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Abstract

Objective: This study aimed to determine the status of scientific production on biosensor usage for human health monitoring.

Methods: We used bibliometrics based on the data and metadata retrieved from the Web of Science between 2007 and 2022. Articles
unrelated to health and medicine were excluded. The databases were processed using the VOSviewer software and auxiliary spread-
sheets. Data extraction yielded 275 articles published in 161 journals, mainly concentrated on 13 journals and 881 keywords plus.

Results: The keywords plus of high occurrences were estimated at 27, with seven to 30 occurrences. From the 1595 identified
authors, 125 were consistently connected in the coauthorship network in the total set and were grouped into nine clusters.
Using Lotka’s law, we identified 24 prolific authors, and Hirsch index analysis revealed that 45 articles were cited more than
45 times. Crosses were identified between 17 articles in the Hirsch index and 17 prolific authors, highlighting the presence of
a large set of prolific authors from various interconnected clusters, a triad, and a solitary prolific author.

Conclusion: An exponential trend was observed in biosensor research for health monitoring, identifying areas of innovation,
collaboration, and technological challenges that can guide future research on this topic.
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Introduction
Biosensors for human health monitoring have been increas-
ingly evolving owing to accelerated technological advance-
ments, allowing the collection of information on objective
parameters under various health conditions.1–4 This has dir-
ectly affected the tracking and monitoring of quantitative
data, leading to the search for new biomaterials and techno-
logical platforms that support remote data transmission and
artificial intelligence (AI).5–8 The high price of smart
devices is a challenge to their growth, and their success in
this market depends on the value they bring to consumers.9

The global wearable device market generated revenues of
$16.2 billion in 2021 and is expected to reach $30.1
billion by 2026, achieving a compound annual growth of
13.2% between 2021 and 2026.10 This study aimed to
determine the current state of scientific production on bio-
sensor usage for human health monitoring. A bibliometric
methodology was used to answer the following questions:
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What is the state of scientific production on biosensor usage
for human health monitoring? In which journals do the
authors publish their findings? What are the main topics
related to biosensors for human health monitoring? What are
the main topics covered in the studies? Which authors have
the highest level of scientific production and citations?

Wearable biosensors for health

Wearable biosensors are a technology consisting of simple
and easily accessible devices for the general population that
allow people a first approach to objectifying quantitative
data on various health conditions, such as temperature,
heart rate variability, daily steps, and nutritional status.1

Their strength lies in the fact that, until a few years ago, it
was impossible to record physiological parameters “in
vivo” in subjects being studied, for example, workers per-
forming heavy labor. These were only approached using
anthropometry and effort perception questionnaires,
which are minimal methods as they cannot ensure continu-
ous monitoring and objectivity.4 Biosensors allow the col-
lection of solid and valid data for health research and
monitoring, even under various working conditions.

Therefore, biosensors directly favor the collection of
information on objective health parameters of physiological
states, such as in the study on predisposing factors for
migraine in children,11 control and monitoring of children
with autism,12 and even psychological conditions such as
fatigue in high-load workers and the resulting loss of prod-
uctivity, welfare, and safety.13

Relevant data on biosensor research, such as cardiac
variability14 and the relationships between electroencepha-
lograms and hyperglycemia levels, were initially developed
by recording heart rates. Another use of biosensors is for
detecting the increase in circulating cortisol levels, which
is strongly linked to stress.15 Data on anxiety and depres-
sion are associated with changes detected directly through
the contact between portable dermal or intradermal biosen-
sors and biofluids such as saliva, tears, sweat, urine, and
various interstitial fluids.14

Sweat has attracted particular scientific interest as
various methods and materials have been used to censor
it. They observe thermoregulation and behaviors related
to skin hydration.7 This is essential for observing situations
such as chronic or acute stress4 or the development of
depression, anguish, and others.

