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Abstract

Health experts have identified tailored physical activity (PA) and heart rate measurement as critical components in assisting
type-2 diabetes (T2D) patients in improving their health. When performing PA, heart rate monitoring can be useful in figuring
out the right intensity level for diabetic patients, helping them to benefit from the non-invasive treatment. Previous research
has shown that mobile health (mhealth) applications have emerged as a viable option for enhancing health outcomes during
the rehabilitation process. Regrettably, the current mhealth applications have constraints in facilitating a bidirectional
interaction between the healthcare provider (HPC) and the patient. Moreover, the majority of mhealth applications designed
for T2D treatment cannot directly capture real-time heart rate data from smartwatches or medical wearable devices. As a
result, users are compelled to manually input this data into the applications. Thus, in this study, a Tele-diabetes mellitus
management (Tele-DM), a remote monitoring system consisting of a mobile application and a smartwatch is developed to
address these challenges by using the Flutter framework, Nodejs, Express, Heroku, and database management system
(DBMS) MongoDB. A feature has been implemented to provide healthcare professionals (HCPs) with an interactive
feedback page. This page allows HCPs to review and comment on the progress of their patients, facilitating more effective
remote monitoring. In addition, through the utilisation of a multi-platform approach, the heart rate can be obtained in real-
time from commercially available smartwatches and subsequently synchronised with the Tele-Dm apps following PA. The
HCPs can monitor the performance and progress of the patients in real-time using this method. Functionality tests of this
app have shown a remarkable success rate of almost 100%. From the user acceptance rating, it received an average of
4.03 rating for a user-friendly mhealth application. Ultimately, the Tele-DM system is an innovative solution for tackling the
difficulties associated with diabetes self-care. It provides personalised guidance and remote monitoring of heart rate during
rehabilitation sessions. © 2024 Muhammad Zakwan Abd Karim et al.

Author Keywords
Apps development; Diabetes management; Mobile health technology; Rehabilitation; Remote monitoring; Type-2
diabetes mellitus

References

« Lim, SL, Ong, KW, Johal, J, Han, CY, Yap, QV, Chan, YH
A smartphone app-based lifestyle change program for prediabetes (D'LITE Study) in
a multiethnic Asian population: a randomized controlled trial
(2022) Frontiers in Nutrition, 8, p. 780567 .

« Muralidharan, S, Ranjani, H, Mohan, AR, Jena, S, Tandon, N, Gupta, Y
Engagement and weight loss: results from the mobile health and diabetes trial
(2019) Diabetes Technology & Therapeutics, 21 (9), pp. 507-513.

« Kime, N, Pringle, A, Zwolinsky, S, Vishnubala, D.
How prepared are healthcare professionals for delivering physical activity guidance
to those with diabetes? a formative evaluation
(2020) BMC Health Services Research, 20, pp. 1-12.

« Mustapa, A, Justine, M, Latir, AA, Manaf, H.
Home-based physical activity in patients with type 2 diabetes mellitus: a scoping

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked... 1/8



5/13/24, 11:56 AM Scopus - Print Document

review
(2021) Annals of Rehabilitation Medicine, 45 (5), pp. 345-358.

+ Vicek, C, Yardley, JE, Archibald, M, Mcgavock, J.
“How we do it”: a qualitative study of strategies for adopting an exercise routine
while living with type 1 diabetes
(2023) Frontiers in Endocrinology, 13, p. 1063859.

« Leenen, JP, Scherrenberg, M, Bruins, W, Boyne, J, Vranken, J, Brunner, LRHP
Usability of a digital health platform to support home hospitalization in heart failure
patients: a multicentre feasibility study among healthcare professionals
(2024) European Journal of Cardiovascular Nursing, 23 (2), pp. 188-196.

+« Hunt, CW.
Technology and diabetes self-management: an integrative review
(2015) World Journal of Diabetes, 6 (2), pp. 225-233.

+« Masoumian, HM, Masoumian, HST, Qayumi, K, Hosseinzadeh, S, Sajadi, TSS.
Smartwatches in healthcare medicine: assistance and monitoring; a scoping review
(2023) BMC Medical Informatics and Decision Making, 23 (1), p. 248.

