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Original Article

Trends in Worldwide Research in Hypertension
Over the Period 1999-2018
A Bibliometric Study

Patrick Devos®, Joé€l Ménard

Abstract—Bibliometric analysis, a powerful tool for assessing trends in research output, was employed to analyze the
evolution of hypertension research over a 20-year period. The analysis was based on 90 308 original articles and a citation
analysis. The use of bibliometric as a potential tool for shaping research policy at the institution or country level was
also explored. The number of published hypertension articles increased by 43.5% over the 20-year period. By contrast,
the increase in the number of articles in all medical disciplines was 96%, and in the cardiovascular field was 64%. Of
the 6 countries producing the largest number of articles, the United States was consistently the major contributor. There
was a slight decrease from Japan, a slight increase from the United Kingdom, and relatively stable output from Germany
and Italy over the study period. Output from China showed the strongest growth. The trends in Specialization Index and
Category Normalized Citation Impact varied by country. In Russia, Poland, and Brazil, increases in output were greater for
hypertension research than for medical research in general. The United Kingdom and Denmark had greater hypertension
research output than the other countries. VOSviewer analysis showed an intensification of collaborations between
countries and a shift, over 10 years, from 3 clusters towards 2 clusters. Such analysis may help to shape research policy
at the country level and can be similarly performed for institutions. Historical changes in hypertension research can be
monitored over decades if the same channels continue to be used for communication of scientifiGresults. (Hypertension.
2020;76:00-00. DOI: 10.1161/HYPERTENSIONAHA.120.15711.) ® Data Supplement Aiizdiaton.

Graphic Abstract—A graphic abstract is available for this article.

KeyyWords:rbibliometrics ® category normalized citation impact ® pdblications ® PubMed
B spegialization=index

EDLINE rémains to date the largest publications data-

base in the biomedical field. Thisfact, together with free
access via the PubMed portal, has led to the database being
widely used by researchers for literature reviews, meta-analy-
ses, and bibliographic research. Over the past 20 years, there
has been rapid development in bibliometric analyses. In 1999,
=160 articles about bibliometrics were published and made ac-
cessible via PubMed; in 2019, this figure had risen to 850. In
total, >11000 bibliometric articles were published and made
accessible via PubMed in this time period.

Bibliometric assessments provide objective data on scien-
tific output in a disciplinary field (eg, physics, mathematics,
biology), a medical specialty (eg, cardiology, radiology), or
a disease area (eg, tuberculosis, brain tumors, or hyperten-
sion).'* Comparisons are commonly made between countries,
institutions, and disciplines, and temporal trends are frequently
analyzed. Bibliometrics is also very important in providing in-
formation that helps a nation to shape its research policy (eg,

determining support for centers of scienfific excellence or for
specific research related to local public health needs).**
Bibliometrics uses metrics (indicators) to evaluate research
performed in countries, institutions, or disease areas. For ex-
ample, we can cite the main university rankings: the Shanghai
ranking,’” the Leiden ranking,® or the Times Higher Education
ranking.’ Use of overall scores is attractive because it appears to
be straightforward. For this reason, scores are often reported in
the media. However, interpretation of these scores merits care-
ful consideration—and often requires more in-depth analysis.
Recently, recommendations have been made to promote ethical
use of bibliometrics to minimize abuse, especially with regard
to the calculation of indicators at the individual level.'*!
Calculations of the various bibliometric indicators are
performed using software that analyses the corpus of publica-
tions based on queries, either on addresses (rankings) or on
key words (disease areas), with risks of errors related to the
query terms. In general, the number of documents returned
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by these types of query can reach several thousands; it would,
therefore, be very difficult to check manually how each item
corresponds to the field being investigated. However, it is im-
portant to check the aptness of the queries used via sampling.

We have previously conducted a bibliometric analysis of
the scientific output in hypertension. As there were few data
already available on the scientific output on hypertension,
we assessed trends in European research into hypertension
between 1997 and 2016." This assessment made it possible
to compare the scientific output of the European Union with
that of the United States and a few other large countries, as
well as the impact of this research in terms of citations. It
did not include the use of the Specialization Index (SI), and
therefore, did not take into account the overall biomedical
research output of these countries, so we could not assess
whether hypertension research was more or less developed
than the overall biomedical research of each country. This
assessment made it possible to compare the scientific output
of the European Union with that of the United States and a
few other large countries, as well as the impact of this re-
search in terms of citations.