Similarly, chronic stress has been studied by recording
parameters such as blood pressure and heart rate during
movements that people make on a working day, allowing
the modification of habits for a healthier life.16 Moreover,
it has been studied by monitoring the autonomic nervous
system using rings on the fingers.17

The future of biosensors in healthcare lies in the continu-
ous improvement of biomaterials that enable a more
detailed recognition of elements in biofluids through

lab-on-a-chip technologies, which can be of great use in
the rapid, accurate, and sensitive detection of viral diseases,
increasing diagnostic efficiency and facilitating early
intervention.18

Biosensors have an important impact on health and bio-
medical monitoring as they provide continuous physio-
logical information and biochemical parameters of
humans through biosignal transformation into an observ-
able response. They have many applications, such as phys-
ical fitness monitoring, risk and disease warning by
monitoring glucose and lactate through human sweat, and
microorganism detection, such as bacteria, fungi, and
viruses such as SARS-CoV-2.2,3,5,19–22 The types include
optical, electrochemical, enzymatic, immunosensor, micro-
fluidic, plasmonic, and organic polymer biosensors.5,6,23–25

In terms of advances, there are electrochemical biosensors,
which are portable and used in healthcare; tattoo potentio-
metric biosensors for real-time monitoring of G-type
nerve agents (highly toxic chemicals); physiological bio-
sensors, which are especially relevant for real-time blood
analysis; biosensors based on sweat samples for the
health and fitness status of the user; biosensors based on
molecularly imprinted polymers and other biomimetic
materials for electrochemical detection of cortisol under
stress factors; and miniaturized and portable biosensors
for diagnosing Alzheimer’s disease.6,15,26–29

Low-cost platforms based on the “Internet of Things”
enable remote connections between healthcare profes-
sionals and patients through smart biosensors. These
devices generate a large amount of data, primarily stored
in large information repositories (big data). These data are
analyzed with the help of applications that use AI and
deep learning technology to diagnose and treat diseases
more quickly and effectively, allowing physicians to
adapt to each patient and treat them precisely.8,30–35

Biosensor technologies and materials

The application of 3D printing technology has accelerated
the large-scale production of highly versatile and
easy-to-operate portable biosensors. Moreover, its concep-
tual design allows customization of the construction of
objects, control of their textures and properties, serial or
on-demand printing, use of multiple materials, and printing
on desired surfaces, and its applications include the com-
bination of microprinting and nanomaterials (NWs) for
developing new medical devices, such as improving
signal amplification by successfully detecting lactate con-
centration and sensitivity in human sweat with high sensi-
tivity.36–40

Among the materials used for biosensor manufacture,
zinc oxide NWs (ZnO NWs) are prominent. They are
used for fluid detection owing to their high sensitivity,
selectivity, simplicity, flexibility, low cost, and reliability.
They enable stability in signal reading during corporate
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Table 1. Characterization of document corpus to be analyzed.

Variable Value (or Sample, n) Unit Subsampling criterion

Documents 275 Article Hirsch’s index (h-index)

Time 2007–2022 Year Period without blanks

Place (Affilliation) 43 Country/Territory

Authors 1595 Person Lotkás Law

Keywords Plus 881 Words Zipf’s Law

Journals 161 Journal Bradford’s Law

Figure 1. Published articles over time (2010–2021) and exponential trend growth.

Table 2. Zone of Bradford.

Zone
Number of
articles (%)

Journals (%)
(empirical series)

Bradford
multipliers

Journals
(theoretical series)

Nucleus 90 (32%) 13 (8%) 13×(n0) 13

Zone 1 68 (25%) 30 (19%) 2.3= 30/13 13×(n1) 40

Zone 2 118 (43%) 118 (73%) 3.9= 118/30 13×(n2) 125

Total Σ= 275 Σ= 161a Mean: n= 3.1 Σ= 178a

% error (ϵp) = −11%

aEmpirical and theoretical value, incorporated for percentage error calculation.
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movements, multiple analyses in diagnosis, and accuracy of
results. The incorporation of phenylboronic acid-based
hydrogels allows biosensors to measure glucose from a dis-
tance and over a long period.2,19,20,41,42

Materials and methods
The method used was bibliometrics based on the inclusion of
article data retrieved from the Science Citation Index
Expanded (SCI-EXPANDED, or SCI-E), Social Science
Citation Index (SSCI), and Emerging Sources Citation Index
(ESCI) in Web of Science (WoS) on November 15, 2022.43

The initial extraction was developed using a search vector44

of the subject topics (TS, searching in the title, author keywords,
keywords plus®, and abstract of a record), which included
wildcards (“*”) and a textual proximity connector (NEAR/0):
{TS= (wearab* NEAR/0 biosensor*)}, without temporal
exclusion, with access to a data length between: SCI-E
(1900–2022), SSCI (1956–2022), and ESCI (2015–2022).