+« Egan, AM, Dinneen, SF.
What is diabetes?
(2019) Medicine, 47 (1), pp- 1-4.

« Khawandanah, J.
Double or hybrid diabetes: a systematic review on disease prevalence,
characteristics and risk factors
(2019) Nutrition & Diabetes, 9 (1), pp- 1-33.

« Saeedi, P, Petersohn, |, Salpea, P, Malanda, B, Karuranga, S, Unwin, N
Global and regional diabetes prevalence estimates for 2019 and projections for 2030
and 2045: results from the international diabetes federation diabetes atlas
(2019) Diabetes Research and Clinical Practice, 157, p. 107843.

« Hurtado, MD, Vella, A.
What is type 2 diabetes?
(2019) Medicine, 47 (1), pp. 10-15.

+« Long-term complications in youth-onset type 2 diabetes
(2021) New England Journal of Medicine, 385 (5), pp. 416-426.

« Hasbullah, FY, Fong, KY, Ismail, A, Mitri, J, Yusof, BN.
A comparison of nutritional status, knowledge and type 2 diabetes risk among
Malaysian young adults with and without family history of diabetes
(2021) The Malaysian Journal of Medical Sciences: MUMS, 28 (1), pp. 75-86.

+« Samy, AL, Hairi, NN, Low, WY.
Psychosocial stress, sleep deprivation, and its impact on type Il diabetes mellitus:
policies, guidelines, and initiatives from Malaysia
(2021) Faseb Bioadvances, 3 (8), pp. 593-600.

« Parameswaran, G, Ray, DW.
Sleep, circadian rhythms, and type 2 diabetes mellitus
(2022) Clinical Endocrinology, 96 (1), pp. 12-20.

« Kheirkhahan, M, Nair, S, Davoudi, A, Rashidi, P, Wanigatunga, AA, Corbett, DB
A smartwatch-based framework for real-time and online assessment and mobility
monitoring
(2019) Journal of Biomedical Informatics, 89, pp. 29-40.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked...

2/8



5/13/24, 11:56 AM Scopus - Print Document
« Magsi, H, Sodhro, AH, Al-rakhami, MS, Zahid, N, Pirbhulal, S, Wang, L.
A novel adaptive battery-aware algorithm for data transmission in loT-based
healthcare applications
(2021) Electronics, 10 (4), pp. 1-17.

« Karim, MZ, Jailani, R, Shauri, RL, Thamrin, NM.
loT framework of telerehabilitation system with wearable sensors for diabetes
mellitus patients
(2023) Indonesian Journal of Electrical Engineering and Computer
Science, 31 (2), pp. 1023-1031.

« Rama, CS, Tan, HC, Chen, Q, Lee, PC, Gardner, DS, Chin, YA
Telemonitoring with a connected glucose meter improves glycemia among people
with insulin-treated type 2 diabetes
(2023) Journal of Diabetes Science and Technology, 17 (4), pp. 909-915.

+« Kesavadey, J, Mohan, V.
Reducing the cost of diabetes care with telemedicine, smartphone, and home
monitoring
(2023) Journal of the Indian Institute of Science, 103 (1), pp. 231-242.

« Nundy, S, Dick, JJ, Goddu, AP, Hogan, P, Lu, CY, Solomon, MC
Using mobile health to support the chronic care model: developing an institutional
initiative
(2012) International Journal of Telemedicine and Applications, 2012, pp. 1-9.

« Agarwal, P, Mukerji, G, Desveaux, L, lvers, NM, Bhattacharyya, O, Hensel, JM
Mobile app for improved self-management of type 2 diabetes: multicenter pragmatic
randomized controlled trial
(2019) UJMIR mHealth and uHealth, 7 (1), p. e10321.

« Vonken, L, Hussein, H, Crutzen, R, Vluggen, S.
Perceptions of Dutch general practitioners towards eHealth for patients with type-2
diabetes: a qualitative study
(2023) Family Practice, 40 (1), pp. 91-97.

« Hutchison, MG, Di, BAP, Loenhart, MM.
A continuous aerobic resistance exercise protocol for concussion rehabilitation
delivered remotely via a mobile app: feasibility study
(2023) JMIR Formative Research, 7, p. e45321.

