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Abstract 

Background The term “blood pressure variability” refers to the degree of fluctuations in blood pressure over a speci-
fied period. Given the ongoing emergence of clinical concepts and innovative technologies, a bibliometric analysis 
was undertaken to reveal worldwide research patterns, focal areas, scientific frontiers, and output characteristics 
related to blood pressure variability between 2000 and 2022.

Materials and Methods A bibliometric analysis was performed to assess the number of publications, keywords, 
journals, citations, affiliations, and countries. The Web of Science Core Collection was used to retrieve relevant litera-
ture and associated information from the period spanning 2000–2022. To provide a comprehensive visual analysis 
of the research trends and hotspots related to blood pressure variability, the visualization tools VOSviewer and CiteS-
pace were employed.

Results A total of 3188 documents (including 2815 articles and 373 reviews) published from 2000 to 2022 were 
retrieved, indicating consistent growth in the volume of publications over the specified duration. JOURNAL 
OF HYPERTENSION is the leading journal on BPV. The United States was identified as the most significant contributor 
to this research area, whereas UDICE FRENCH RESEARCH UNIVERSITIES from France emerged as the leading institu-
tion actively engaging in relevant research. The scholarly contributions of Kario, Kazuomi, Su, Ding-Feng and other 
researchers were deemed notable. Powers. WJ’s paper, published in 2018, received the highest global citation score. 
Keywords such as “hypertension”, “blood pressure”, “mortality” and “stroke” were found to be the most frequently recur-
ring, and research on blood pressure variability encompasses both clinical and fundamental investigations.

Conclusions The number of studies conducted in the field of blood pressure variability has consistently increased 
over time. This article presents a comprehensive overview of the foremost scholarly journals, nations, academic 
institutions, researchers, and extensively referenced articles on a global scale. Research in this domain has transitioned 
from investigating the underlying mechanisms associated with fluctuations in blood pressure to appraising the pub-
lic health implications of blood pressure variability. Mounting recognition of the clinical significance of blood pres-
sure variability has established robust groundwork for forthcoming advancements in clinical medicine and scientific 
inquiry.
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1 Introduction
Blood pressure variability (BPV) [1] refers to the extent 
of changes in blood pressure over a specific duration and 
was first introduced by Hammarstrom et al. [2] in 1948. 
Despite the commonly held belief that blood pressure 
is a relatively stable physiological quantitative indicator, 
BPV is subject to fluctuations due to the variety of envi-
ronmental, behavioral, and emotional stimuli encoun-
tered in daily life [3]. From a physiological perspective, 
BPV may reflect the adaptive fluid and neural responses 
of the body to these stimuli while also indicating changes 
in cardiovascular regulatory mechanisms that can influ-
ence cardiovascular prognosis [1]. Currently, BPV is 
recognized as an independent risk factor [4–6] for sig-
nificant cardiovascular diseases and has been extensively 
adopted in disease management across various fields. For 
example, BPV-based management strategies are consid-
ered one of the most effective methods in intraoperative 
blood pressure management guidelines [7], and BPV also 
plays a critical role in target-oriented fluid therapy [8]. 
Research on BPV is highly important for managing peri-
operative patients, public health, and chronic diseases 
because elevated BPV can lead to organ damage, cardio-
vascular incidents, and even mortality. Notably, multiple 
risk factors can influence BPV [9–11].

While the concept of BPV has been implemented for 
an extended period, modern research advances have led 
to more precise definitions and measurement techniques 
[12]. However, recent shifts in the trends and hotspots 
of BPV research present challenges for researchers and 
highlight the need for further exploration of this topic 
[13]. Conducting a quantitative analysis of the current 
state of research, focus areas, and future prospects for 
BPV is crucial for achieving a better understanding of this 
field and informing future scientific research directions.

Bibliometrics is an interdisciplinary science that 
employs statistical, mathematical, and bibliographic 
methods to perform quantitative analysis of all knowl-
edge carriers [14, 15]. Recently, bibliometric analyses of 
the literature related to the circulation system, such as 
studies of cardioembolic stroke [16], hypertension [17], 
heart failure [18], and coronary heart disease [19], have 
been reported. Bibliometric analysis holds significant 
application value in cardiovascular-related research, as 
it can reveal the focal points of cardiovascular-related 
research by scrutinizing the characteristics of data-
bases and publications, providing a reference for future 
research directions. However, there is no bibliometric 
analysis of the literature related to BPV. This article ana-
lyzes the current status of BPV research through biblio-
metric methods and provides an overview of the research 
trends, aiming to explore the development trend of BPV 
research and offer a reference for future investigations.

