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Abstract 

The advent of new technologies such as Machine Learning has highly influenced the 

health sector's activities; with this, there is an ease in diagnosis and decision-making 

processes in the sector. Hence, this study aims to analyze the application of Machine 

Learning in Smart Health research. This study uses 192 records from the Scopus 

database based on a well-crafted search term to identify nations with the highest 

publication output, the principal research subject areas, the top funding sponsors, 

and research keywords in this subject matter. The result shows that the first 

document on machine learning in smart health was published in 2011. The research 

output on this subject has dramatically increased, with India now being the top nation 

where research in this area is conducted. It was also discovered that the journal IEEE 

Access has the highest number of publications in this area. This analysis will help 

researchers, policy developers, and professionals in the health sector to better 

understand the development of Machine Learning in Smart Health research. 

Machine Learning in Smart Health portends Growth in the future. 

 

Keywords – Smart Health, Machine Learning, Bibliometric Analysis, s-Health, Telehealth, 

Health Informatics. 

 

 

Introduction 

The innovative development in Information Technology has been driven by the increase in 

hardware capabilities and the Growth in software efficiency. The smart health field is not an 

exemption from this development. Therefore, smart health has been gaining more attention 

from researchers (Grewal, Kayr & Park, 2019). Smart health is a new field that normally deals 

with a set of rules that incorporate prevention, diagnosis, detection, treatment procedures, and 

management (Kang, Park, Cho & Lee, 2018). The emergence of smart health has given us the 

platform to exchange information, which was not possible initially due to distance and other 

constraints. Currently, health workers can gain access to medical information and give medical 

advice anytime. 

Over the years, the health sector has accumulated big data (Joloudari, Saadatfar, Dehzangi, 

& Shamshirband, 2017; Oladimeji, Oladimeji, & Oladimeji, 2021). Thus, machine learning is 

a branch of artificial intelligence that studies and learning patterns from data for 
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recommendation and decision-making purposes and has been integrated into smart health. This 

is to automate certain processes and make certain decisions. Additionally, the integration of 

machine learning into smart health has fostered early detection, diagnosis, and treatment of 

diseases, bringing great benefits to health workers and patients (Reddy, 2018). Hence, the 

application of machine learning in smart health can assist healthcare givers in diagnosing 

symptoms more quickly than health workers (Saifi, Taylor, Allen & Hendel, 2013). 

Due to the widespread application of machine learning in smart health, various research 

has been done along this line. However, no previous study has mapped the current status of 

machine learning and smart health (Li, Shan, Li, Liu & Pu, 2021). A little bibliometric analysis 

related to this subject area has been done, such as machine learning in diabetes prediction 

(Khedkar & Patel, 2021) and artificial intelligence in managing depressive disorders (Tran et 

al., 2019). However, in order to have a full glimpse and also assist researchers to have more 

knowledge on machine learning in health development, Santo, Steiner, Fenerich & Lima (2019) 

performed an analysis using a bibliometric approach on data mining and machine learning 

research in the perspective of public health between the years 2009 and 2018 with data from 

multiple sources. The results showed that there was a great increase in research output starting 

from 2017 and that The Journal of Medical Internet Research and PLoS ONE journal had the 

highest number of research papers in the subject area. In the same vein, as a result of the special 

focus given to health Artificial Intelligence (Health AI), Singh and Gochhait (2020) studied 

health and medicine research papers that are closely related to artificial intelligence in the Web 

of Science to understand the trends in the area. The result shows that the United States is the 

country with the highest number of publication outputs. 