« Galetsi, P, Katsaliaki, K, Kumar, S.
Exploring benefits and ethical challenges in the rise of mHealth (mobile healthcare)
technology for the common good: an analysis of mobile applications for health
specialists
(2023) Technovation, 121, p. 102598.

« Valentine, L, D"alfonso, S, Lederman, R.
Recommender systems for mental health apps: advantages and ethical challenges
(2023) Al & Society, 38 (4), pp. 1627-1638.

« Chimuco, FT, Sequeiros, JB, Lopes, CG, Simoes, TM, Freire, MM, Inacio, PR.
Secure cloud-based mobile apps: attack taxonomy, requirements, mechanisms,
tests and automation
(2023) International Journal of Information Security, 22 (4), pp. 833-867.

« Chao, EC, Zhang, M, Houle, MA, Rataj, H.
Collaboratively designing an app for a more personalized, community-endorsed
continuous glucose monitoring onboarding experience: an early study
(2024) Journal of Diabetes Science and Technology, 18 (1), pp. 14-21.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked... 3/8



5/13/24, 11:56 AM Scopus - Print Document
« Watts, P, Breedon, P, Nduka, C, Neville, C, Venables, V, Clarke, S.
Cloud computing mobile application for remote monitoring of bell*s palsy
(2020) Journal of Medical Systems, 44, pp. 1-9.

+ Olabode, O, Daramola, O, Akinbo, R.
Mobile application for monitoring and management of out-patients
(2020) International Journal of Scientific and Research Publications, 10 (3), pp. 295-300.

+« Mennella, C, Maniscalco, U, De, PG, Esposito, M.
A deep learning system to monitor and assess rehabilitation exercises in home-
based remote and unsupervised conditions
(2023) Computers in Biology and Medicine, 166, p. 107485.

« Lopes, A, Valentim, N, Moraes, B, Zilse, R, Conte, T.
Applying user-centered techniques to analyze and design a mobile application
(2018) Journal of Software Engineering Research and Development, 6, pp. 1-23.

« Ramezani, R, Cao, M, Earthperson, A, Naeim, A.
Developing a smartwatch-based healthcare application: notes to consider
(2023) Sensors, 23 (15), pp. 1-24.

+ Pektas, O, Kdseoglu, M, Muzny, M, Hartvigsen, G, Arsand, E.
Design of an android wear smartwatch application as a wearable interface to the
diabetes diary application
(2021) Academic Platform-Journal of Engineering and Science, 9 (1), pp. 126-133.

« Batch, BC, Spratt, SE, Blalock, DV, Benditz, C, Weiss, A, Dolor, RJ
General behavioral engagement and changes in clinical and cognitive outcomes of
patients with type 2 diabetes using the Time2Focus mobile app for diabetes
education: pilot evaluation
(2021) Journal of Medical Internet Research, 23 (1), pp. 1-10.

+« Tu, YZ, Chang, YT, Chiou, HY, Lai, K.
The effects of continuous usage of a diabetes management app on glycemic control
in real-world clinical practice: retrospective analysis
(2021) Journal of Medical Internet Research, 23 (7), pp. 1-10.

« Mezari, A, Maglogiannis, |.
An easily customized gesture recognizer for assisted living using commodity
mobile devices
(2018) Journal of Healthcare Engineering, 2018, pp. 1-13.

« Su, J, Dugas, M, Guo, X, Gao, G.
Influence of personality on mHealth use in patients with diabetes: prospective pilot

study
(2020) JMIR mHealth and uHealth, 8 (8), pp. 1-15.

+ Koot, D, Goh, PS, Lim, RS, Tian, Y, Yau, TY, Tan, NC
A mobile lifestyle management program (GlycoLeap) for people with type 2
diabetes: single-arm feasibility study
(2019) JMIR mHealth and uHealth, 7 (5), pp. 1-13.

« Oh, SW, Kim, KK, Kim, SS, Park, SK, Park, S.
Effect of an integrative mobile health intervention in patients with hypertension and
diabetes: crossover study
(2022) JMIR mHealth and uHealth, 10 (1), pp. 1-14.