The objectives of the present study of hypertension re-
search are (1) to verify whether the trends observed up to 2016
are continued in 2017 and 2018; (2) to identify the 20 coun-
tries contributing most to hypertension research output over
4 periods of 5 years; (3) to look for possible links between
country specialization and scientific impact; and (4) to discuss
how these results-eontribute~to understanding of the research
policies of differenficountries, and whether.they could influ- £
ence these policies by pro prov1d1ng a réasonrng framework that

can be used within each country by research mstrtu;lons or @i

hypertension societies.

and

Methods

Data were extracted from the PubMed database'® using a query based
on MeSH major topics'* and titles. PubMed does not allow analyses
based on addresses or citations.

Analysis was performed on articles published in the period 1999
to 2018, examining four 5-year periods within this time span (1999—
2003, 2004-2008, 2009-2013, and 2014-2018).

Bibliometric analysis was, therefore, performed using InCites, an
analytical tool developed and marketed by Clarivate Analytics'® and
based on data indexed in Web of Science. Only documents defined
as an article in Web of Science were included in the analysis; other
documents such as recommendations, guidelines, reviews, letters, or
editorials were excluded.

The authors declare that all supporting data are available within
the article and in the Data Supplement.

Search Terms
We used a specific query that we had applied in our previous
work on hypertension.'> This query was reviewed to exclude
heart failure. MeSH terms are available only for articles already
indexed in MEDLINE; therefore, we also searched the PubMed
database based on the article title and a list of journals special-
izing in hypertension. The manual review of each summary of the
top 1% most cited articles were performed to exclude patholo-
gies not related to hypertension. The item “heart failure”, as other
exclusion terms, was specifically eliminated from the search.
Research was focused on original articles to look for new contri-
butions to knowledge.

A detailed analysis was performed on articles published in the
2 most recent periods (2009-2013 and 2014-2018) and classified
in the top 1% (ie, the 1% most cited articles globally, adjusted by

publication year and Web of Science category) to verify the validity
of the query.

After several iterations, the following search string was used in
this study. ((Hypertension[majr] OR Antihypertensive Agents[majr]
OR Pheochromocytoma[majr] OR Hyperaldosteronism[majr] OR
Renin[majr] OR Angiotensin-Converting Enzyme Inhibitors[majr]
OR Aldosterone[majr] OR Renin—-Angiotensin System[majr]
OR Angiotensin II[majr] OR Receptors, Angiotensin[majr]
OR Angiotensinogen[majr] OR Vascular Stiffness[majr]
OR Angiotensin II Type 1 Receptor Blockers[majr] OR
Angiotensin Receptor Antagonistsimajr] OR hypertension[ti] OR
aldosteron*[ti] OR angiotensin*[ti] OR hyperaldosteronism[ti]
OR pheochromocytoma[ti] OR renin*[ti] OR ‘arterial stiffness’[ti]
OR ‘vascular stiffness’[ti]) OR (J Hypertens[Journal] OR
Hypertension[Journal] OR Am J Hypertens[Journal] OR J
Hum Hypertens[Journal] OR J Renin Angiotensin Aldosterone
Syst[Journal]) NOT (‘Hypertension, Pulmonary’[mh] OR ‘Ocular
Hypertension’[mh] OR ‘Hypertension, Portal’[mh] OR ‘Heart
Failure’[mh] OR pulmonary[ti] OR Intracranial[ti] OR ’Practice
Guideline’[Publication Type] OR Guideline[Publication Type]))
AND ‘journal article’[Publication Type]

Analysis

After extraction, data were transferred into InCites for analysis of
several bibliometric indicators relating to countries. We first looked
at the number of documents identified in PubMed, then the number
of documents found in Web of Science after transfer, and finally, the
number of documents declared as articlgs in InCites.

We then looked at the contributi rememajor countries to the
global output, assessed on the basis of'the AUfifB&r of articles that had
authors from each country.

In addition, 2 other bibliometric indicators were computed.

» The SI is the ratio &F the percentage of articles from a given

wp, COuNtry, relating to_specific, dlsease area to the percentage of

A Darticles abolit the same diSease’ are?l Wor1$w1de If the index is

>1, the country is regarded as having an over-specialization in
o that disease area; if it.is <l,.the country'is regarded as having
an under-specialization.