The research team extracted and excluded articles unre-
lated to health and medicine in the following fields: WoS
categories, article titles, journals (source titles), abstracts,
author keywords, keywords plus, and funding organiza-
tions. As a result of this data curation, a new search

vector was established, as detailed in the Supplementary
Material. Table 1 describes the characteristics of the articles
included in the corpus for analysis.

The resulting set of retrieved, refined articles, dated 15
November 2022, was used to analyze the exponential
growth of scientific production on biosensor usage for
human health monitoring according to Price’s law, to estab-
lish the presence of a critical mass in terms of the growing
interest of researchers over time, and to determine the pos-
sibility of maintaining a sufficient number of articles to
renew this area of knowledge as older documents become
outdated due to their obsolescence.45–47

Moreover, it was of interest to subject the extracted
document set to Bradford’s law to understand where the sci-
entific community researching this topic publishes its
research and the possible level of concentration of some
publication media that manage to gather researchers and
become highly specialized sources of knowledge.48–52

The thematic focus of these studies was analyzed using
keywords that, according to Zipf’s law, tend to concentrate
in a reduced number of high occurrences; the concentration
is estimated as the square root of the set of keywords.53 We
worked with a set of keywords cleaned by WoS called
Keyword Plus (KWP).43 The analysis of the bases extracted

Table 3. Journals in the Bradford nucleus.

Journal Articles
Citations,
WoS core

% Open
access article

Journal
impact factor
2022 (WoS)

Best quartile
2022 (Qx)

Biosensors & Bioelectronics 23 816 17% 12.545 Q1

ACS Sensors 9 606 22% 9.618 Q1

ACS Applied Materials & Interfaces 7 164 43% 10.382 Q1

Sensors 7 41 100% 3.847 Q2

Advanced Materials Technologies 6 67 33% 8.856 Q1

Analytical Chemistry 6 124 16% 8.008 Q1

Biosensors 6 35 100% 5.743 Q1

Sensors And Actuators B-Chemical 5 107 60% 9.221 Q1

ACS Nano 4 777 50% 18.027 Q1

Advanced Functional Materials 4 214 50% 19.924 Q1

IEEE Sensors Journal 4 91 0% 4.325 Q1

Scientific Reports 4 143 100% 4.997 Q2

Talanta 4 131 25% 6.556 Q1
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fromWoS was performed using the VOSviewer software,54

and auxiliary spreadsheets were used.
In the second analysis phase, we opted for an academic

elite approach, focusing on authors with the highest
number of publications as determined by Lotkás law.
The estimation was the square root of the total number
of authors at the same level of scientific production.55,56

This applied to the citation concentration in a reduced
number of articles that presented as many or more citations

as the size of that subset, according to the Hirsch index
(h-index),57 and exploring the cocitation phenomenon
using VOSviewer was interesting. The intersection of
subsets, prolific authors, and articles within the h-index
should approximate the prominent authors of the topic
under study with high production and citation. Thus, it
identified the most recognized researchers developing
the frontier of this topic and their affiliations and
interrelationships.58

Figure 2. Keywords plus cooccurrence network. (a) Cooccurrence clusters; (b) cooccurrence clusters with average citations.

Muñoz-Urtubia, et al. 5



Figure 3. Coauthoring network. (a) Coauthorship clusters; (b) coauthorship clusters with average citations.
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Results

Scientific production of wearable biosensors in
healthcare and their global context

The data extraction from the WoS records resulted in 275
articles from 2007 to 2022, whose growth for the period of
continuous and complete data (2010–2021) was 96% accord-
ing to an exponential behavior (see Figure 1), which, accord-
ing to Price’s law, explained the growing interest in the study
of wearable biosensors in healthcare.

