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Abstract. Objectives: To conduct a bibliometric analysis to analyze the landscape of artificial 
intelligence(AI) in diabetes management in the past two decades. Methods: The literatures on AI in 
diabetes management during 2003 to 2021 were respectively retrieved from Web of Science 
database. CiteSpace software was applied to perform analysis of frequency distribution and co-
occurrence of sub-keyword terms, frequency distribution analysis of reference citations, and analysis 
of burst detection methods for keyword terms and cited references, in order to create a knowledge 
map to reveal diabetes management hotspots and cutting-edge directions. Results: A total of 1,242 
articles on diabetes AI managements were retrieved. The results showed that the number of papers 
increased year by year, and the number of papers published was the largest in 2019-2021, 
suggesting that in the field of diabetes management, digital technology was widely adopted in the 
daily management of diabetes and was conducive in early screening for diabetes complications. In 
the field of AI in diabetes, various machine learning models including latest deep learning have been 
proposed and investigated. In the literatures on diabetes digital interventions, the keywords with 
higher frequency were management, intervention, diabetes, care and blood sugar control. 
Comparatively, the keywords with the highest frequency in diabetes AI are machine learning, 
management, diabetes, systems and classification. Conclusions: In the future, research trends will 
focus more on deep learning, mHealth and digital health. AI models with diabetes as comorbidity are 
still facing certain challenges in terms of system accuracy, validity and confidentiality. 
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1. Introduction 

Over the past few decades, a growing number of publications have shown that diabetes mellitus 
(DM) is one of the most common non-communicable chronic diseases, ranking first in the incidence 
of complications from non-communicable chronic diseases. In 2013, global diabetes statistics showed 
that about 382 million people worldwide had diabetes, of which type 2 diabetes accounted for 90% 
[1-4]. Most strikingly, DM prevalence has significantly increased with the aging of the populations 
[5-9]. Cost is a common obstacle to patient reported self-management and has been shown to reduce 
compliance and preventive care [10]. Having recognized the global burden of diabetes, we now 
realize the urgent need for effective intervention. In order to monitor the public-health strategies and 
design effective future interventions we need reliable global estimates regarding the impact and trend 
of digital interventions on DM management [11]. However, the lack of prospective interventions and 
information on DM management limits further research. 

Bibliometrics is a quantitative measure in medical literature analysis, which enables researchers 
to study their main areas of interest in a short period of time by disclosing research hotspots and 
emerging frontiers based on the approaches of mathematics and statistics [12,13]. At the same time, 
the theoretical framework and analysis tools of bibliometrics are in the ascendant. It is reported that 
CiteSpace could perform quantitative analysis of bibliography, covering various contents from data 
management and data conversion to matrix construction and visualization. In this way, the research 
hotspot and frontiers can be discovered, and the evolution process of a research field can be illustrated 
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by drawing a knowledge map [14-18]. The application of bibliometrics to the research area of diabetes 
digital and AI interventions is worthy. Therefore, this study conducted bibliometric study on the 
literatures on digital interventions and AI applied in DM management to disclose the research 
hotspots and emerging trends, thus providing directions for further DM management researches. 

2. Materials and Methods 

2.1 Data Sources and Search Strategy 

The Web of Science core collections (WoSCC) from January 2003 to December 2021 were 
retrieved and downloaded for relevant articles. TS=(“Diabetes” AND “Artificial intelligence” OR 
“Machine learning” OR “CDSS” OR “Expert system” OR “Predictive analytics” OR “Clinical 
prediction models” OR “Hybrid model”) were built up as search equation. In order to ensure the 
accuracy of data, only the literature types articles and reviews were selected, without any restrictions 
on language and data categories. After manual retrieval and deduplication, valid documents were 
obtained. In addition, all the above operations are completed on the same day to avoid deviations 
caused by daily database updates. 

2.2 Data Retrieval and Processing 

The literatures were retrieved, extracted and validated. Bibliometric data including complete 
records and references cited from WoSCC, are downloaded in plain text and exported as complete 
records, which comply with the software input format. 

2.3 Criteria for Included Publications 

The criteria for literature inclusion were as follows: (1) The range of period between 2003 to 2021; 
(2) Publications indexed by WoSCC; (3) Only indexed articles were selected; (4) no restrictions on 
language and data categories. 