With the rate at which the world is tilting towards automation, it is necessary to have 

knowledge of how machine learning has been evolving in the health sector over the years (Yu, 

Beam & Kohane, 2018). Since the innovative development in information technology has given 

rise to smart health the techniques of which are different from the traditional public health and 

medicine methods, there is a need to analyze how machine learning has been applied in the 

research in this new field of smart health. Hence, the main objective of the research paper is to 

quantify and analyze the research outputs of Machine Learning in Smart Health using a 

bibliometric approach. Bibliometric analysis helps to provide explanatory knowledge of a 

particular field of study and enhances interdisciplinary collaboration (Niu, Hong, Yaun, Peng, 

Wang & Zhang, 2014). This work aims to provide the status of the application of machine 

learning in smart health using bibliometric methods. The study analyzes the research status in 

terms of countries, institutions, authors, journals, and subject areas. Therefore, the study will 

address the challenges researchers and experts face by presenting an overview of the machine 

learning field in smart health care. It will assist them in developing machine learning studies 

for health care as this study will analyze the trends in this subject area. Additionally, it will help 

those unfamiliar with this field but interested in machine learning applications in health care in 

the direction they should go. 

The second section of this paper discusses the methodology used in this research. In 

contrast, the third section showcases the result, followed by the discussion of the result in the 

fourth section, and finally, the conclusion is drawn in the fifth section. 
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Materials and Methods 

The data that was analyzed to pinpoint the bibliometric analysis in this research was taken 

from the Scopus database, which is the largest abstract and citation database of peer-reviewed 

literature, comprising journals, workshops, and conference proceedings, among others 

(Elsevier, 2016; Archambault, Campbell, Gingras & Lariviere, 2009; Bajwa & Yaldram, 2012). 

In this research, we have investigated various aspects of the research growth of machine 

learning in smart health research. The factors being considered include growth in publications 

as measured by the Relative Growth Rate (RGR) and Doubling Time (Dt), subject areas, 

funding sponsors, and national contribution.  

The data for this research was obtained based on a carefully crafted string "Machine 

Learning*" AND "Smart Health". 2021 was excluded because some articles published in 2021 

may not be indexed on Scopus yet, as at the time of data retrieval (September 04, 2021, 3:21 

PM). Two hundred sixteen records were finally retrieved from the Scopus database. To ensure 

that the records retrieved are relevant to the subject matter, the title, keywords, and abstracts of 

the 216 documents and, where necessary, the full text was scanned. Finally, 192 publications 

were considered for further analysis. 

 

Results 

Based on the data retrieved, it is important to note that the first document on Machine 

Learning in Smart Health to be indexed in Scopus was in 2011 (Das, Chen, Seelye & Cook, 

2011). 

 

Preferred Publication Outlets and Areas of Research 

Over nine years ranging from 2011 – 2020, the total number of publications appeared was 

192. Here is its breakdown -  92 were research articles, 87 were from Conference Proceedings, 

9 were Book Chapters, and 4 were review articles. A list of the top 10 journals preferred by 

researchers in this subject area is presented in Table 1.   

 

Table 1 

Top 14 sources from where Machine Learning in Smart Health Research has been published 

according to their number of publications 

S/No Publication Outlet 
Number of 

Publication 

Impact Factor 

(2020) 

1 IEEE Access 15 3.367 

2 Lecture Notes In Computer Science Including Subseries 

Lecture Notes In Artificial Intelligence And Lecture 

Notes In Bioinformatics 

7 1.36 

3 ACM International Conference Proceeding Series 5 0.61 

4 Advances In Intelligent Systems And Computing 5 0.63 

5 Applied Sciences (Switzerland) 5 3.02 

6 Sensors (Switzerland) 5 3.275 

7 Innovation In Health Informatics A Smart Healthcare 

Primer 
4 N/A 

8 2020 International Wireless Communications And 

Mobile Computing (IWCMC) 2020 
3 N/A 

9 IEEE Internet Of Things Journal 3 12.37 
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S/No Publication Outlet 
Number of 

Publication 

Impact Factor 

(2020) 

10 Proceedings Of The International Conference On 

Machine Learning Big Data Cloud And Parallel 

Computing Trends Prespectives And Prospects 

Comitcon 2019 

3 N/A 

 
Figure 2 showcases the subject areas with the widespread application of Machine Learning 

in Smart Health Research. The itemization goes thus Computer Science 175 articles (35.67%), 

followed by Engineering 110 articles (22.36%), then Decision Sciences 35 articles (7.11%). It 

is important to note that an article may have more than one subject areas. Most of the studies 

are from various fields such as Computer Science, Engineering and Decision Sciences.  

