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ABSTRACT

Introduction: The most common problem that causes early death in Type-2 Diabetes mellitus (T2DM) patients is the
instability of blood glucose levels due to poor self-care management. This study aims to analyze the effectiveness of
smartphone application on self-care management in T2DM patients for monitoring blood glucose levels. Methods:
This study utilizes online databases from Science Direct, Web of Science, Scopus, and Pubmed. The search for sys-
tematic reviews published from 2018 — 2023 was using the keywords ‘smartphone application’, ‘self-care’, ‘blood
glucose control’, and ‘diabetes mellitus’. The search results eligibility with referring to the inclusion and exclusion
criteria consist of results were checked for duplication, exclusion based on title articles being removed, excluded
patients based on T2DM, complete assessment of articles was conducted. Results: Based on the eligibility criteria,
8 journals out of 305 journals were identified to be further analyzed. All self-care interventions using a smartphone
application are significant to control blood glucose levels (Fasting Blood Sugar (FBS) or HbATc). Former research
showed a weak correlation effect of a smartphone application on self-care behavior because the application use is
low during the study period. Conclusion: Different self-care behaviors implemented as interventions in smartphone
applications are proven to improve optimum blood sugar levels (FBS and HbATc) in type-2 Diabetes mellitus pa-
tients. It is recommended that health professionals choosing suitable applications with easily understood features and
Investigate the efficacy of smartphone applications across diverse demographic groups.
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INTRODUCTION

Type-2 Diabetes mellitus (T2DM) is one of the priority
targets for world health emergencies because to its
extensive and expanding prevalence (1). The elderly
and adults are groups that are vulnerable to T2DM
disease. In high-income countries, it is estimated by the
International Diabetes Federation that of adults suffering
from T2DM due to such as age, family history, low
socioeconomic position, obesity, and unhealthy lifestyle
(2). In 2021, the International Diabetes Federation also
reported that the age range of diabetes mellitus patients
is 20-79 years old. The survival rate was reported as
1 from 10, which causes 6.7 million mortality around
the world with 1 death every 5 seconds (3). Education
is carried out by implementing various technological
developments, one of which is by using a smartphone
application to assist with diabetes mellitus treatment (4).

A portion of the debate surrounding the use of
smartphone applications in blood sugar control and
management self-care in T2DM patients stems from the
fact that the applications’ content is not always up to
date, necessitating the need for standards to guarantee
that the program satisfies theoretical requirements
(5). Some T2DM patients do not know how to use
smartphone applications, which makes them less
interested in controlling their diabetes because they are
unable to take advantage of this technology (6).

Smartphone applications can be exploited  for
monitoring the blood glucose level (HbAT1c and FBS),
hence increasing the awareness of T2DM patients
to maintain the optimum level of their blood glucose
thereby improving their quality of life (7).

The rationale behind the need for a systematic review
is that it allows researchers to pinpoint knowledge gaps
from areas not previously explored in other studies (8).

Systematic reviews are derived from replications of prior
studies, allowing the research findings to be verified
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by repeat testing and ultimately leading to a more
valid design.Systematic reviews serve as a foundation
for systematic article searches aimed at optimizing the
effectiveness of pertinent literature (9).

We can comprehend and integrate the results of previous
studies on smartphone applications in diabetes mellitus
with the help of a literature study. These results can aid
in the gathering of scientific data, provide an overview
of the results of several studies, and be applied to the
creation of thorough and efficient self-care plans for
T2DM patients that involve blood glucose monitoring.

The purpose of conducting a systematic review is to
investigate the effect of smartphone applications on
self-care management in T2DM patients for monitoring
blood glucose levels.

MATERIALS AND METHODS

Search process

Databases of systematic literature article searches
includes performed were Science Direct, Web of
Science, Scopus, and Pubmed. The search results
eligibility with referring to the inclusion and exclusion
criteria consist of results were checked for duplication,
researchers screened articles with exclusion based
on title articles being removed, researchers excluded
patients based on T2DM, complete assessment of articles
was conducted according to their feasibility articles
excluding intervention, and result studies included in
review.

When carrying out systematic reporting using PRISMA it
focuses on reporting reviews to determine study findings
and adjusts from the systematic objectives of the
literature (10). The data is collected from the publication
of the last five years, which is within 2018 — 2023. The
journals selected are all in English full- text versions. The
keywords inserted in the journal search are ‘smartphone
application’, ‘self-care’, ‘blood glucose control’, and
‘diabetes mellitus’. Researchers use hyphens ‘AND’ and
‘OR” to find relevant results.