2.4 Statistical Analysis 

The WoSCC toolkit was applied to analyze general characteristics of the included literatures, 
including year, country, institute, author, language, and journal resource, while CiteSpace 
(version:5.3.R3) was adopted for visual analysis. The parameter of Time Span was set from January 
2003 to December 2021, and the time division took one year as a unit. For the term source parameter, 
we selected the title, abstract, author keywords, and supplementary keywords. For the node types, we 
selected countries/institutions, co-citations between authors and authors, journal co-citations, 
keywords, and literature co-citations. The top 50 keywords with the highest frequency in each year 
were screened out, with co-occurrence analysis was performed on countries/institutions, author-
author co-citations, journal co-citations, and keywords. Furthermore, cluster analysis was conducted 
on document co-citations, by selecting the display mode as timeline view, the connection strength as 
Cosine, the range as With Slices, and the data deletion standard "Top N" as 50. Then, the system was 
run on the input data until the graph changes stop. The control panel was used to adjust the node size, 
node label size, node display number, and connection transparency. Once the "node" was right clicked, 
the node details could be viewed to know the specific information of the country/institution, author, 
author co-citation, journal co-citation, keywords, and literature. The size of the nodes could affect the 
number or frequency of postings, and different colors of nodes and lines represented different times. 
Purple circles represent centrality, and nodes with greater centrality are usually regarded as key points 
in the network. In addition, the keywords were clustered and analyzed according to the terms 
extracted from the article.  
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3. Results 

3.1 The Growth and Trend of Publications 

The total amount of publication outputs reflected the research hotspot in the retrieved field to some 
extent. The study included 1,242 AI relevant publications on DM from WoSCC ranged between 2003 
to 2021. The results showed there were few publications before 2016 (less than 50), and the overall 
number of publications was on the rise, reaching the highest in 2021 (381). 

 
Figure 1. The annual quantities of publications from 2003 to 2021. 

3.2 Keyword Frequency Distribution and Co-occurrence Analysis 

 
Figure 2. Keyword-term frequency list 

 
Researchers have to select professional terms carefully and accurately to ensure keywords can 

reflect research hotspots. We integrated keywords and terms as bibliometrics research objects to 
ensure that analysis cover more main points of diabetes in the field of AI applications domain. 
CiteSpace was performed to illustrate timeline view and to analyze references cited frequently. The 
parameters of CiteSpace were configured as follows: time slicing (from 2003 to 2021, one year per 
slice), node types (term and keyword), selection criteria (top 30), and visualization (cluster view-
static, merged network). The top 5 keyword terms on diabetes AI were listed as follows: “machine 
learning”, “management”, “diabetes”, “system” and “classification”. While the values of modularity 
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Q and mean silhouette were 0.4933 (>0.3) and 0.7526 (>0.7). intelligence for diabetic retinopathy 
screening: a review. Eye (London, England), 2020, 34(3):451–460. 

3.3 References-cited Frequency Distribution Analysis 

References cited are defined as a core ingredient of the bibliometrics research. CiteSpace was 
performed well to analyze frequency references cited and to illustrate reference-cited cluster and 
timeline (Figure 3). The top 5 keyword terms on diabetes AI were listed as follows: “health 
information technology”, “machine learning”, “diabetes care”, “deep learning” and “electronic 
clinical reminder.” 

 
Figure 3. Keywords/terms co-occurrence timeline map 

3.4 Bursts for Keyword Terms and References  

Keyword terms with the strongest citation bursts was considered as indicators of research advanced 
or rising trends over a period of time. Figure 4 presented the top 18 keyword terms with strong 
frequency bursts, and the red bars mean some keywords cited frequently, and the green bars were 
keywords cited infrequently. The keyword, telemedicine, has continuously been reported on relevant 
papers from 2003 to 2017, which surged in 2016 to 2017, reflecting that telemedicine was a hot 
emerging field in recent years. 