These articles were published in 161 journals, as shown in
Table 2, albeit in a low concentration. They are mainly
grouped by the core topics of 13 journals, as detailed in Table 3.

The percentage calculation error between the empirical
and theoretical series is represented in Equation 1 below:

εp= (Empirical−Theoretical)
Empirical

( )
∗100= (161−178)

161

( )
∗100=−11%

(1)

The keywords plus used in these 275 articles amounted to
881 words, whose high-occurrence concentration was
estimated at 30 KWP (= sqrt (881)), whereby 27 KWP
with 7 to 30 occurrences were selected. The keywords
with high metadescriptive associations in the analyzed
documents formed a relational network through their
common use in two or more articles, as shown in
Figure 2. The nodes represent the KWPs (the size indi-
cates the occurrence), the lines represent the
co-occurrence relationship between these words, and
similar colors represent a cluster with higher associations
between a few nodes. Figure 2a describes four thematic
clusters, and Figure 2b shows the differences in citations
of the articles linked to the various KWPs. Highlighted in

red are those with high citations: biosensors, devices,
exercise, and skin.

Coauthorship, proliferation, and prominence in
research on wearable biosensors for health

Of the 1595 authors identified through VOSviewer,54 1462
contributed to a single article on this topic, and only 125
were consistently connected to the total set in coauthorship.
Figure 3a shows how these 125 authors are grouped into nine
clusters (see details in Supplementary Material, Table A1).
However, Figure 3b shows how one of these clusters concen-
trates on many authors with high citation level (nodes in red).

Both figures prompt us to review the prolific author set using
Lotka’s law55 and, in contrast, to add an analysis of the h-index.57

Byapplying the approximate calculation to thenumber of prolific
authors (sqrt (1595)=40), itwasobserved that thediscrete choice
of the number of published articles (three or four articles per
author) accounted for four articles, for a total of 24 prolific
authors, as shown in Figure 4 and Table 4.

In addition, Table 4 shows that most of these authors
were linked to Cluster 2, and a few were linked to
Clusters 1, 4, 5, and 9. The high number of citations by
authors belonging to Cluster 2 was striking, confirming
what is shown in Figure 3b. In contrast, a few of the prolific
authors discussed a research trajectory with multiple affilia-
tions and international circulations of advanced human
capital.59 Considering all affiliated countries, the US (16
authors) and China (7 prolific authors) were prominent, fol-
lowed by Italy, Japan, and Korea. This is a fractal of the
global situation regarding the main affiliated countries con-
tributing to global scientific production (43 countries or ter-
ritories) on the topic under study, as shown in Figure 5.

Figure 4. Authors by scientific production and power fit trend.
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Table 4. Prolific authors.

Id
Author
(OrcID / ResearchID) Articles

OA
articles Citations Cluster Afiliation Period

Author
h-index WoS

1 Gao, Wei
(0000-0002-8503-4562)

11 10 4133 9 CALTECH, US;
Northwestern Polytech
Univ, CN; Shaanxi Joint
Lab Graphene NPU, CN
UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2021 71