Eligibility criteria

The strategy for determining the eligibility criteria
inclusion dan exsclusion in a systematic review is by
using PICOS (Population, Intervention, Comparator,
Outcome, and Study Type) (11).

Table I: Criteria of PICOS

PICOS Inclusi -
Framework nclusion Criteria
Population Type 2 diabetes mellitus patients

Intervention Smartphone application self-care intervention

Comparator There is no comparison factor

CONTINUE

Table I: Criteria of PICOS (CONT.)

PICOS . T
Inclusion Criteria
Framework
Outcome Blood glucose results of T2DM patients (FBS
or HbATc)
Study Type Original research

A systematic review is a kind of research study in which
every piece of information on a certain research issue or
topic is gathered, examined critically, and synthesized.
The objective is to present an all-encompassing and
objective overview of the current body of literature.
Certain standards are followed during the systematic
review process to guarantee reproducibility, rigor, and
transparency. The Systematic Review based on Joanna
Briggs Institute (JBI) dan The Center for Review and
Dissemination (CRD) have produced two well-known
sets of recommendations for performing systematic
reviews (12).

Data extraction

Researchers perform the data extraction independently if
all data meets the requirements that have been classified.
The data extraction aims to get the appropriate data
findings (13). The data extracted includes study design,
year of publication, samples, interventions given, type
of smartphone application, and research results.

RESULTS

The prisma flow diagram in Figure 1 shows a literature
study of Science Direct, Scopus, Web of Science, and
Pubmed journal articles with a total of 305 journal
articles that match the journal search keywords. The
search results were then checked for duplication, which
resulted in 32 similar articles being deleted. Researchers
screened 273 articles with exclusion based on title has
result to 192 articles being removed-Next, researchers
excluded patients based on T2DM from 81 articles to
42 articles and a complete assessment of articles was
conducted according to their feasibility of 39 articles
excluding intervention, with 31 articles. Based on the
eligibility with referring to the inclusion and exclusion
criteria, there were 8 articles being explored in the
systematic review.

Identification from database:

£ || =305
i = Science Direct (n=87) Record remoye before screening:
!ﬁ * Scopus (n=93) ™ Duplicate record removed (n = 32)
E ® Web of Science (n= 59)
= Pubmgd (n= 66)
¥
| Records screened (n=273) |—+ Records excluded based on titles (n= 192) ‘
o0
o Regiints sought foc refrinval (S21) |_ﬂ Reports excluded based on  T2DM patients (n=42) ‘
%
Full text article assessed for
: eligibility (a= 39) Reports excluded based on intervention (a= 31)
:
] | Studies included in review (n=8) I

Figure 1: PRISMA flow diagram.
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Table I1: Result of Systematic Review

