3096 1.440 1.187
14 American Journal of Nephrology Switzerland 256 (0.928) 2034 2.884 3.162
15 Diabetic Medicine England 241 (0.873) 7903 3.132 3.401

N1 (%), total number of DKD related articles in a journal from 2000 to 20017; N2, cumulative number of articles in a journal from 2000 to 2017, N1/N2, the ratio of the total number of DKD related articles to the
cumulative number of articles from 2000 to 2017; 2017 IF, Journal Impact Factor in 2017; 5-Year IF, 5-Year Journal Impact Factor.
DKD=diabetic kidney disease, IF= impact factor, USA=United States of America.
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tional (IF 2017, 8.429; 964 articles, 3.493%),Diabetes (IF 2017,
7.273; 857 articles, 3.171%), Journal of the American Society of
Nephrology (IF 2017, 8.655; 820 articles, 2.971%) and
Diabetologia (IF 2017, 6.023; 781 articles, 2.830%). Compared
with other journals, articles in DKD research were more likely to
be accepted by these active journals.
The IF of an academic journal reflects the yearly average

number of citations to recent articles published in that journal. It
is frequently used as a measure of journal influence within its
field. Of the top active 15 journals, 10 journals had an IF > 3.0
with 6566 published articles, which accounted for 23.8% of the
total number of DKD related articles. Additionally, 4 of these 10
journals were the top 10 high-IF journals in the field of
nephrology. Comparing the rate of high-IF journals to that of all
journals (rate of journals with IF > 3.000, 20%; and IF < 3.000,
80%),[22] DKD related articles were relatively published in high-
IF journals.
Furthermore, we used VOSviewer to plot the journal co-

citation network. Co-citation means that 2 items (e.g., journals,
authors, and references) are cited when they are listed in a citing
item’s reference list. The basic assumption of co-citation analysis
is that the more frequently 2 items are co-cited, the more closely
they are linked together.[23] Journal co-citation analysis could
study overall the structure and characteristics of academic
journals network.[24]

Figure 2 showed the journal co-citation network with 300
nodes. The size of nodes represented the activity of journal, which
was the number of citations of papers published in this journal.
The distance between 2 nodes reflected the link strength between
2 nodes. A shorter distance revealed a stronger relation and a
higher citation frequency. The nodes with the same color
belonged to a cluster. The clustering technique is a weighted and
parameterized variant of modularity-based clustering.[25] Here,
the journals were divided into four clusters. The blue cluster
contains Nephrology Dialysis Transplantation, Kidney Interna-
tional, Journal of the American Society of Nephrology,American
Journal of Kidney Diseases and Transplantation, representing
journals in kidney disease and transplantation. The green cluster
contains Diabetologia, Diabetes Care, New England Journal of
Medicine and Lancet, representing journals in diabetes and
general medicine. The yellow cluster contains American Journal
3

of Physiology-Renal Physiology and Hypertension representing
journals in hypertension and cardiovascular disease. The red
cluster contains PLoS One, Journal of Biological Chemistry,
Nature, and Science represents journals in science and technolo-
gy. AlthoughDiabeteswas in the red cluster, it was also located in
the center of this map and had connections with the journals in
four clusters. Most of the top active 15 journals in Table 1 were
also shown in Figure 2, the higher IF, the bigger node, suggesting
that publications in higher IF journals had more citations and
greater influence in DKD research.

3.3. Country analysis

The 27,577 articles on DKD research were contributed by 138
countries/territories. The top 10 countries (4 European countries,
3 Asian countries, 2 American countries, and Australia)
published 22,430 articles, accounting for 81.3% of the total
number of publications (Table 2). The United States of America
had the largest number of publications (7100), followed by China
(3659), Japan (3206), Germany (1733), and Italy (1486). China
was the only developing country in these 10 countries, indicating
its great effort and progress in medicine and life sciences during
the past 2 decades.
Research projects need collaborative strengths to complete.

Co-authorship research is an index to assess the current status of
research in a specific field.[26] Country co-authorship analysis
reflects the degree of communication between countries as well as
the influential countries in this field. The country co-authorship
network with 98 nodes was showed in Figure 3. Different colors
represented the diversification of research directions. The bigger
nodes represented the more influential countries in this field. The
links between nodes represented the cooperative relationships
among institutes. The distance and thickness of links represented
the degree of cooperation among countries. Figure 3 showed that
the United States was not only the research center but also closely
cooperated with many countries in DKD research, such as
Canada, Germany, England, Japan, and China. This map
indicated that developed countries in America and Europe had
close cooperative relationships, and the geographical advantage
was not the primary influencing factor. More cooperation could
bring more advanced achievements in scientific research.

http://www.md-journal.com


Figure 2. The journal co-citation network of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.
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3.4. Institution analysis

More than 1000 institutions contributed to the publications on
DKD research. The top 10 institutions (3 institutions in the
United States, 3 in Australia, 1 in Denmark, Canada,
Table 2

Ranking of countries and institutions that published DKD related art

Ranking Country Frequency

1 USA 7100
2 China 3659
3 Japan 3206
4 Germany 1733
5 Italy 1486
6 England 1280
7 Australia 1259
8 Canada 936
9 South Korea 922
10 Spain 849

DKD=diabetic kidney disease, USA,=United States of America.