 

 
Figure 1: The Subject Areas of Machine Learning in Smart Health Based on the Percentage 

Articles 

 

Growth of Publications 

The Growth in the number of publications is calculated by means of two related parameters, 

RGR and Dt (Mahapatra, 1985).  

RGR in classical growth analysis is given as: 

 

𝑅𝐺𝑅 =
𝐼𝑛𝑆2 − 𝐼𝑛𝑆1

𝑡2 − 𝑡1
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Where S2 and S2 are the cumulative publications in 2 years t2 and t1. In the present analysis 

t2 –t1 is taken as 1 year. RGR can then be expressed as RGR = ln (S2 /S1). The Dt is the time 

required for publications to double in number for a given RGR. Dt is defined as: 

𝐷𝑡 =
(𝑡2 − 𝑡1)𝐼𝑛2

𝐼𝑛𝑆2 − 𝐼𝑛𝑆1
 

Or 

𝐷𝑡 =
𝐼𝑛2

𝑅𝐺𝑅
 

 

A constant value for RGR in each year indicates that the growth rate is exponential. The Dt 

is a characteristic time for this exponential Growth. Table 2 shows the annual number of 

publications of Machine Learning in Smart Health Research, their cumulative number, RGR 

and Dt for 2011–2021. Starting from only one publication in 2011 and reaching 80 in 2020, 

there has been an increase in publication output. 

 

Table 2 

 Research Output, Relative Growth Rate and Doubling Time of Application of Machine Learning in 

Smart Health Research. 

Year Number of Publications Cumulative RGR Dt 

2011 1 1   

2012 1 2 0.693147181 1 

2014 2 4 0.693147181 1 

2015 3 7 0.559615788 1.238612626 

2016 5 12 0.538996501 1.285995697 

2017 13 25 0.733969175 0.944381868 

2018 22 47 0.631271777 1.09801706 

2019 65 112 0.86835127 0.798233624 

2020 80 192 0.538996501 1.285995697 

 

Funding Sponsor 

Figure 2 below depicts the major research funding sponsors that help publish research on 

the application of Machine Learning in Smart Health. Results show National Science 

Foundation with 14 articles, followed by National Natural Science Foundation of China with 

11 articles, National Institutes of Health with 5 articles, and Recruitment Program of Global 

Experts with 5 articles.  
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Figure 2: Funding Sponsor Based on the Number of Articles 

 

National Contributions 

The top nations contributing to applying Machine Learning in Smart health research are 

India with 58 articles, the United States with 52 articles, and China with 25 articles. As observed 

in the result, Asian countries have more publications in this research area. Figure 3 below shows 

the top countries that contribute to the application of machine learning in smart health research.   

 
Figure 3: National contribution to Machine Learning in Smart Health Research 

 

Keywords Analysis 

In research, keywords are the words provided by authors that are relevant to their study 

(Yugi et al, 2020). The top keywords used by the authors in this research is shown in Table 3 

below. The top keywords in machine learning are Machine Learning, learning systems, 

Artificial Intelligence, Deep learning and Learning Algorithms. The top keywords in functions 

are Classification, Forecasting, Patient Monitoring, Security and Human Activity Recognition. 