« Taloyan, M, Kia, M, Lamian, F, Peterson, M, Rydwik, E.
Web-based support for individuals with type 2 diabetes-a feasibility study
(2021) BMC Health Services Research, 21 (1), pp. 1-8.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked...

4/8



5/13/24, 11:56 AM Scopus - Print Document
« Lee, EY, Cha, SA, Yun, JS, Lim, SY, Lee, JH, Ahn, YB
Efficacy of personalized diabetes self-care using an electronic medical record-
integrated mobile app in patients with type 2 diabetes: 6-month randomized
controlled trial
(2022) Journal of Medical Internet Research, 24 (7), pp. 1-16.

« Nkhoma, DE, Soko, CJ, Banda, KJ, Greenfield, D, Li, YC, Igbal, U.
Impact of DSMES app interventions on medication adherence in type 2 diabetes
mellitus: systematic review and meta-analysis
(2021) BMJ Health & Care Informatics, 28 (1), pp. 1-9.

« Greene, W, Harris, MN, Knott, R, Rice, N.
Reporting heterogeneity in modeling self-assessed survey outcomes
(2023) Economic Modelling, 124, p. 106277.

+ Li, C, Wang, J, Wang, S, Zhang, Y.
A review of loT applications in healthcare
(2024) Neurocomputing, pp. 1-12.

+ Woldamanuel, Y, Rossen, J, Andermo, S, Bergman, P, Aberg, L, Hagstréomer, M
Perspectives on promoting physical activity using eHealth in primary care by health
care professionals and individuals with prediabetes and type 2 diabetes: qualitative
study
(2023) JMIR Diabetes, 8 (1), pp- 1-12.

« Parimbelli, E, Wilk, S, Cornet, R, Sniatala, P, Sniatala, K, Glaser, SL
A review of Al and data science support for cancer management
(2021) Artificial Intelligence in Medicine, 117, p. 102111.

« George, AH, Shahul, A, George, AS.
Wearable sensors: a new way to track health and wellness
(2023) Partners Universal International Innovation Journal, 1 (4), pp. 15-34.

« Veazie, S, Winchell, K, Gilbert, J, Paynter, R, Ivlev, I, Eden, KB
Rapid evidence review of mobile applications for self-management of diabetes
(2018) Journal of General Internal Medicine, 33, pp. 1167-1176.

« Doupis, J, Festas, G, Tsilivigos, C, Efthymiou, V, Kokkinos, A.
Smartphone-based technology in diabetes management
(2020) Diabetes Therapy, 11 (3), pp. 607-619.

« Marimuthu, K, Panneerselvam, A, Selvaraj, S, Venkatesan, LP, Sivaganesan, V.
Android based college app using flutter dart
(2023) Green Intelligent Systems and Applications, 3 (2), pp. 69-85.

« Agrawal, S, Patil, M, Kumar, M, Aatif, K.
Mobile application using flutter (Know Your Ride)
(2021) International Research Journal of Engineering and Technology, 8 (4), pp. 3229-
3234.

« Tanuja, MS, Karthikeya, CH, Nirmala, KS, Toyaza, SA, Vaidya, SP.
A ride sharing mobile application for students using flutter
(2023) International Journal of Research Publication and Reviews, 4 (4), pp. 2972-2978.

« Kadam, AJ, Singh, A, Jagtap, K, Tankala, S.
Mobile web based android application for college management system
(2017) International Journal of Engineering and Computer Science, 6 (2), pp. 20206-
20209.

« Joshi, R, Shete, VV, Somani, SB.
Android based smart learning and attendance management system

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked...

5/8



5/13/24, 11:56 AM Scopus - Print Document

(2015) International Journal of Advanced Research in Computer and Communication
Engineering, 4 (6), pp. 256-260.

« Arthi, S, Nirmal, K.
Android personal safety app
(2022) International Journal of Research Publication and Reviews, 3 (7), pp. 1780-1784.

« Opoku, DO.
Cross-platform campus news flutter app
(2021) Wesleyan Journal of Research, 14 (11), pp. 151-164.

« Mustapha, R, Ahmed, MA, Ahmad, MA.
Knowledge management in pandemics: design and implementation of social
distancing mobile application
(2021) knowledge management international conference, pp. 151-155.