2  Materials and Methods
2.1  Data Sources and Search Strategies
To obtain a standardized and comprehensive dataset 
suitable for export and widespread use in academia, the 
Web of Science Core Collection (WoSCC) was utilized to 
compile the publication dataset for this study. To avoid 
any biases resulting from daily updates made to the data-
base, all documents published from 2000 to 2022 were 
retrieved and downloaded from the WoSCC database’s 
SCIE on March 26, 2022. Our search criteria included 
the following: (TS = (“blood pressure variability”) OR TS 
= (“blood pressure variation”)). Only articles and reviews 
written in English were included in the analysis, whereas 
other types of relevant publications, such as meeting 
abstracts, editorial materials, prior papers, letters, news 
items, corrections, book chapters, early access, book 
reviews, data papers, reprints, reference works, and bio-
graphical entries, were excluded. A total of 2815 articles 
and 373 reviews were searched and analyzed for this 
study, as illustrated in Fig.  1, which depicts our search 
strategy. Our study related to BPV has been registered 
on ClinicalTrials.gov (Registration No: NCT05698433) to 
ensure ethical compliance and transparency (registration 
date: 16 January 2023).

2.2  Bibliometric Analysis
Text data were extracted from the Web of Science 
Core Collection (WoSCC) and subjected to analysis 
via VOSviewer (version 1.6.19) and CiteSpace (version 
6.2.R5). We utilized VOSviewer [20] to visually analyze 
the collaborative networks between countries, institu-
tions, journals, and authors, as well as the cocitation 
of keyword clusters, and the minimum co-occurrence 
threshold for keywords was set to 35. Furthermore, Cit-
eSpace [21] was employed to analyze research progress, 
investigate research status and hot spots, track trend dis-
tribution maps over time, and determine field develop-
ment trends. For CiteSpace, the resolution parameter was 
set to 0.8. To assess research productivity, the number of 

Fig. 1 Flowchart of the screening process
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publications (NP) was used, whereas the number of cita-
tions (NC) served as an indicator of impact since they 
form the two primary angles for evaluating the research 
level. Additionally, the H-index [22] provides a unifica-
tion of productivity and impact by identifying thresholds 
that link NP and NC. Furthermore, keyword co-occur-
rence measures the frequency of occurrence of keywords 
in the same literature. An analysis of the co-occurrence 
of keywords and cocited references presents a viable 
means of identifying crucial areas of research focus that 
are intricately linked with a specific topic [23]. As such, 
a co-occurrence network of keywords was constructed 
to illustrate the hotspots related to BPV. The burst [24] 
detection algorithm is an effective analytical tool for cap-
turing rapid increases in the popularity of references or 
keywords over a specified time period, and bursting key-
words and references are frequently used to detect new 
research trends in the field. Cocitation refers to the sit-
uation where both items are referenced by a third item 
and can also be used to identify research trends [25]. 
The impact factor (IF) obtained from Journal Citation 
Reports (JCR) is a widely accepted method for measuring 
journal quality and impact. The annual number of global 
citation scores (GCS) of the top 10 publications indicates 
the total number of times that the top 10 publications in a 
given field or subject area have been cited globally within 
a year. This metric is essential for bibliometric analysis, 
as it provides insight into the influence and impact of 
research publications within a specific field.

3  Results
3.1  Annual Trends in NP Incidence
In accordance with the aforementioned search strat-
egy, 3188 references were retrieved from a total of 5097 
articles and reviews published from 2000 to 2022, with a 
total NC of 88,961, excluding self-citations. The average 
NC per publication was 27.9, and the H-index of all pub-
lications was 112. Figure 2A shows the polynomial fitting 
curve of the annual trend of publications. The number of 
publications is obviously related to the year of publica-
tion, with a correlation coefficient (R2) of 0.938. Figure 2B 
shows the annual NC related to BPV. Overall, despite 
fluctuations over the past 23 years, the annual NC has 
increased from 30 in 2000 to 9958 in 2022, with a peak 
NC of 10,557 in 2021.

3.2  Characteristics of Countries/Region
The NP and NC in different countries can partly reflect 
a country’s level of emphasis and influence in the field. 
From 2000 to 2022, 93 countries or regions published 
research related to BPV (Fig.  3A). By selecting a mini-
mum of five collaborating countries as a screening cri-
terion, a total of 59 countries were ultimately included. 
Based on the NC ranking, the top five countries/regions 
with the highest output are listed in Fig. 3B, and the total 
NP from these five countries has shown an increasing 
trend. Since 2000, the NP from the United States and 
China has steadily increased, whereas that from Japan 
and Italy has fluctuated. The maximum number of NPs 
from Japan was 29 in 2020, and the maximum number of 
NPs from Italy was 29 in 2019.