2 Lee, Sanghyun
(0000-0002-2246-7440)

9 0 275 None Univ Michigan, US 2018–2021 38

3 Javey, Ali
(B-4818-2013)

7 7 3932 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 106

4 Jebelli, Houtan
(FDE-2507-2022)

7 0 250 None Penn State Univ, US 2018–2021 19

5 Nyein, Hnin Yin Yin
(0000-0002-5692-6182)

7 7 3932 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 22

6 Choi, Byungjoo
(0000-0002-3904-4305)

6 0 134 None Ajou Univ, KR, Southern
Illinois Univ
Edwardsville, US

2019–2021 14

7 Fahad, Hossain M.
(0000-0002-6758-5432)

6 6 3766 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 21

8 Emaminejad, Sam
(EUT-9613-2022)

5 5 3491 2 UC – Berkeley, US; UCLA,
US; Stanford Univ, US

2016–2020 20

9 Lee, Gaang
(FHE-3365-2022)

5 0 61 None Univ Michigan, US 2020–2022 6

10 Shahpar, Ziba
(DQG-0930-2022)

5 5 1234 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 6

11 Tai, Li-Chia
(DXP-9713-2022)

5 5 1021 5 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 16

12 Tokito, Shizuo
(G-4632-2018)

5 3 63 None Yamagata Univ, JP 2018–2021 58

13 Wang, Joseph
(0000-0002-4921-9674)

5 3 471 1 UC – San Diego, US 2010–2021 31

14 Zhang, Xueji
(0000-0002-0035-3821)

5 1 170 4 Shenzhen Univ, CN 2019–2022 72

(continued)
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As for the h-index, we had 45 articles cited more than 45
times (ranging from 46 to 2511 citations in WoS Core).
These articles were from journals mainly published by
Elsevier (11 articles), the American Chemical Society
(ACS) (10), the Institute of Electrical and Electronics
Engineers Inc. (IEEE) (6), Springer Nature Group (5),
and John Wiley & Sons, Inc. (7). Moreover, the journals
that published these articles were associated with one or
more WoS research areas. The most common areas in
these articles were Science & Technology—Other Topics
(28), Chemistry (24), and Materials Science (13).

Moreover, it was important to determine whether this
selected subset of highly cited articles was simply due to the
passage of time and the possibility that the document was
known and cited. Figure 6 shows that the passage of time
explains only 5% (R2) of the volume of citations received.

In contrast, these articles are not uniquely cited in newworks
because, as shown in Figure 7, 29 of these 45 articles are related
to health biosensors research and were simultaneously cited in
new studies (the size of the nodes represents the citations

received, the lines represent the cocitation relationships, and
the color scale represents the year of publication).

Table 5 shows the intersection between the articles in the
h-index set and the prolific authors previously shown in
Table 4 in search of prominent authors, authors with high
scientific production and with high citations.

From the effective intersection, crosses between 17 h-index
articles with 17 prolific authors emerged, highlighting the pres-
ence of clusters previously defined as 1, 2, 4, 5, and 9. These clus-
ters are represented as a large subset of prominent authors
interconnected by the centrality of W. Gao in this research
topic.20,60–66,68 Additionally, the triad of prominent authors
Choi, Lee, and Jebelli,71 and the prominent “alone” author
Riva73were identified.Thiscoauthorship is illustrated inFigure8.

Finally, in the 17 articles observed in the h-index and
produced by prolific authors, 70 author keywords were
identified, with 51 words consistently related in a graph.
From these relationships, six clusters were identified
using VOSviewer and a fractionalization method, with the
words shown in Figure 9 and detailed in Table 6.

Table 4. Continued.

Id
Author
(OrcID / ResearchID) Articles

OA
articles Citations Cluster Afiliation Period

Author
h-index WoS

15 Chen, Kevin 4 4 3433 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2017 disambiguation is
not possible

16 Goodwin, Matthew S.
(CRW-8358-2022)

4 4 63 None Northeastern Univ, US 2017–2022 26

17 Jiang, Yu
(0000-0002-5333-3218)

4 0 14 None Dalian Univ Technol, CN 2022 10

18 Ma, Junlin
(FMW-1945-2022)

4 0 14 None Dalian Univ Technol, CN 2022 12

19 Ota, Hiroki
(ACG-9374-2022)

4 4 3179 2 UC – Berkeley, US;
Lawrence Berkeley Natl
Lab, US

2016–2018 20

20 Riva, Giuseppe
(0000-0003-3657-106X)

4 3 97 None Univ Cattolica Sacro Cuore,
IT; Ist Auxol Italiano, IT

2014–2019 58

21 Sempionatto, Juliane R.
(AAX-1233-2021)

4 3 437 1 UC – San Diego, USA 2018–2021 24

22 Shen, Liuxue
(0000-0003-0130-5378)

4 0 14 None Dalian Univ Technol, CN 2022 9

23 Xu, Tailin
(0000-0003-4037-2856)

4 1 157 4 Univ Sci & Technol Beijing,
CN; Shenzhen Univ, CN

2019–2022 33

24 Zhu, Nan
(AHE-2345-2022)

4 0 14 None Dalian Univ Technol, CN 2022 10

Muñoz-Urtubia, et al. 9



Figure 5. Geography of scientific production on wearable biosensors.