« Pinto, CM, Coutinho, C.
From native to cross-platform hybrid development
(2018) international conference on intelligent systems, pp. 669-676.
IEEE

« Shah, K, Sinha, H, Mishra, P.
Analysis of cross-platform mobile app development tools
(2019) 5th international conference for convergence in technology (12CT), pp. 1-7.
IEEE

Accessed 03 February 2024

« Arb, Gl, Al-majdi, K.
A freights status management system based on dart and flutter programming
language
jJournal of physics: conference series 2020, pp. 1-7.
IOP Publishing

« Wasilewski, K, Zabierowski, W.
A comparison of java, flutter and kotlin/native technologies for sensor data-driven
applications
(2021) Sensors, 21 (10), pp. 1-16.

« Isitan, M, Koklu, M.
Comparison and evaluation of cross platform mobile application development tools
(2020) International Journal of Applied Mathematics Electronics and
Computers, 8 (4), pp. 273-281.

« Ahmed, MR, Khatun, MA, Ali, MA, Sundaraj, K.
A literature review on NoSQL database for big data processing
(2018) International Journal of Engineering & Technology, 7 (2), pp. 902-906.

Accessed 03 February 2024

« Nisar, J, Trumboo, ON.
Database for mobile application
(2018) International Journal of Trend in Scientific Research and Development, 2, pp. 853-
854.

« Wankhade, NV, Deshpande, SP.
A review on databases for mobile devices
(2015) International Journal of Electronics, Communication and Soft Computing Science &
Engineering, pp. 276-280.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked...

6/8



5/13/24, 11:56 AM Scopus - Print Document
« Gajendran, SK.
(2012) A survey on NoSQL databases, pp. 1-23.
University of lllinois

« Fotache, M, Cogean, D.
NoSQL and SQL databases for mobile applications. Case Study: MongoDB versus
PostgreSQL
(2013) Informatica Economica, 17 (2), pp. 41-58.

« Amghar, S, Cherdal, S, Mouline, S.
Which NoSQL database for loT applications?
(2018) international conference on selected topics in mobile and wireless networking
(mownet), pp. 131-137.
IEEE

« Putra, C.
Design and development of an android-based online vegetable sales information
system
(2021) Journal of Information Systems and Technology Science, 3 (1), p. 492016.

« Atmojo, TM, Taurusta, C.
Black dawet app android based
(2021) Academia Open,

« Al-atragchi, OM.
A proposed model for build a secure restful APl to connect between server side and
mobile application using Laravel framework with flutter toolkits
(2022) Cihan University-Erbil Scientific Journal, 6 (2), pp. 28-35.

« Mishra, PM, Rout, KK, Salkuti, SR.
Modern tools and current trends in web-development
(2021) Indonesian Journal of Electrical Engineering and Computer
Science, 24 (2), pp. 978-985.

+« Walter-tscharf, FF.
Development of a mobile edge device and an information system to analyze
particulate matter distribution as a mHealth service
(2021) International Journal Emerging Technology and Advanced
Engineering, 11 (6), pp. 48-58.

+ Chhetri, N.
A comparative analysis of node.js (server-side JavaScript)
(2016) Culminating Projects in Computer Science and Information Technology,

« Baiskar, Y, Paulzagade, P, Koradia, K, Ingole, P, Shirbhate, D.
MERN: a full-stack development
(2022) International Journal for Research in Applied Science & Engineering
Technology, 10 (1), pp. 1029-1035.

« Aggarwal, S, Verma, J.
Comparative analysis of MEAN stack and MERN stack
(2018) International Journal of Recent Research Aspects, 5 (1), pp. 127-132.

Correspondence Address
Thamrin N.M.; School of Electrical Engineering, Selangor, Malaysia; email: norashikin@uitm.edu.my

Publisher: Accent Social and Welfare Society

ISSN: 23945443

Language of Original Document: English

Abbreviated Source Title: Int. J. Adv. Technol. Eng. Explor.
2-s2.0-85190374528

Document Type: Article

Publication Stage: Final

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked... 7/8



5/13/24, 11:56 AM Scopus - Print Document
Source: Scopus

ELSEVIER Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G_RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1786390886&eid=2-s2.0-85190374528&sort=&clicked... 8/8