Author and Sample size Design Duration Type of Smarthphone Result
year Application
Hooshmandja 51 RCT 3 months Mobile learning T2DM After using the mobile learning application there
Met al, 2019 patients are used for self- is a positive influence on self-care behavior, FBS,
(15) care management which in-  and HbATc. Mean = SD posttest self-care, FBS,
cludes diet, exercise, blood  and HbA1c scores were 76.95 + 7.94 vs 43.4
glucose control, insulin +9.74 (P -Value = 0.001), 143.58 + 23.39 vs
therapy, diabetes medica- 171.81 = 36.98 (P Value = 0.001), and 6.84 =
tions, diabetic foot care, and  0.63 vs 8.10 + 0.10 (P-Value = 0.001), respec-
avoidance of smoking. tively in the intervention group and the control
group, showing differences.
Jonusas etal, 271 RCT More than 85  The Klino mobile App is While using the Klino mobile App, there were
2023 days designed as self-care man-  0.24% of males and 0.15% of female patients
(16) agement for T2DM patients  for who have reported patients a significant
which includes nutritional decreased in HbA1c values. T2DM patients who
therapy, exercise, blood manage to use the app for more than 85 days
glucose recording, medica-  and actively using the app for 19 days has and
tion, and diabetes mellitus ~ shown a reduction in HbA1c values by two-fold.
education.
TewsDetal, 34 Retrospec- 6 months INSULIA is an insulin titra- ~ T2DM patients in the intervention group who
2022 tive tion smartphone application  used the INSULA smartphone application were
17) made for T2DM patients in  more confident in insulin therapy than T2DM
conducting patient self-care  patients in the control group who did not use the
management at home, by application. Patients who use the INSULA smart-
administering basal insulin  phone applications were manage to achieve
and taking oral anti-diabetic their FBS and HbAT1c target values within normal
drugs. limits as compared to patients who did not use
the application.
Boels Aetal, 230 RCT 6 months Trigger study mobile In this study, T2DM patients had HbA1c levels
2019 applications designed for > 53 mmol/mol (> 7%) at the last measurement.
(18) self-care interventions are After being given trigger study mobile appli-
diet management, physical  cation education for six months, there was a
activity, drug use, recogniz-  change in HbA1c levels < 53 mmol/mol (< 7%)
ing signs of hypoglycemia without hypoglycemia. Patients are certified that
using glucose control, and  there was an increase in their quality of life.
stress management.
Sunil Kumar 300 RCT 6 months The DIAGURU Mobile Ap-  The results of this study showed that the average
D etal, 2021 plication focuses on modify- HbATc level in the intervention group at the
(19) ing T2DM patient care. Self-  beginning of the study was 7.36% * 1.04%
care in this application is and the control group was 7.84% + 1.33%.
by controlling food intake, Retesting using DIAGURU Mobile Application
controlling sugar levels, and  showed HbA1c levels in the intervention group
notifying of taking on-time ~ an average of 7.10% + 0.96% and the control
medication. group 7.97% =+ 1.37%. There was a decrease in
HbATc in the intervention group by -0.2% and
an increase in HbA1c in the control group by
0.1% .
Riangkam C 129 RCT 3 months The Mobile Health Diabetes  The final result of this study was that with
etal, 2022 Self-Management Pro- MHDSMP education in T2DM, there was a
(20) gram (MHDSMP) includes decrease in HbA1C from 7.80% to 7.17%. There
components of self-care is a significant effect of MHDSMP application
management for T2DM on HbA1C with a P-Value < 0.001. There result
patients, namely educa- showed an increase in self-care behavior and
tion, self-monitoring of satisfaction among the patients who utilizes the
blood glucose, medication  application.
reminders, and self-moti-
vation.
Agarwal Pet 223 RCT 6 months BlueStar Application is a There is a weak correlation between the use of
al, 2019 smartphone application de-  BlueStar Application and HbA1c for 3 months.

(21)

signed as a virtual education
for T2DM patients which
includes physical activity,
exercise, food intake, and
glucose management. This
application facilitates data
transfer, and reading of
blood glucose.

(PS=0.33, P-Value 0.01). There was no signifi-
cant difference when using BlueStar Application
HbATc levels at 3 months and 6 months (mean
difference 0.16, 95% Cl — 0.48 to 0.81). This is
due to the low application usage control at the
time of research.
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Table I1: Result of Systematic Review (CONT.)

Author and Sample size Design Duration Type of Smarthphone Result
year Application
Yang Yetal, 239 RCT 3 months T2DM patients are given in-  There is a relationship between mobile phone-

2020

terventions of mobile phone
(22) application-based glucose
monitoring and feedback
regarding diabetes mellitus
education, nutritional
therapy, blood pressure
monitoring, weight control,
regular exercise, and blood

based glucose monitoring and feedback on FBS
in T2DM, namely (average adjusted difference
for control -17.29 mg/dl, 95% Cl - 29.33 to
-5.26; P Value 0.005) and a relationship be-
tween mobile phone-based glucose monitoring
and feedback on HbATc is (average adjusted
difference for control -30% 95% Cl - 0.050 to
-0.11; P- Value 0.003).

glucose monitoring.

Bias Risk

A consistent and objective search of relevant literature
was conducted in each article to avoid the risk of bias
with checklist. Three reseachers doing the assessment
risk of bias and discussed resolving disputes in the data
extraction process. The researcher includes only the
results of systematic review articles which are in english
versions, the publication of the last five years, and
smartphone application intervention.

DISCUSSION

Advances in smartphone application technology is
often used to educate T2DM patients, in managing their
self-care activities such as blood glucose monitoring.
Smartphone applications is an easy tool which provide
information, reminders, data search, and suggestions
to help patients in monitoring and controlling their
blood glucose level, effectively (14). The systematic
review showed varying results in self-care interventions
for T2DM patients. Several literature studies showed
that the use of smartphone applications in self-care
interventions can help in blood sugar control. The
systematic review study design was mostly Randomized
Controlled Trial (RCT) and there was one retrospective
literature. Study duration was set up for 3 months,
and 6 months. Mobile learning applications on self-
care intervention such as diet, exercise, blood glucose
control, insulin therapy, diabetes medication, diabetic
foot care, and avoiding smoking have shown a positive
effect on T2DM patients in the FBS, and HbA1c values
(15). Previously, the use of the Klino mobile App has
successfully reduced the HbAlc values in T2DM
patients. Klino mobile App for self-care management,
includes nutritional therapy, exercise, blood sugar
recording, treatment, and diabetes mellitus education
(16). T2DM patients who use the INSULA smartphone
application have shown their FBS and HbATc values
achieving the targets of normal readings. The self-care
interventions utilized were the administration of basal
insulin and the consumption of oral anti-diabetic drugs
(17). Using the trigger study mobile application in
T2DM there is a change in HbA1c levels < 53 mmol/
mol (< 7%) without the case of hypoglycemia. The self-
care intervention-included was diet regulation, physical
activity, recognizing signs of hypoglycemia, drug use,