 
Figure 4. Keyword terms with the strongest citation bursts from 2003 to 2021.  
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4. Discussion 

AI is the developmental stage of the digital interventions for diabetes management. As our analysis 
illustrated, “AI in diabetes” in the WoSCC has also exploded in recent years, from less than 50 in 
2016 to 381 in 2021. The increasing incidence of diabetes has an impact on a wider population, which 
has prompted people to constantly discuss the research on the management and intervention of AI in 
diabetes, suggesting that the development trend of AI applications in DM management has become 
inevitable. AI digital intervention is an extremely suitable solution for diabetes management and has 
been investigated a lot [19, 20]. When patients’ information is collected through the digitalized device, 
the AI is used to match the healthy living solution and to recommend better follow-up diabetes 
management in a high efficiency and individualization manner [21-23]. It can be seen that diabetes 
information management and AI are closely related to diabetes prevention and treatment. 

As our bibliometric study indicated, insulin therapy and drug therapy topped the list in terms of 
keyword frequency, suggesting that AI may also play a role in drug and new treatments for diabetes. 
Intelligent medical care, which integrates AI and Internet, can provide good solutions to these 
problems, and has gained wide attention [24]. Digital technology is widely used in the daily 
management of diabetes with AI. The developed "mobile intelligent diabetes management system" 
analyzed patients' health information and generated a personalized diabetes self-management plan 
through AI and sending previous patient data such as blood sugar, hemoglobin glyc level and 
complications to the cloud. In addition, digital therapeutics (DTx) has been proposed to effectively 
assist in diabetes management like drug treatment. DTx can alert patients to take medication or 
receive insulin injection promptly, and to analyze drug adherence data, shared by health care 
professionals or other important people. More complex applications may receive data from an 
automatic insulin pen recording doses at injection or from a digital drug cassette indicating the time 
of medication. Although initial prototypes of both are already available, development of integrated 
applications is ongoing. In addition, DTx can also comprehensively calculate the price, side effects 
and hobbies of patients, give each item different weight to each project, and give drug prescription in 
combination with the diabetes medication strategy at home and abroad. With the development of 
machine learning techniques, AI models have been applied into diabetes researches. More and more 
AI prediction models such as support vector machine (SVM), decision tree, etc, have been utilized. 
For instance, SVM based on the China Health and Nutrition Survey database achieved 94.2% 
accuracy rate and 93.9% recall rate. There are also genomic data trained models with area under the 
ROC curve of diabetes of 0.89 by analyzing single nucleotide polymorphisms. These AI models are 
less traumatic and highly accessible and are available to each healthy person on mobile phones or 
other portable devices, effectively improving the screening willingness of the general population and 
also developing screening programs for high-risk populations [25-27]. It can be seen that the 
frequency of DL keywords is very high, and the emerging algorithms such as DL are becoming AI 
models in the field of DM management.  

There are also some limitations in this study. Firstly, the literatures retrieved in this study 
originated only from the WoSCC database, missing a few studies included in other literature 
databases. Secondly, the knowledge map analysis only reflects the research hotspots and development 
trends in this field on the whole, and the specific hotspots such as mobile intervention and DTx are 
not discussed in depth, so more investigations are worth to be conducted. Nevertheless, compared to 
the traditional reviews and summaries in DM management, this bibliometric are basically consistent 
with them while providing worthy suggestions and insights. 

5. Conclusion 

To conclude, publication outputs of the application of AI in diabetes management have been rising 
over last two decades. More researchers show their interest in this fresh and promising field and some 
hotspots such as mobile medicine, telemedicine, deep learning, and DTx are of great significance for 
future research. 



112 

Acknowledgments  

This work was supported by the grant from Science and Technology Project of Nantong City 
(No.MS12020037), and Jiangsu postgraduate research and innovation program (No. KYCX22_3363, 
No. KYCX21_3104) and Jiangsu Students’ Platform for innovation and entrepreneurship training 
program (202210304122Y, 202210304219T). 

References 
[1] Tao Z, Shi A, Zhao J. Epidemiological perspectives of diabetes[J]. Cell Biochemistry and Biophysics, 

2015, 73(1):181-185.  

[2] Cho NH, Shaw JE, Karuranga S, et al. IDF Diabetes Atlas: global estimates of diabetes prevalence for 
2017 and projections for 2045. Diabetes Research and Clinical Practice. 2018;138:271–281.   

[3] Collins TE, Nugent R, Webb D, et al. Time to align: development cooperation for the prevention and 
control of non-communicable diseases. BMJ. 2019;366: l4499.    

[4] Magliano DJ, Islam RM, Barr ELM, et al. Trends in incidence of total or type 2 diabetes: systematic 
review. BMJ. 2019;366: l5003.    