Fig. 2 A Curve fitting of the total annual growth trend of publications (R2 = 0.938). B The number of publications and citations by year over the past 
23 years
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Overall, these findings indicate that research on 
BPV has entered a stage of rapid development and has 
attracted widespread attention. As shown in Table  1, 
the United States published the most articles related to 
BPV (821), followed by China (483) and Japan (383). The 
number of publications from the United States is close to 
the sum of the number of publications from China and 
Japan. Papers from the United States were cited 28,999 
times, accounting for 33% of the total NC. Italy (13,928) 
and Japan (9286) ranked second and third in terms of 
NC, respectively. In addition, the United States had the 
highest H-index (76), which was more than twice that 
of China (38) and Brazil (27). Although the NP of Italy 
was slightly lower than that of China, its H-index, NC, 
and average NC per publication were higher than those 
of China. New England had the highest average NC per 
publication (45.44), followed by Italy (42.74), indicating 
that the quality of publications from these two countries 

Fig. 3 Countries/regions involved in BPV research. A Geographical distribution of global output; B annual output trend of the top 10 productive 
countries/regions; C visual cluster analysis of cooperation among countries/regions; and D timeline visualization of cooperation among countries/
regions

Table 1 Publications in the top 10 productive countries/regions

Rank Country/region NP NC H-index Average 
citation per 
item

1 USA 821 28,999 76 37.21

2 China 483 5864 38 14.38

3 Japan 383 9286 50 26.66

4 Italy 348 13,928 64 42.74

5 England 219 8387 44 39.6

6 Germany 189 5991 41 32.88

7 France 176 6263 44 36.63

8 Australia 165 5887 41 36.53

9 Netherlands 135 5984 40 45.44

10 Brazil 131 2326 27 18.44
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is high. The average NC per publication from China, Bra-
zil, and Japan was relatively low, suggesting that the qual-
ity of their publications needs to be improved. The US, 
Japan, and Italy conducted research in this field earlier 
than other countries did (Fig. 3C).

The visualization of international collaborative net-
works in Fig.  3C indicates that there are close collabo-
rative relationships among countries, which are divided 
into seven clusters. Cluster 1 (in red) is represented 
mainly by Asian countries such as China and Japan, 
whereas Clusters 4 (in yellow) and 5 (in purple) are rep-
resented by countries such as the United States and 
Italy, with collaborative relationships closely related to 
geography. Publications from Asia are more innovative 
than those from European and American countries are 
(Fig. 3D), indicating that Asia has a leading advantage in 
certain aspects over Europe and the United States.

3.3  Performance of Affiliations and Authors
Table  2 lists the top 10 institutions that published the 
most publications related to BPV. The Association of 
French Research Universities (Udice), UDICE FRENCH 
RESEARCH UNIVERSITIES had the highest NP (122), 
followed by UNIVERSITY OF MILANO BICOCCA and 
HARVARD UNIVERSITY, with HARVARD UNIVER-
SITY having the highest NC (6698) and average NC per 
publication (69.84). In addition, the IRCCS ISTITUTO 
AUXOLOGICO ITALIANO had the highest H-index 
(43), followed by UNIVERSITY OF MILANO BICOCCA 
(39) and HARVARD UNIVERSITY (34). Moreover, the 
countries of origin of the top 10 institutions were distrib-
uted relatively evenly, with the United States and Italy 
each accounting for 20% of all institutions. The University 
of Milano-Bicocca had the highest link weight, whereas 

Shanghai Jiao Tong University and Columbia University 
occupied core positions (Fig. 4A).

Figure  4B shows the top 20 institutions that are most 
representative in terms of outbreak intensity, duration, 
and timing. Columbia University had the highest out-
break intensity. In addition, 10 clusters were identified 
(Fig.  4C), including “follow-up studies”, “ambulatory 
blood pressure monitoring”, “aging”, “risk factors”, “Asia”, 
“arterial stiffness”, “calcium channel blocker”, etc.

Table 3 lists the top 10 authors who have published the 
most publications related to BPV. They published 419 arti-
cles, accounting for 13.14% of the total NP. The NC was 
13,543, accounting for 18.91% of the total NC. Kazuomi 
Kario from Jichi Medical University in Japan ranked 
first in the field of BPV research, followed by Ding-Feng 
Su from Naval Medical University in China and Satoshi 
Hoshide from Jichi Medical University in Japan.