» The Category Normalized Citation Impact (CNCI) of an article
is the ratio of the observed number of citations to the expected
number of citations (defined as the mean number of citations
for all articles published in the same year in the same Web of
Science category). Using a normalized bibliometric indicator
compensates for the fact that the number of citations of an ar-
ticle is influenced partly by the year of publication (older arti-
cles have had more opportunity to be cited) and the size of the
scientific field.

Finally, we identified collaborations between countries for arti-
cles classified in the top 10% (ie, the 10% most cited articles glob-
ally, adjusted by publication year, and Web of Science category) in
the periods 1999 to 2003 and 2014 to 2018. We used the VOSviewer
software developed by the Centre for Science and Technology
Studies (the bibliometric department of Leiden University, Leiden,
the Netherlands) to enable collaborations between researchers, in-
stitutions, or countries to be visualized.'®!” The software allows to
visualize the collaborations between the authors of a list of publica-
tions. A classification method, using a metric based on the num-
ber of co-authored articles, allows countries or researchers to be
grouped into different groups (clusters), researchers belonging to
the same group having a high level of collaboration. Then, a 2-di-
mensional representation is used to visualize the resulting clusters.
The size of each colored circle is proportional to the total number
of articles from that country or author, and the distance between 2
circles is inversely proportional to the number of cooperative ar-
ticles. The thickness of the connecting lines reflects the strength
of collaborations. Colors are used by the software to differentiate
clusters. On the basis of authors ‘addresses, the same technique can
be applied to institutions. The number of researchers, institutions,
or countries to be considered in the analysis is based on the choice
of a minimum number of articles or citations.
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Results

Our literature search identified 127786 documents in PubMed
for the period 1999 to 2018. Of these, 100789 were indexed
in Web of Science and were available via the InCites platform
and 90308 were declared to be original articles (70.7%). The
percentage of PubMed documents that were indexed in Web
of Science and declared to be articles remained at a similar
level over the 20-year period (Table S1 and Graph S1 in the
Data Supplement).

Figure 1 shows the trends in research output for the 6
countries that had >5000 articles related to hypertension
over the past 20 years. The United States output remained
predominant over this period and showed an increase
overall in the number of articles published. There was a
slight decrease in output overall from Japan, a slight in-
crease in output from the United Kingdom and a relatively
stable output from Germany and Italy. Most notable was the
growth in output from China. At a worldwide level, how-
ever, the growth in the number of articles was less for hy-
pertension (+43%) than for all biomedical articles (+96%)
or cardiovascular articles (+64%; Table S2).

Table 1 lists the 20 countries with the most hypertension-
related articles published in the period 1999 to 2018. As well
as presenting the total number of articles by country and glob-
ally, the table shows the corresponding market share for each
country, the number of articles published in the four 5-year
study periods, and_the percentage change in the number of
published articles from the ﬁrst to_the last 5-year period.
Worldwide, there waFan:mcrease Qf 7% frlonuhe first to |
the last period. The country w1th the greatest peércenfage in-
crease in hypertension research output was“China €+1551%)
followed by South Korea (+412%), Poland (245%), Brazil
(+238%), Turkey (+208%), and Taiwan (+187%). The hy-
pertension research output from France (-23%) and Japan
(=15%) decreased slightly. Numbers of articles by year of
publication are available in Table S3.

We then investigated whether these trends were specific to
hypertension research or reflected general trends in biomed-
ical research in these countries.

Table 2 shows that the CNCI for the global output is close
to 0.95 level for all four 5-year periods, which means that re-
search in hypertension is cited to a similar extent to research in

y

(the-United States, ljmted ngdom
‘the other on Gcrmany, ltaly,, the Netherl
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other disease areas. At the country level, SIs and CNCIs vary
across study periods and from one country to another.

