
Methods: “The PubMed, Scopus and Goggle Scholar search engines and the Espacenet and Patentscope 
patent databases were used in the analysis, using the following keywords: combination of “deep 
learning”, “machine learning” “ML”, “artificial intelligence”. “AI” with “heart sensor”, 
“electrocardiography”, “ECG”, photoplethysmography”, “PPG”. Article exclusion factors were 
manuscripts written in a language other than English, lack of ECG or PPG data or machine learning 
methods involved in the study, articles published before 2018 (with a few exceptions of articles essential 
to the development of the techniques described). At the same time, to ensure originality and accuracy, 
the search focused on research papers, while excluding review articles. As a result, items such as papers 
with titles containing words such as 'review', 'study', 'meta-analysis' or 'overview' were not included. 

Results: “1686 articles and patents published were identified. The sources were divided into two distinct 
groups: ECG and PGG. The full analysis according to the PRISMA 2020 methodology is presented in the 
Supplementary material. The paper presents the most important developments in the use of machine 
learning methods as a support for accurate ECG and PPG-based heart rate analysis. It also outlines the 
most important research directions that should be pursued in the near future, including ensuring the 
accuracy of measurement and the real-time interpretation of the results, as well as validating the data 
in clinical trials.” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified from: 
Databases (n = 1686) 

Records removed before 
screening: 

Duplicate records removed  
(n = 542) 

Records screened 
(n = 1144) 

Records excluded** 
(n = 915) 

Reports sought for retrieval 
(n = 229) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 229) Reports excluded: 

Reason 1: review, meta-
analysis, survey, overview (n 
= 145) 

Studies included in review 
(n = 84) 

Identification of studies via databases and registers 
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