The top keywords in health are Health, Diseases, ECG, Cardiology and Heart.  
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Table 3 

The top 10 keywords of Machine learning in smart health research  

Keywords Frequency 

Machine Learning 130 

Learning Systems 89 

Internet Of Things 71 

Health Care 66 

Artificial Intelligence 43 

Deep Learning 34 

Learning Algorithms 28 

Smart Health 28 

Machine Learning Techniques 26 

Data Mining 25 

 

Discussion 

Using a bibliometric approach, this work analyzed machine learning research in smart 

health by scrutinizing the journal outlets, the growth rate of publications, and subject areas. 

Based on the results obtained, the top journal outlets in this subject matter are computer 

science and information technology. IEEE Access journal had the highest number of 

publications. this shows that machine learning in smart health research differs from Santo et al. 

(2019) conducted in public health perspective, which indicates PLoS ONE as the leading 

journal in that subject area. Additionally, IEEE Access has been discovered to be an open-

access journal which was also affirmed by Fosso Wamba and Queiroz (2021) to be the leading 

journal in digital health research. It could be noticed that the top journals in the subject area of 

computer science domain. 

The subject area analysis backed up the result of the journal analysis. As computer science 

subject area has the highest number of research publications; this affirms Guo, Hao, Zhao, Gong 

and Yang (2020) claim that the computer science domain takes the lead in Artificial intelligence 

research in health. Nevertheless, the number of articles relating to Medicine and Biochemistry, 

Genetics and Molecular Biology subject areas is 35, which accounts for about 7%. This 

percentage shows that research on machine learning in smart is still in its early stages, which 

was also confirmed by (Yang et al., 2021). 

It can be observed that there is a sudden growth from 2017, which doubled the research 

output of the previous year (2016) and tripled in 2019 compared to 2018. The reason has been 

explained earlier: an increase in hardware capabilities and Growth in software efficiency 

coupled with the amount of data gathered so far in the health sector, which is now useful for 

health data analytics. This was also affirmed by Santo et al. (2019) that 2017 was a turning 

point in health informatics due to the emergence of robots, machine learning algorithms, and 

deep learning, which have presented opportunities for diagnosis, forecasting, and treatment of 

diseases (Hashimoto, Rosman, Rus & Meireles, 2018; Esteva, Robicquet, Ramsundar, 

Kuleshov, DePristo & Chou, 2019). As a result, early detection and diagnosis of some diseases 

such as diabetes and cancer, are now based on machine learning techniques (Houssami, 

Kirkpatrick-Jones, Noguchi & Lee, 2019). Hence, researchers rely on this new technology; 

therefore, research in this subject area will continue to grow. Hence, machine learning supports 

various health processes. 

Additionally, the result shows that the US has the highest number of sponsors in this subject 
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matter, followed by Asian countries, which was traced to their high population in these 

countries (Li et al., 2021). This is directly proportional to the national contribution of research 

articles in this subject area. The result supported Singh and Gochhait's (2020) claim that the 

United States is the most productive country in health AI. It can also be traced to the 

improvement in the health sector, which is based on emerging technologies to improve 

efficiency and medical process effectiveness. Moreover, these new technologies are in high 

demand. Therefore, these new technologies have a wide market; Asian countries have gathered 

more sponsors, especially China and Saudi Arabia. However, developed and developing 

countries champion machine learning and smart health research. Hence, these call for concern 

as least-developed countries have inadequate healthcare facilities. Nevertheless, their health 

problems are increasing (Müller, Alley, Schoeppe & Vandelanotte, 2016) because of 

globalization and urbanization. 

 

Conclusion 

This study performs a bibliometric analysis of research on the application of machine 

learning in smart health. One hundred ninety-two research articles from the Scopus database 

were analyzed. This study, through bibliometric analysis, will be able to guide researchers in 

machine learning in smart health research to know which journal and article to refer to. This 

study would also help researchers identify where to seek funds regarding this subject matter. 

The studies of Machine Learning in Smart Health portend Growth, as developing countries will 

leverage this technology for their health sectors. It would be interesting in future research to 

consider other databases such as Web of Science and look into new technologies such as 

Blockchain and Cloud Computing. 
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