As shown in Table  3, Kazuomi Kario from Japan 
had the highest NP (87), but his average NC per pub-
lication (30.23) was relatively moderate. On the other 
hand, although Gianfranco Parati from Italy had an NP 
(84) that was less than half that of Kario, Parati had the 
highest average NC per publication (75.78). Grzegorz 
Bilo from Italy had the lowest NP (24). However, Bilo 
ranked third in terms of NC (2192), indicating that the 
quality of his publications was high. In addition, 40% 
of the top 10 authors were from China, all from Naval 
Medical University, among which Ding-Feng Su had the 
second highest NP (60), but his average NC per pub-
lication (26.38) and H-index (22) were relatively ordi-
nary. The average NC per publication of the top 10 
authors differed greatly, ranging from 93.42 for Bilo to 
18.24 for Fu-Ming Shen, and the H-index ranged from 
31 for Kazuomi Kario to 12 for A. Voss from Germany, 
indicating great differences in their influence.

Table 2 The top 10 productive affiliations

Rank Affiliations Country NP NC H-index Average 
citation per 
item

1 UDICE FRENCH RESEARCH UNIVERSITIES France 122 3684 33 31.17

2 UNIVERSITY OF MILANO BICOCCA Italy 102 5167 39 53.05

3 HARVARD UNIVERSITY USA 97 6698 34 69.84

4 IRCCS ISTITUTO AUXOLOGICO ITALIANO Italy 97 6409 43 69.55

5 JICHI MEDICAL UNIVERSITY Japan 94 2630 32 29.98

6 INSTITUT NATIONAL DE LA SANTE ET DE LA 
RECHERCHE MEDICALE INSERM

France 80 2650 26 34.00

7 UNIVERSITY OF CALIFORNIA SYSTEM USA 79 4939 28 63.53

8 NAVAL MEDICAL UNIVERSITY China 75 1251 25 23.13

9 UNIVERSIDADE DE SAO PAULO Brazil 67 1485 22 23.04

10 UNIVERSITY OF OXFORD England 66 3222 29 50.8
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Fig. 4 Visualization of active affiliations and author analysis. A Analysis of cooperation among affiliations. B Top 20 representative burst affiliations. 
C Timeline distribution of the cluster analysis of affiliations. D Analysis of cooperation among authors. E Top 10 representative burst authors. F 
Timeline distribution of cluster analysis of the author
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The co-occurrence network of authors is shown in 
Fig.  4D, with Yutaka Imai having the highest outbreak 
intensity among all the authors (Fig. 4E). The cluster analy-
sis of the authors revealed 10 clusters, including “arterial 
blood pressure”, “Asia” and “renal transplantation” (Fig. 4F).

3.4  Performance of Journals and Cocitation Analysis
As shown in Table  4, the JOURNAL OF HYPERTEN-
SION (191 publications, IF: 4.776) published the most 
articles related to BPV. The second and third were 
HYPERTENSION (138 publications, IF: 9.897) and 
AMERICAN JOURNAL OF HYPERTENSION (124 
publications, IF: 3.076). The top 10 journals published 
approximately 30% (937/29.39%) of the total articles. 
Except for HYPERTENSION (IF: 9.897), the impact fac-
tors of all other journals were relatively low (defined 
as less than 5.000), indicating that researchers should 
improve the quality of their articles and conduct more 
in-depth and valuable research. Moreover, HYPERTEN-
SION had the highest H-index, NC, and average NC 

per publication. Although AUTONOMIC NEUROSCI-
ENCE-BASIC CLINICAL had the lowest NP, its H-index 
was higher than that of CLINICAL AND EXPERIMEN-
TAL HYPERTENSION and PLOS ONE.

The co-occurrence network of the cited journals is 
illustrated in Fig. 5A. The top three most frequently cited 
journals are HYPERTENSION, JOURNAL OF HYPER-
TENSION, and CIRCULATION. Figure  5B displays the 
burst strength, burst duration, and burst time of the 20 
most representative journals. In the cocitation network, 
a line between two nodes indicates that two articles were 
cited in one publication. The size of a node represents the 
number of cocitations for a given article. Moreover, nodes 
are colored to represent different clusters. Considering 
the enormous number of cited studies, the minimum 
NC was set as 46. A cocitation relationship was formed 
when two articles appeared together in the third cited 
study. Among the 76,494 cited articles retrieved from 
the publications, 128 were selected for cocitation analy-
sis (Fig.  5C). The top 10 cocited references are listed in 