To interpret the trends better, SIs were plotted against
CNClIs for each of the 20 countries for the first and last of the
5-year study periods (Figure 2). The sizes of the bubbles are
proportional to the number of articles published. We noticed
marked changes over time for some countries. Russia showed
a small increase in SI but a large increase in CNCI; Taiwan
increased both its SI and its CNCI; and Poland strongly
increased its SI and slightly increased its CNCI. Italy slightly
increased its CNCI but sharply decreased its SI. The United
Kingdom and Denmark increased their SI slightly. United
Kingdom sharply increased its CNCI while Denmark sharply
decreased its CNCI. For China, little change was seen in SI and
CNCI, though the bubble size (number of articles) increased
markedly. Other countries showed relatively little change.

Finally, we looked at collaborations between countries
in the first and last 5-year periods. To restrict the analysis
to articles with an important scientific impact, we focused
on the 10% of articles that were most cited articles in each
period. Analysis of these articles was then performed using
VOSviewer software (Figure 3). Only countries with at least
25 articles in the top 10% for each of these periods are pre-
sented. In the first period, 3 clustegsfappeared: one focused on
countries in the European Unio {ReT focused on Nordic
countries, and the third centered on the United States. Germany
and United Kingdom, 2 members of the European Union at
the time of the study, héld one of the central positions. In the
last periods2 clusters were observed: one, cluster focused on
anada and China, and
nds and France. In
this last period, the United Kingdom had moved closer to the
United States but also remained near of the European cluster.
‘When a similar analysis was conducted for individual inves-
tigators in the same 2 periods, the top 10% most cited articles
showed complete reorganization of collaborations with differ-
ent clusters (Graph S4 and Graph S5).

Discussion
Our bibliometric analysis of the worldwide output of arti-
cles in the field of hypertension revealed major changes over
the period 1999 to 2018. There has been an increase in the
number of articles, an increase in the number of collaborations

1800 4
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Figure 1. Numbers of articles by year of
publication for the 6 countries that had a total
of >5000 articles related to hypertension over
the 20-year study period.
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Table 1. The 20 Countries Contributing the Most Hypertension-Related Articles Published Between 1999 and 2018, Listed by Decreasing Number of Articles

No. of Articles Change From First to

Total Number of | Proportion of Total Fourth 5-Year
Country Articles Number (%) 1999-2003 2004-2008 2009-2013 2014-2018 Period (%)
World 90308 18808 20605 24 247 26648 41.7
United States 27395 30.3 5835 6425 7466 7669 314
Japan 9736 10.8 2533 2527 2520 2156 -14.9
China 8245 9.1 284 957 2314 4690 1551.4
United Kingdom 6188 6.9 1384 1374 1551 1879 35.8
Germany 5821 6.4 1491 1417 1486 1427 -4.3
[taly 5684 6.3 1404 1430 1458 1392 -0.9
Canada 4147 4.6 888 1003 1068 1188 33.8
France 4043 4.5 1180 995 958 910 -22.9
Australia 3577 4.0 695 773 964 1145 64.7
Brazil 3484 39 381 714 1101 1288 238.1
Netherlands 3199 35 544 772 858 1025 88.4
Spain 3120 35 641 777 831 871 35.9
South Korea 2150 2.4 181 371 671 927 412.2
Sweden 2069 2.3 530 490 502 5‘& 3.2
Turkey 1883 2.1 211 469 552 “ Amaticey 208.5
Switzerland 1737 1.9 411 384 459 483 17.5
Poland 1706 1.9 200 318 499 689 2445
Taiwan i
Denmark
Russia

between countricSiiand Changes in' the' relative contributions N ATIguidelines and consensus statements were excluded

of different countries. The increase in the published research
in hypertension is, however, markedly less than the corre-
sponding increase in biomedical fields overall and in cardio-
vascular research.

Like any bibliometric analysis, the results of our study have
been influenced by the database used and the query posed:
limiting the analysis to original articles included in Web of
Science excluded about 30% of the corpus of articles identi-
fied via PubMed. A preliminary analysis of the initial search
results from France revealed that the top 10% most cited ar-
ticles included a number on heart failure (as an initial query
had not excluded congestive heart failure). This confusion
arose from the multiplicity of actions of the renin—angioten-
sin aldosterone system and the numerous inhibitors used for
indications other than hypertension. In the worldwide results,
articles on congestive heart failure accounted for only 3% of
the publications, but the impact could have been greater when
analyzed at a regional level. Furthermore, the prevalence of
heart failure is growing faster than hypertension, which could
lead to a marked impact on future searches. This highlights
the need not only for skill in data extraction and analysis, but
also for expertise in the field to enable verification of the con-
sistency of the results obtained in terms of scientific content,
authors, and institutions.

from the analysis because of the absence of transparency in
the choice of authors, which is likely to generate differences
between recommendations. Georg et al'® compared the bib-
liographic references for the rationales of 4 guidelines for
hypertension management across countries published be-
tween 2003 and 2006. Of the total number of references,
1.2%, 2.2%, and 8.8% were common to 4, 3, and 2 au-
thoring bodies, respectively. Park et al' conducted a bib-
liometric analysis including co-citation network analysis,
which showed major differences in the choice of references;
this explains some of the differences between United States
and European guidelines.