Figure 6. Citations received by the h-index subset during the period.
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In Table 6, the main thematic classification of wearable
biosensors studied refers to their use for drug monitoring
based on body fluids and sweat, vital signs related to the
degree of individual stress, disease symptom detection,
and remote health monitoring. In addition, AI has been
used to process biosensor data and produce various material
alternatives for wearable biosensors. Chemistry predomi-
nates as a WoS research area, together with a few applied
sciences, particularly those with a biomedical emphasis.
Health as a WoS research area was associated with only
one article in this table.

Discussion
This study aimed to determine the current state of scientific
production on biosensor usage for human health monitoring
and to identify new research and development (R&D) on
this topic. The bibliometric analysis described in this
research provides an updated view of the scientific produc-
tion of biosensors for health monitoring at the international
level by using the classical bibliometric laws of Price,
Bradford, Zipf, and Lotka, in addition to the h-index.

This study highlights several key contributions to the
field of biosensor research for human health monitoring.
First, the bibliometric analysis enables the detection of
exponential growth in scientific production, confirming
that it is a topic of great interest at the international level.
Mainly, 13 core journals were identified, highlighting
“Biosensors & Bioelectronics” and “ACS Sensors” as the
journals with the highest number of articles (23 and 9,
respectively) and citations (816 and 606, respectively). In
contrast, the journal “ACS Nano,” although focusing only

on four articles, had the highest number of citations (777)
in its core. These 13 journals focused on biosensor
science, technology, biotechnology, materials, NWs,
nanoscience, nanotechnology, chemical sciences, medicine
and health, and engineering. Moreover, it should be noted
that the 45 most-cited articles (more than 45 times)
showed that the passage of time explained only 5% (R2)
of the volume of citations.

The KWPs with the highest occurrence, estimated at
27, were translated into nine clusters comprising 125
authors. These findings highlight the diversity and collab-
orative networks in health biosensor research. Authors
with high citation counts were concentrated in one of
these clusters. In contrast, “Gao, Wei” stood out as a pro-
lific and prominent author due to the number of published
articles and citations,22,27,60–66,68,74 which are mainly
observed in open journals. The article “Fully Integrated
Wearable Sensor Arrays for Multiplexed in Situ
Perspiration Analysis,” published in “Nature,”64 stood
out in the existing literature.

In contrast to previous and more specific studies,75–77

this analysis provides an overview of trends in wearable
biosensor research for human health monitoring.
Although our approach is conceptually more limited than
the scientometric analysis used by Coccia et al.,78 the
results provide an overview of biosensor usage for monitor-
ing various physiological parameters. Moreover, our results
help recognize areas of interest in the epistemic community
when considering biosensors for human skin health and
exercise biosensing devices, establishing similarities and
differences with previous work on their use in human
healthcare.75,76 These findings present new challenges for

Figure 7. Cocitation network in the h-index article subset.
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Figure 8. Prolific coauthorship network in h-index article subset.

Figure 9. Author keywords of prolific authors in the h-index article subset.
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technological development, as these devices enable real-
time biomarker monitoring.19

However, technological limitations persist, especially
with biosensors intended to be more compact or placed in
sensitive areas, such as the eyes, where power supply (bat-
teries) can be an issue.77 This difficulty is intensified when
aiming for early diagnosis based on measurements obtained
by integrating proprietary displays to visualize biomar-
kers.79 These technological developments will challenge
open lines for future research into prospective technologies.
The breadth of works derived from Gao et al.,64 particularly
their study entitled “Fully integrated wearable sensor arrays
for multiplexed in situ perspiration analysis,” are an inter-
esting source to be explored bibliometrically, establishing
thematic and geographical limits of the scientific production
that has been inspired by this study (2511 citations).