4

Netherlands, and Finland) published 3082 articles, accounting
for 11.2% of the total number of publications. Harvard
University ranked first place, followed by Steno Diabetes Center
and University of Melbourne (Table 2).
icles from 2000 to 2017.

Institution (Country) Frequency

Harvard University (USA) 472
Steno Diabetes Center (Denmark) 378
University of Melbourne (Australia) 316
Monash University (Australia) 292
University of Michigan (USA) 289
University of Toronto (Canada) 287
University of Sydney (Australia) 273
University of Groningen (Netherlands) 267
University of Helsinki (Finland) 255
Vanderbilt University (USA) 253



Figure 3. The country co-authorship network of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.
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Institution co-authorship analysis reflects the degree of
communication between institutions as well as the influential
institutions in this field.[26] Here, we ranked institutions by a
number of citations of their published articles. Figure 4 showed
the institute co-authorship network with 100 nodes (top 100
influential institutions). The Harvard University from the United
States, the Steno Diabetes Center from Denmark, and the
University of Pennsylvania from the USA were the top 3
influential institutes with the largest number of citations in DKD
related publications. The rank of an institution in a number of
published articles could be different from the number of citations.
For example, the number of publications in DKD research from
the University of Helsinki ranked ninth, while the total of
citations of these articles only ranked 34th. Although China
contributed a large number of publications and ranked in the
second place in countries (Table 2), only 1 institution could be
found in the top 100 nodes, that was the Chinese University of
Hong Kong, which ranked 33rd. These results suggested that the
quality of some academic articles should be improved.
5

3.5. Author and reference co-citation analyses
These 27,577 articles were drafted by more than 20,000 authors.
These authors were ranked by a number of citations of their
published articles. The top 500 authors were presented in the co-
citation cited author network (Fig. 5). The largest node was
Parving et al[27,28] (3945 citations), indicating that his important
role in DKD research. Parving et al[29] had reported the renal and
cardiovascular protective effects of blockade of the renin–
angiotensin–aldosterone system in DM patients, such as theNew
England Journal of Medicine and Kidney International. There
were 5 clusters with different colors, authors in the same cluster
usually suggested that they studied in a similar field and had close
cooperation with each other.
When 2 papers are cited simultaneously in a third paper, it is

considered that these 2 papers establish a co-citation relation-
ship.[23] Here, references were ranked by the number of their
citations, then we constructed a co-cited reference map with 500
nodes (top 500 cited references) and 81,450 links (Fig. 6). In the
reference co-citation network, the size of the nodes not only

http://www.md-journal.com


[32]

Figure 4. The institution co-authorship network of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.
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revealed the number of its citations but also illustrated their
association with DKD research. For example, in Figure 6, the
biggest node was the article by Brenner et al[30] BM, titled
“Effects of losartan on renal and cardiovascular outcomes in
patients with type 2 diabetes and nephropathy,” which was
published inNew England Journal of Medicine 2001. This paper
was cited 1850 times altogether in these 27,577 DKD related
publications and was cited more than 4200 times in the WoSCC.
Parving, the author with most citations of publications in DKD
research (Fig. 5), was also one of the co-authors of this article.

3.6. Emerging trends and research frontiers of DKD

The topics involved in DKD research can be delineated in the
keywords assigned to each article. Keywords provide a
reasonable description of research hotspots, thus burst keywords
represent research frontiers and predict emerging trends.[4,7]

Here, CiteSpace 5.2 was used to capture the keywords with the
strongest citation bursts that identified as research frontiers
during 2000 to 2017. The time intervals were plotted on the green
lines, while the periods of burst keywords were highlighted in red,
indicating the beginning and end of the time interval of each
burst.[31] The top 25 research frontiers of DKD research were
listed in Figure 7.
From 2000 to 2008, the keywords “renin–angiotensin system