Table 3 The top 10 authors with the most publications

Rank Author Country Affiliations NP NC H-index Average 
citation per 
item

1 Kario, Kazuomi Japan Jichi Medical University 87 2447 31 30.23

2 Su, Ding-Feng China Naval Medical University 60 1217 22 26.38

3 Hoshide, Satoshi Japan Jichi Medical University 44 1351 20 32.63

4 Parati, Gianfranco Italy IRCCS Istituto Auxologico Italiano 42 3042 29 74.98

5 Voss, A Germany Technical University Of Munich 41 512 12 25.9

6 Mancia, Giuseppe Italy University of Milano-Bicocca 35 1102 18 32.6

7 Miao, Chao-yu China Naval Medical University 29 691 16 27.79

8 Shen, Fu-Ming China Naval Medical University 29 471 13 18.24

9 Xie, He-hui China Naval Medical University 28 518 15 20.75

10 Bilo, Grzegorz Italy IRCCS Istituto Auxologico Italiano 24 2192 22 93.42

Table 4 The top 10 most active journals

Rank Journal NP NC IF(2021) H-index Average 
citation per 
item

1 JOURNAL OF HYPERTENSION 191 5014 4.776 45 39.95

2 HYPERTENSION 138 8595 9.897 56 64.28

3 AMERICAN JOURNAL OF HYPERTENSION 124 3239 3.076 33 26.84

4 HYPERTENSION RESEARCH 119 2237 4.414 28 19.68

5 BLOOD PRESSURE MONITORING 88 1252 1.430 21 14.42

6 JOURNAL OF CLINICAL HYPERTENSION 73 905 2.885 17 12.93

7 JOURNAL OF HUMAN HYPERTENSION 59 1241 2.877 22 21.37

8 CLINICAL AND EXPERIMENTAL HYPERTENSION 55 621 2.088 15 11.67

9 PLOS ONE 46 735 3.752 15 16.17

10 AUTONOMIC NEUROSCIENCE BASIC CLINICAL 44 892 2.355 16 20.34
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Fig. 5 Visualization of the cited journal, cocited reference, and cocited author analysis. A Co-occurrence network of cited journals. B Top 
20 representative burst-cited journals. C Co-occurrence network of cocited references. D Top 20 representative burst cocited references. E 
Co-occurrence network of the cocited authors
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Supplementary Table 1. The articles written by Rothwell 
PM in 2010 had the highest cocitation frequency, with 
569 citations, followed by the articles written by Camm 
AJ in 1996 and Parati G in 2013. Cluster 1 (red) includes 
50 references focused mainly on predicting adverse 
outcomes, such as cardiovascular events, neurological 
diseases, and even death, caused by blood pressure vari-
ability. Cluster 2 (green) focuses mainly on interventions 
to reduce blood pressure variability and drug use strate-
gies. Cluster 3 (blue) focuses on the generation mecha-
nism and interfering factors of blood pressure variability. 
Cluster 4 (yellow) centers on the clinical significance of 
long-term follow-up of blood pressure variability.

Among all cocited references, the burst strength of the 
articles written by Rothwell PM in 2013 was the highest 
(Fig. 5D). Considering the large number of cited authors, 
the minimum cocitation frequency was set as 67. Among 
the 46,364 authors retrieved from the publications, 159 
cocited authors were selected for analysis (Fig.  5E). 
The top 10 cocited authors are listed in Supplementary 
Table 2. Parati G had the most citations (2000), followed 
by Mancia G (1803 times) and Rothwell PM (1197 times). 
In terms of total link strength, Parati G still ranked first 
(29,589), followed by Mancia G (29,149) and Kario K 
(17,548). Although the number of citations of Kario K 
was slightly lower, the author’s total link strength was 
greater than that of Rothwell PM.

3.5  Analysis of the Global Citation Score
Figure 6 displays the annual global citation score (GCS) 
of the top 10 publications. The top two articles are guide-
lines published by Powers, WJ, in the STROKE journal. 
Among them, the highest GCS was achieved by the paper 
published by Powers in 2018 [26], with a score of 993. The 
updated version of the paper in 2019 [27] also received a 
high GCS of 943. This series of guidelines suggests that 
stroke patients with greater BPV are at greater risk of 
cerebral hemorrhage after receiving reperfusion therapy. 
In a review, Parati et al. [1] provided strict definitions for 
long-term and short-term BPV and clearly noted that an 
increase in both long- and short-term BPV increases the 
risk of adverse outcomes, such as cardiovascular events 
and even death. Hippisley-Cox et  al. [6] constructed a 
risk prediction model that included 7,889,803 patients 
from prospective cohort studies and identified high sys-
tolic BPV as a high-risk factor for cardiovascular events. 
Stevens et al.’s review [28] concluded that long-term BPV 
is associated with cardiovascular events and mortality 
outcomes, and its impact may even exceed that of mean 
blood pressure on the basis of a systematic evaluation 
of 41 papers, including 19 observational cohort studies 
and 17 clinical trial cohorts. Plews et  al. [29] described 
the correlation between BPV and heart rate variability. 