Our analysis shows that the number of publications alone
is not sufficiently informative, because it provides only a vol-
umetric analysis. CNCI, based on the number of citations,
investigates the impact of scientific output better than the
total number of articles (many of which will never be cited).
However, the number of citations can be biased, because refer-
ence to an article may be either confirmatory or contradictory.
At the country level, China increased its number of publica-
tions nearly 16-fold but hardly moved in terms of SI. This
means that the observed increase is a general characteristic
of scientific output in China during this time period and is
not specific to hypertension. When a change in a country SI
is observed for one disease compared with others, it raises the
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Table 2. Specialization Indices and CNCls for the 20 Countries Contributing the Most Articles for the Four 5-Year Periods, Listed by Decreasing Number of Articles

question of how
in SI can also be used to assess the association of scientific
output with the burden of disease in the country, and with pre-
vious public and private funding.*

1999-2003 2004-2008 2009-2013 2014-2018
Country Total N Sl CNCI N S| CNCI N Sl CNCI N S| CNCI
World 90308 | 18808 0.95 | 20605 0.93 | 24247 0.94 | 26648 0.95
United States 27395 | 5835 0.83 1.30 6425 0.86 1.27 7466 0.91 1.26 7669 0.89 1.36
Japan 9736 2533 1.45 0.74 2527 1.60 0.81 2520 1.69 0.77 2156 1.43 0.87
China 8245 284 1.38 0.69 957 1.56 0.86 2314 1.43 0.83 4690 1.33 0.86
United Kingdom 6188 1384 0.76 1.24 1374 0.74 1.38 1551 0.77 1.58 1879 0.85 1.77
Germany 5821 1491 0.93 1.10 1417 0.86 1.04 1486 0.83 1.30 1427 0.77 1.38
Italy 5684 1404 1.59 1.05 1430 1.40 1.09 1458 1.22 1.15 1392 1.08 1.21
Canada 4147 888 1.03 1.34 1003 0.99 1.31 1068 0.87 1.43 1188 0.88 1.41
France 4043 1180 1.1 1.00 995 0.96 1.06 958 0.88 1.32 910 0.80 1.33
Australia 3577 695 1.27 1.31 773 1.13 1.52 964 1.02 1.51 1145 0.95 1.49
Brazil 3484 381 1.58 0.68 714 1.55 0.79 1101 1.44 0.81 1288 1.57 0.84
Netherlands 3199 544 0.97 1.53 772 1.14 1.20 858 1.03 1.54 1025 1.09 1.45
Spain 3120 641 1.29 0.97 777 1.30 0.78 831 1.06 1.23 871 0.97 1.24
South Korea 2150 181 0.78 0.99 371 0.87 0.83 671 0.89 0.78 927 0.97 0.78
Sweden 2069 530 112 1.59 490 1.05 1.49 502 0.98 1.55 547 0.93 1.43
Turkey 0.85 0.56 469 1.00 0.55 552 1.00 0.6‘% 651 1.06 0.58
Switzerland 1.11 1.21 384 0.93 1.34 459 0.89 1.41 488 0.79 1.29
Poland 1.55 0.69 318 1.58 0.76 499 1.73 1.18 689 1.88 0.93
Taiwan 0.69 1.36 0.95
Denmark 1.10 1.56
Russia 2.21 0.64

21
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research comes from France. This is higher than might be
expected given that France’s contribution to global research
output, and its gross domestic product, both account for =4%

Figure 2. Changes in specialization indices
and Category Normalized Citation Impacts for
the periods 1999-2003 to 2014-2018 for the
20 countries making the most contribution to
hypertension research output.
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Figure 3. VOSviewer analysis of collaborations
for the periods 1999-2003 (Top) and 2014-
2018 (bottom), based on the top 10% of
articles cited. The size of each colored circle

is proportional to the total number of articles
with authors from that country. The distance
between 2 countries is inversely proportional to
the number of articles from those 2 countries.