(RAS) inhibition” and “Angiotensin II” suggested that RAS
inhibitors [e.g., angiotension converting enzyme inhibitor (ACEI)
and angiotensin receptor blocker (ARB)] were the research
hotspots in patients with DM andDKD. Hypertension is a part of
the natural history of DKD and could accelerate its progression.
Long-term blood pressure control is associated with a reduction
6

in the incidence of DKD in DM patients with hypertension.
The renoprotective effects of ACEI or ARB have been confirmed
in DKD patients, and RAS inhibitors have been recommended to
titrate up to the maximum approved dose in the absence of side
effects or adverse events.[15] The keywords “extracellular
matrix,” “protein kinase C,” “transforming growth factor-beta”
and “messenger RNA” reflected the main research areas in
pathology and etiology of DKD. During this period, chronic
complications of DM, such as “diabetic nephropathy” and
“retinopathy” were the most concerned topics. Since 2003, the
term “diabetic nephropathy” was gradually replaced by the term
“diabetic kidney disease.”
From 2008 to 2015, the “microvascular complication” of DM

and the association between DKD and “metabolic syndrome”
became the research hotspots. The investigators started to use
“urinary albumin excretion” to evaluate the degree of proteinuria
in DKD patients. The study of cardiovascular diseases (CVDs)
and vascular function in DKD patients gradually attracted
attention with burst keywords “blood pressure,” “atherosclero-
sis,” “glycation end product,” “nitric oxide” and “smooth
muscle cell.” DKD is one of the most common microvascular
complications of DM, and also predominantly account for the
increased risk of CVDs in DM patients.[33] Since CVDs are the
leading causes of morbidity and mortality in DM patients,
multiple risk factor control for CVDs has been discussed widely.
For example, the classical CVD risk factors include hyperglyce-
mia, hypertension, dyslipidemia, smoking, as well as overweight
or obese,[34] therefore, Hamada and Gulliford[35] reported that
multiple risk factor control, consisting of four components:
HbA1c <53mmol/mol (<7.0%), BP <140/90mm Hg, total
cholesterol <5mmol/L and no smoking, which could achieve



Figure 5. The co-citation cited author network of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.

Figure 6. The reference co-citation network of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.
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Figure 7. The keywords with the strongest citation bursts of DKD related publications from 2000 to 2017. DKD=diabetic kidney disease.
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lower relative hazards for CVDs and its related mortality in DKD
patients. More studies on the management of complications of
DKD and CVDs are still needed.
In recent years, research hotspots in pathology and etiology of

DKD switched to “podocyte,” “apoptosis,” “fibrosis,” “in-
flammation,” and “nuclear factor kappa B.” With new
technologies developing, identifying novel “biomarker” for
DKD screening, diagnosis and prognosis had made great
progress, such as the genome sequencing, epigenetics, and omics
technologies.[2,18,19] For example, the CKD273 classifier, based
on 273 urinary peptides, was well suited for early detection of
DKD in patients with type 2 DM, who had no sign of DKD with
normal estimated glomerular filtration rate (eGFR) and normo-
albuminuria.[20,21] Some other biomarkers, such as a1-micro-
globulin (a1-MG), b2-microglobulin (b2-MG), inflammatory
markers (e.g., C-reactive protein, interleukin-6, and tumor
necrosis factor-a), as well as several angiogenic and anti-
angiogenic factors (e.g., vascular endothelial growth factor
(VEGF), VEGF receptors, angiopoietins and endostatin) were
reported to play important roles in early detection, therapeutic
prevention and implementation of DKD.[36–38] Plasma tumor
necrosis factor receptor-1 (TNFR-1), TNFR-2, and kidney
injury molecule-1 (KIM-1) were independently associated with
higher risk of eGFR decline in patients with early or advanced
DKD.[39,40] The research in “biomarker” should still be a
direction in the future. Personalized screening and intervention
will be provided to DKD patients, according to the individual
8

clinical phenotypes, such as “omics”-based biomarkers, the rate
of progression, the degree of comorbidities, and response to
interventions.
There are limitations in our study. These results are based on

statistical analysis of academic publications in the WoSCC,
which is a large and comprehensive database with a collection of
high-quality literature, but it does not index all scientific journals,
therefore, some articles in DKD could be missed. The WoSCC
might also bring some bias by over-representing journals in
English.
4. Conclusions

This study investigated the global scientific outputs of DKD
research, analyzed its structure, hotspots, and evolution trends
from 2000 to 2017. During this period, the number of DKD
related publications increased. Nephrology Dialysis Transplan-
tation published the highest number of articles on DKD research,
followed by Kidney International, Diabetes and Journal of the
American Society of Nephrology. The United States was the most
influential country, not only contributed the highest number of
articles but also closely cooperated with many other countries.
The Harvard University from the United States was the most
influential institution with the largest number of publications and
citations. Parving had the most cited publications. RAS inhibition
used to be themost prevalent research topic, while recent research
hotspots were podocyte, inflammation, and biomarker.
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Overall, our findings could be important supplements to the
traditional research and provide valuable information to identify
new perspectives and shape future research directions. DKD is
still a research hotspot, and biomarker for DKD screening,
diagnosis and prognosis could be a research frontier in the future.
Further studies andmore collaborations are needed inDKD study
worldwide.
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