Additionally, Alvares et al. [9] speculated that the mecha-
nism underlying BPV and heart rate variability might 
be related to autonomic dysfunction. Furthermore, the 
basic research conducted by Zeng et al. [30] These find-
ings suggest that the mechanically activated ion chan-
nels PIEZO1 and PIEZO2 are crucial pressure-sensing 
mechanoreceptors that have long been sought to control 
acute blood pressure and are correlated with increased 
BPV when lacking. On the basis of a study including 
2,865,157 patients, Gosmanova et al. [31] concluded that 
higher systolic BPV is associated with an increased risk of 
mortality, coronary heart disease, stroke, and end-stage 
renal disease, regardless of the presence of hypertension. 
Additionally, Harrison et al. [32] believed that genes are 
also significant factors affecting BPV. Although the effect 
of a single nucleotide polymorphism on blood pressure 
is minimal, when multiple single nucleotide polymor-
phisms are analyzed as a polygenic risk score (PRS), 
they can explain up to 13 mmHg of BPV. Although these 
publications have different focuses on BPV, they are all 
groundbreaking and provide valuable guidance for subse-
quent research in this field.

3.6  Analysis of Keywords
This study analyzed the keywords in the abstracts and 
titles of 3188 publications (Fig.  7), ultimately including 
158 keywords (with a minimum co-occurrence frequency 
of 35). As shown in Fig.  7A, Cluster 1 (red) focuses 
mainly on mechanisms associated with BPV, heart rate 
variability, baroreflex sensitivity, and circulatory fluc-
tuations, indicating a high correlation within the internal 
circulatory system, signifying a research focus on the fun-
damental mechanisms underlying. Cluster 2 (presented 
in green) is characterized by research endeavors pertain-
ing to adverse prognoses. It primarily reflects adverse 
outcomes such as cardiovascular disease and mortality, 
while delving into the factors that influence the predic-
tive value of BPV in patients afflicted with these condi-
tions. Cluster 3 (in blue) is dedicated to exploring the 
pathophysiological basis related to BPV. It underscores 
vascular thickness, stiffness, and atherosclerotic lesions 
as the underlying pathological substrates for BPV and 
probes into the mechanisms governing its emergence. 
Cluster 4 (yellow) focuses on the diagnosis and follow-up 
of BPV, highlighting its unique public health value.

The top 20 most frequently occurring keywords are 
listed in Supplementary Table 3. The most frequent key-
words included “hypertension”, “blood pressure vari-
ability”, “blood pressure”, “mortality”, “risk”, “heart rate 
variability”, “stroke”, and “association”, indicating that 
research related to BPV has focused mainly on clinical 
studies and public health.
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As shown in Fig.  7B, all the keywords were grouped 
into different color types according to their average publi-
cation year (APY) via VOSviewer. Compared with hyper-
tension-related mechanisms and other early research 
keywords, follow-up, prediction, and adverse outcomes 
have become the main research directions in this field. 
A comparison of Fig. 7A, B reveals that the public health 

predictive significance of BPV has become a more impor-
tant research topic in recent years.

As shown in Fig.  7C, the 20 most representative key-
words are displayed according to burst strength, burst 
duration, and burst time. The results revealed that the 
internal circulatory system fluctuation mechanism 
was a hot topic during the early stage of BPV research. 

Fig. 6 Yearly number of global citations of papers with high global citations (GCS). The size and color of the circles represent the GCSs of the papers
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However, as time progressed, the public health value of 
BPV received more attention.

3.7  Bibliographic Coupling Analysis
Bibliographic coupling refers to the relationship 
between two articles if they cite the same reference. 
Link strength, on the other hand, refers to the num-
ber and quality of links between one paper and others. 

The latest version of the JCR provides us with the main 
indicator—IF—widely used to measure the quality and 
impact of journals. Bibliographic coupling network 
analysis is presented in Fig. 8, while the publication sta-
tus of the top ten countries is detailed in Supplemen-
tary Table 4.

The United States has the highest NP, NC, and total 
link strength, with China ranking second in NP but 

Fig. 7 Network of keywords related to BPV. A The 158 keywords that occurred more than 35 times were divided into 4 clusters by different colors: 
cluster 1: red; cluster 2: green; cluster 3: blue; and cluster 4: yellow. The size of the nodes represents the frequency of occurrence. B Visualization 
of keywords according to the average publication year (APY). Keywords in yellow appeared later than those in blue. (C) Top 20 representative burst 
keywords
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Fig. 8 Bibliographic coupling analysis. A Network of co-occurrence of countries/regions. B Network of co-occurrence of affiliations. C Network 
of co-occurrences of documents. D Network of co-occurrence of authors. E Network of co-occurring journals
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having lower total link strength than Italy does. China’s 
NC is also lower than that of Italy, Japan, and England. 
Except for the United States and China, the number of 
NPs in other countries is less than 500.