[

American
Heart
Association.

to 5% of the global total, but reflects the priority that France
gives to investment in space research.

Our analysis shows the potential benefit of combined use
of SIs and CNCls. The 2 parameters provide different perspec-
tives and allow identification of different trends in research
output. For example, in this study the United Kingdom had a
ST slightly below 1 but a CNCI that was gradually increasing.
Russia had a high SI during both the first and the last periods
but a CNCI that was struggling to increase. China had little
movement in either the SI or the CNCI. We can speculate about
the causes of over- or under-specialization relating to a given
disease area in a given country. It undoubtedly depends on col-
laboration networks. These will be helped when overseas post-
doctoral researchers return to their home countries but continue
to collaborate within the framework of international networks,
thereby increasing the connections between countries—trends
that can be illustrated by VosViewer algorithms.

Analysis of the top 10% most cited articles over the 1999
to 2003 and 2014 to 2018 periods showed some changes in
collaborations in hypertension research between the major
industrialized countries. There was greater proximity between

the United Kingdom and the United States in the last 5-year
period compared with first period, although clustering of
European countries remained strong. There was also a marked
increase in collaborations between China and other regions,
particularly North American and European countries. Analysis
of collaborations between authors revealed clustering around
a few international leaders.

Bibliometric indicators are numerical data that allow
sorting and classification. Unfortunately, these indicators are
subject to misuse by individuals, institutions, and countries
alike, in communicating superficially examined classifica-
tions and rankings to university or private bodies for the pur-
pose of regulating careers and research funding, it is much
more important to use such data to examine research trends
at different levels (eg, countries, universities, research institu-
tions, and hospitals) and to stimulate cooperation rather than
to establish rankings.

In conclusion, the profile of hypertension research output
has changed dramatically over the past 20 years, and analyz-
ing these changes may be useful for Hypertension Societies
all over the world. Although care must be taken when using
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bibliometric indicators, they can provide insight into the con-
tribution that research groups make within their own country
as well as assessing research relationships with other coun-
tries. Increased hypertension research output from China in
the last 5-year period of this study was seen to correlate with
increased collaboration with other nations. Exchange of young
researchers and technologies between countries will contribute
to advances in hypertension research internationally, which
will be particularly important for low- and middle-income
countries.

Periodic bibliometric analysis at the national and in-
ternational level will provide information on trends in hy-
pertension research output. As we have previously shown
for European research, bibliometric analysis also reveals
where main scientific results are disclosed and compares
the evolution of various research fields (eg, epidemiology,
genetics, cardiology, endocrinology, and nephrology)
and approaches (eg, meta-analyses, socio-economic
approaches). Blood pressure research should continue
leading instead of behind cardiovascular research, because
it is really the converging point of hemodynamics (phys-
ics), cell physiology, genetics, clinical investigation, and
public health. Blood pressure is the best monitoring and
modifiable marker of cardiovascular health. Adoption of a
scientific approach instead of simple production of unveri-
fied matrices means that periodic bibliometric analysis can
provide valuable insights to policy-makers, enabling them
to base decisions@m objective data.

Trspectlves

We are currently considering several further, analyses () a L, \

more in-depth analysis of selected pathologles within the field
of hypertension, such as secondary foris of hypertension; (2)
a comparison of research output trends in other disease areas
for which the combination of bibliometric and medical skills
are useful; and (3) periodic repetition of such analyses to ob-
serve the temporal trends in research outputs and eventually to
encourage collaborations.
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What Is New?

e A worldwide bibliometric analysis of hypertension research output be-
tween 1999 and 2018.

e Evolution of the research output in hypertension from 20 major countries.

o First analysis of specialization and impact of this research.

What Is Relevant?

e Major changes in worldwide hypertension research output over the past
20 years.

Novelty and Significance

e Complementarity of bibliometric indicators.

Summary

e Bibliometrics is an efficient tool contributing to understanding trends in
research in a specific field.

e Bibliometrics can be used by hypertension societies and policy managers
to improve public health and research investments.