[5] Yang Y, Hu X, Zhang Q, et al. Diabetes mellitus and risk of falls in older adults: a systematic review and 
meta-analysis. Age and Ageing. 2016;45(6):761–767.   

[6] Baviera M, Roncaglioni MC, Tettamanti M, et al. Diabetes mellitus: a risk factor for seizures in the 
elderly-a population-based study. Acta Diabetologica. 2017;54(9):863–870.  

[7] Wang L, Gao P, Zhang M, et al. Prevalence and ethnic pattern of diabetes and prediabetes in China in 
2013. JAMA. 2017;317(24):2515–2523. 

[8] Chan M. China’s burgeoning epidemic of diabetes-associated mortality. JAMA. 2017;317(3):264–266.  

[9] Bommer C, Sagalova V, Heesemann E, et al. Global economic burden of diabetes in adults: projections 
from 2015 to 2030. Diabetes Care. 2018;41(5):963–970. 

[10] Hunter CM. Understanding diabetes and the role of psychology in its prevention and treatment. American 
Psychologist. 2016;71(7):515–525. 

[11] American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2011;34 
Suppl 1:S62-9. 

[12] Brandt JS, Hadaya O, Schuster M, et al. A bibliometric analysis of top-cited journal articles in obstetrics 
and gynecology. JAMA network open, 2019,2(12):e1918007.   

[13] Železnik D, Blažun Vošner H, Kokol P. A bibliometric analysis of the Journal of Advanced Nursing, 
1976-2015. Journal of advanced nursing, 2017,73(10):2407–2419. 

[14] Yang W, Zhang J, Ma R. The prediction of infectious diseases: a bibliometric analysis. International 
journal of environmental research and public health, 2020,17(17):6218.  

[15] Liu S, Sun YP, Gao XL, et al. Knowledge domain and emerging trends in Alzheimer's disease: a 
scientometric review based on CiteSpace analysis. Neural regeneration research, 2019, 14(9):1643–1650. 

[16] Liu Z, Yin Y, Liu W, et al. Visualizing the intellectual structure and evolution of innovation systems 
research: a bibliometric analysis. Scientometrics. 2015;103(1):135–158.   

[17] Khan G., Wood J. Information technology management domain: emerging themes and keyword analysis. 
Scientometrics. 2015;105(2):959–972. 

[18] Zhang XL, Zheng Y, Xia ML, et al. Knowledge domain and emerging trends in vinegar research: A 
bibliometric review of the literature from WoSCC. Foods (Basel, Switzerland), 2020, 9(2):166. 

[19] Dagliati A, Marini S, Sacchi L, et al. Machine learning methods to predict diabetes complications. Journal 
of diabetes science and technology, 2018,12(2):295–302.  

[20] Grzybowski A, Brona P, Lim G, et al. Artificial intelligence for diabetic retinopathy screening: a review. 
Eye (London, England), 2020, 34(3):451–460. 

[21] Contreras I, Vehi J. Artificial intelligence for diabetes management and decision support: literature review. 
Journal of medical Internet research, 2018, 20(5): e10775.  



113 

[22] Rigla M, García-Sáez G, Pons B, et al. Artificial intelligence methodologies and their application to 
diabetes. Journal of diabetes science and technology, 2018,12(2):303–310.  

[23] Li J, Huang J, Zheng L, et al. Application of artificial intelligence in diabetes education and management: 
present status and promising prospect. Frontiers in public health, 2020, 8: 173. 

[24] Li R, Yang Y, Wu S, et al. Using artificial intelligence to improve medical services in China. Annals of 
translational medicine, 2020,8(11):711. 

[25] Lai H, Huang H, Keshavjee K, et al. Predictive models for diabetes mellitus using machine learning 
techniques. BMC endocrine disorders, 2019,19(1):101.   

[26] Ljubic B, Hai AA, Stanojevic M, et al. Predicting complications of diabetes mellitus using advanced 
machine learning algorithms. Journal of the American Medical Informatics Association, 2020, 
27(9):1343–1351.  

[27] Vangeepuram N, Liu B, Chiu PH, et al. Predicting youth diabetes risk using NHANES data and machine 
learning. Scientific reports, 2021,11(1):11212. 

 
 
 

 

 

 

 

 

 

 