Overall, researchers typically disseminate and share 
their research results through publishing papers. When 
other researchers cite a paper, it indicates that the paper 
has academic value and influence. Therefore, the more 
a paper is cited, the greater its academic importance. 
In terms of institutions (Supplementary Table  5), Univ 
Milano Bicocca ranks first in terms of NP, NC, and total 
link strength, followed by Jichi Med Univ and Second Mil 
Med Univ. Shanghai Jiao Tong Univ also has a leading 
advantage in terms of NP and total link strength.

As shown in Supplementary Table  6, Kazuomi Kario 
has the highest NP and the second-highest total link 
strength, whereas Gianfranco Parati has the greatest total 
link strength and ranks second in terms of NP. Further-
more, although Grzegorz Bilo has fewer NPs, his citation 
count and total link strength are relatively high. The situ-
ations of the top ten journals are shown in Supplemen-
tary Table 7. The Journal of Hypertension has the highest 
NP, NC, and total link strength, followed by Hyperten-
sion and the American Journal of Hypertension. In terms 
of authors, Powers has the highest NC for papers pub-
lished in 2018, whereas Parati has the highest total link 
strength for papers published in 2015 (Supplementary 
Table 8).

4  Discussion
4.1  Summary of Key Findings
BPV refers to the fluctuation in blood pressure over a 
period of time. Blood pressure management strategies 
centered around BPV have become a paradigm during 
the perioperative period, and BPV in medical fields out-
side of the perioperative period has also attracted much 
attention from academia. In this study, we conducted 
a bibliometric analysis using WoSCC as a basis and 
VOSviewer and CiteSpace to explore the hotspots and 
development trends of BPV research.

A total of 3,188 original articles and reviews published 
from 2000 to 2022 were retrieved for this study. The 
NP of the United States ranks first among all countries/
regions, indicating that the country has a high output in 
BPV research. Although China ranks second in the num-
ber of publications, its publication output is approxi-
mately half that of the United States, indicating that the 
United States has an absolute leading advantage in this 
field. The H-index, average citation count, and NC of 
Chinese publications are lower than those of Japanese, 

Italian, and English publications, indicating that the qual-
ity of Chinese papers needs improvement.

China has four authors who rank among the top 10 
authors in BPV research, indicating that China has many 
top researchers in BPV. At the institutional level, France, 
Italy, and the United States each have two institutions 
in the top 10 list. These countries are all leaders in BPV 
research, and the distribution of the best institutions is 
relatively balanced. Compared with the United States, 
Italy and England have relatively high average citation 
counts per paper, indicating that the research quality in 
these two countries is high. The relatively lower average 
citation count of Chinese publications may be attributed 
to several factors, including Italy’s earlier initiation of 
research in the field, language barriers that impede inter-
national dissemination, and disparities in levels of inter-
national cooperation. However, China is progressively 
closing this gap through sustained and concerted efforts.

Among the top 10 productive journals, only one journal 
has an IF above 5, indicating that the quality of research 
papers in this field needs improvement, and the depth of 
BPV research also needs to be strengthened. Publishing 
BPV research in high-quality journals is a challenge.

The Journal of Hypertension is a professional journal 
related to hypertension and has a certain influence on the 
field of cardiovascular disease. It publishes the most BPV-
related papers, indicating that BPV research is highly 
correlated with hypertension patients. However, the IF 
of this journal is not high (4.776). This may be because, 
compared with top-tier journals such as Hypertension, 
the Journal of Hypertension has relatively lower require-
ments for the amount of data and innovation in articles. 
Considering the difficulty of publication, the fact that 
most scholars publish articles in the Journal of Hyperten-
sion also indicates that this journal has a strong influence 
in the field of BPV research. Among the top 10 articles 
with the highest GCS, eight were published in high-IF 
journals, indicating that these journals have made sig-
nificant breakthroughs in this field. This finding reminds 
researchers who are interested in this field to closely fol-
low these journals.

Research in the field of BPV has revealed multiple 
mechanisms for regulating blood pressure. Long-term 
blood pressure regulation is mainly controlled by blood 
volume, whereas short-term regulation is mainly medi-
ated by pressure sensors located in the walls of the aorta 
and carotid sinuses [33]. Multiple ion channels have been 
identified as playing important roles in pressure sensing, 
with the mechanosensitive ion channels PIEZO1 and 
PIEZO2 being considered the most important contribu-
tors. An experiment [30] in mice revealed that organisms 
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lacking Piezo1 and Piezo2 exhibit more unstable hyper-
tension and greater BPV. Additionally, PIEZO1 is sig-
nificantly expressed in the cardiovascular system [34], 
whereas PIEZO2 is widely expressed in various types of 
sensory neurons [35, 36].