Although this was not the main objective of the study, we
observed the effect of open access and its different types on
citation frequency, as shown in Tables 3 and 4.80 In contrast
to other databases, such as Scopus,81 WoS database supports
the results of research that has already focused on the scien-
tometric analysis of new technologies and their different uses
in biosensors.78,82 Moreover, it should be noted that the com-
plexity of author disambiguation due to digital identity
issues83,84 was one of the main limitations of this study.
We provide the specific record numbers in Table 4, particu-
larly for the WoS h-index.

Conclusion
An exponential growth in wearable biosensors for human
health studies in 2010–2021 was evidenced by 275 extracted
articles (2007–2022). This suggests the growing interest of
the scientific community in studying this topic. The follow-
ing 13 out of a total of 161 journals accounted for 32%
of the publications: Biosensors & Bioelectronics, ACS
Sensors, ACS Applied Materials & Interfaces, Sensors,
Advanced Materials Technologies, Analytical Chemistry,
Biosensors, Sensors and Actuators B-Chemical, ACS
Nano, Advanced Functional Materials, IEEE Sensors
Journal, Scientific Reports, and Talanta.

At the author level, only 133 out of 1595 authors had two
or more publications on the topic. Approximately 125
authors were consistently connected to the total set in coau-
thorship, representing a fragmentation of nine clusters.
These 1595 authors represented affiliations from 43 coun-
tries or territories, including the United States, China,
Italy, Japan, and Korea. However, the number of articles
exceeding the h-index threshold within the extracted set
was only 45 (16% of the total 275), with a notable citation
level within the epistemic community. The intersection of
this result with prolific authors was only 17 articles, high-
lighting the centrality of W. Gao.

In the academic discourse of the 275 articles studied, the
main classification themes of wearable biosensors wereTa

bl
e
6.

Co
nt
in
ue
d.

Cl
us
te
r

co
lo
r

A
ut
ho
r
ke
yw

or
ds

R
ef
er
en
ce
s
(l
in
ke
d)

Th
em

at
ic

W
oS

re
se
ar
ch

ar
ea

Sc
ie
nc
e
&
Te
ch
no
lo
gy

-
O
th
er

To
pi
cs
.

Li
gh
t

bl
ue

In
te
rs
tit
ia
l
fl
ui
d,

io
nt
op
ho
re
si
s,
sw

ea
t,
ta
tto
o
bi
os
en
so
rs
,w

ea
ra
bl
e

el
ec
tr
on
ic
s.

10
.1
00
2/
ad
vs
.2
01
80
08
80

69

10
.1
02
1/

ac
ss
en
so
rs
.0
c0
06
04

c
70

10
.1
02
1/

ac
ss
en
so
rs
.6
b0
02
87

b
60

10
.1
07
3/

pn
as
.1
70
17
40
11
4d

62

B
io
se
ns
or
s
to

as
se
ss

he
al
th

ba
se
d
on

sw
ea
t.

Ch
em

is
tr
y.

M
at
er
ia
ls
Sc
ie
nc
e.

Sc
ie
nc
e
&
Te
ch
no
lo
gy

-
O
th
er

To
pi
cs
.

a
,
b
,
c,

d
Id
en
tic
al

le
tte
rs

in
di
ca
te

th
e
sa
m
e
do
cu
m
en
t.

e G
en
er
ic
te
rm

s
am

on
g
th
e
se
t
of

ke
yw

or
ds

in
th
is
ta
bl
e.

Muñoz-Urtubia, et al. 15



related to their use for drug monitoring, vital signs, remote
sensing of disease symptoms, and health. Moreover, it was
possible to identify the appearance of AI in the processing
of the extracted data and various alternatives to constructive
materiality. Chemistry and other biomedical applied sciences
are the predominant research areas of WoS.

In summary, this study provides a panoramic view of
current trends in wearable biosensor research for human
health monitoring and highlights areas of innovation, col-
laboration, and technological challenges that may guide
future research in this field.
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