Research has also revealed that multiple single nucleo-
tide polymorphisms have a considerable effect on BPV 
[37]. Arteriosclerosis contributes to both long-term [38, 
39] and long-term [40, 41] BPV. Changes induced by 
poorly controlled hypertension treatment drugs can also 
affect BPV. In addition, individual differences between 
patients play an important role in BPV, which is influ-
enced by factors such as autonomic nervous disorders 
[9], sex [10], age [9], and history of preterm birth [11]. 
Together, these factors contribute to the formation and 
development of BPV. In summary, the increasing amount 
of research in the field of BPV helps to reveal the complex 
mechanisms of blood pressure regulation and variability. 
Understanding these mechanisms may help improve the 
diagnosis and treatment of hypertension.

4.2  Trends and Challenges
A comparison of Fig.  7A, B reveals the shift in the hot 
research directions of BPV over the past few years. 
Initially, the focus was on the mechanism and patho-
physiology of BPV, but research gradually shifted to the 
importance of BPV in perioperative and critical care 
management, as well as its prognostic value in public 
health. Intraoperative BPV is significantly associated with 
patient prognosis, such as being identified as a risk fac-
tor for postoperative delirium [42–45], and relevant lit-
erature and guidelines recommend that the increase or 
decrease in blood pressure during surgery should not 
exceed 20% of the baseline blood pressure value [46, 47]. 
Standardized intraoperative blood pressure management 
based on the BPV coefficient is still considered the clas-
sic management strategy. BPV also plays a critical role in 
fluid management during the perioperative period, with 
target-oriented fluid therapy based on BPV becoming the 
current consensus for perioperative volume management 
[8].

In addition, BPV has been reported to be associated 
with acute and chronic cognitive impairments in some 
ICU patients [48]. High BPV has been identified as a sig-
nificant positive predictor of mortality [28, 31, 49] and 
an important risk factor for cardiovascular events such 
as stroke [26, 27, 50]. Hence, understanding and apply-
ing relevant knowledge of BPV is highly clinically impor-
tant. Recent progress [51] has been made in treating BPV, 
with controlling BPV being crucial. Certain classes of 

antihypertensive drugs, such as calcium channel block-
ers, have been shown to limit BPV and provide benefits to 
patients [52]. Studies suggest that targeting systolic blood 
pressure variability via specific antihypertensive drugs 
can be more effective in reducing the risk of stroke [52, 
53]. However, current clinical guidelines advise against 
treating intermittent hypertension [54–56], which over-
looks the potential risks of residual BPV in hypertensive 
patients [57]. Therefore, adjustments need to be made on 
the basis of new findings. Currently, the understanding of 
basic research related to BPV is relatively comprehensive, 
but social-level secondary prevention still needs to be 
further expanded. More resources and efforts need to be 
invested in exploring this field in depth to better under-
stand the impact of BPV on human health and provide 
a stronger basis for developing more effective preventive 
measures.

Although there are an increasing number of research 
results related to BPVs, the definition methods and sta-
tistical methods of BPVs have not been unified. There are 
multiple ways to define BPV, including commonly used 
measures such as standard deviation (SD) and coeffi-
cient of variation (CV), as well as quantitative methods 
that represent fluctuations, such as average real variabil-
ity (ARV) [58], independent of the mean (VIM) [50], and 
maximum minus minimum blood pressure (MMD) [59]. 
Each method has a unique purpose. For example, SD is 
one of the most frequently employed metrics for defin-
ing BPV, owing to its straightforward calculation. How-
ever, it is incapable of comprehensively reflecting the 
real-time fluctuations in blood pressure. ARV and VIM 
are more capable of capturing the absolute magnitude of 
blood pressure oscillations. The CV, which is both con-
cise and accounts for individual baseline blood pressure 
levels, facilitates the comparison of BPV among patients 
with disparate baseline values. Therefore, there is no 
single index that can be universally applicable for calcu-
lating the BPV in all situations. In addition, the clinical 
significance of BPV varies at different time points [12]. 
The difference between long-term and short-term BPV 
is still unclear. The lack of standardization in definition 
methods and calculation periods makes it challenging 
to compare study results. Therefore, in the field of BPV 
research, a more thorough and comprehensive evaluation 
and standardization are needed to improve the quality 
and comparability of research findings.
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5  Conclusion
In this study, the most relevant authors, the most cited 
published papers, authors’ research outputs, leading 
journals, and relevant countries in the publications of 
BPV from 2000 to 2022 were analyzed quantitatively and 
qualitatively for visualization and evaluation of the find-
ings on BPV research. Over the past 23 years, the number 
of NPs related to BPV has steadily increased. The United 
States and China have had important influences in this 
field. Effective cooperation between different coun-
tries/regions can promote further development of BPV 
research. BPV, as a clinical indicator with significant pre-
dictive value, needs more attention in terms of its mecha-
nisms, clinical significance, and public health value.
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