glucose control, and stress management (18). The
DIAGURU Mobile Application has shown a reduction
of HbA1c values in T2DM patients. The DIAGURU
mobile application on self-care intervention was by
controlling the food intake, controlling glucose levels,
and reminding on the medication intake (19). MHDSMP
education also can help in reducing the HbATc reading
in T2DM patients. The components of the MHDSMP are
self-care intervention are education, independent blood
glucose monitoring, medication reminders, and self-
motivation (20). Educational use of BlueStar Application
has affected the HbATc levels in T2DM patients.
There is a weak correlation with the educational use
of the BlueStar Application for HbATc due to the low
control over the use of the application at the time of
the study (21). The self-care education includes diabetes
mellitus education, nutritional therapy, blood pressure
monitoring, weight control, regular exercise, and blood
glucose monitoring. There is a relationship between
mobile phone-based glucose monitoring and feedback
on fasting glucose levels in T2DM patients. Smartphone
application-based for blood glucose monitoring provides
significant benefits to T2DM patients in managing their
blood glucose levels. By monitoring the blood glucose
levels more regularly, patients can identify patterns of
fluctuations in blood glucose, especially after consuming
certain foods or doing physical activity (22).
Smartphone applications for blood sugar control function
by informing users about their advantages, and how to
use them for T2DM patients self-care management. The
foundation of this applications operation is the idea
that users should be empowered to better control the
conditions of T2DM patients and to enable frequent
monitoring (23). Education through smartphone
applications can lower FBS and HbA1C, and facilitate
access to crucial information about diabetes mellitus.
Health professionals choosing suitable applications with
easily understood features, incorporating smartphone
application use into regular activities, and supporting
smartphone applications training. Health professionals
can perform remote monitoring with the help of
smartphone applications (24). Smartphone application
can improve patient involvement and allow for real-
time blood glucose measurement, which can lead to
prompt intervention. Setting guidelines for protecting
patient data is essential, and healthcare providers need
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to be ready to respond to patients concerns about data
security and privacy in smartphone applications (25).

Smartphone Applications are made to support T2DM
patients with self-care and education so they can manage
their blood sugar levels. Better blood sugar tracking and
monitoring tools are offered by this program, allowing
blood glucose and HbATc to drop rather quickly (26).

Subsequent investigations ought to concentrate on
the enduring effectiveness of smartphone applications
in managing diabetes. Determining whether these
applications will continue to be effective requires an
understanding of the long-term durability of favorable
outcomes. Itis recommended that researchers investigate
the efficacy of smartphone applications across diverse
demographic groups, considering variables like age,
digital competence, and socioeconomic level.

CONCLUSION

Based on the systematic review, the smartphones
application on self-care intervention for blood
glucose control can be inclusive of diet, exercise and
activity, monitoring and blood glucose control, blood
pressure control, insulin therapy, diabetes medication,
avoiding smoking, diabetes mellitus  education,
stress management, medication time reminders, self-
motivation, and weight control. Various smartphone
applications utilizing self-care management have
resulted in improved blood glucose control (FBS and
HbA1C) in T2DM. It is recommended that health
professionals choosing suitable applications with easily
understood features and Investigate the efficacy of
smartphone applications across diverse demographic
groups.

ACKNOWLEDGEMENT

The researchers would like to thank advisors who have
provided support and guidance in the completion of this
systematic review. Also, thank you to our colleagues
from Institut IImu kesehatan Bhakti Wiyata Kediri who
has helped with their guidance in this manuscript
preparation.

REFERENCES

1. Mehta R, Griffiths B, Lim L, Manne-goehler ],
Pearson- J. Improving Health Outcomes of People
with Diabetes Mellitus: Global Target Setting to
Reduce the Burden of Diabetes Mellitus by 2030.
PMC ). 2023;401(10384):1302-12.

2. Kyrou I, Tsigos C, Mavrogianni C, Cardon G, Van
Stappen V, Latomme J, et al. Sociodemographic
and lifestyle-related risk factors for identifying
vulnerable groups for type 2 diabetes: A narrative
review with emphasis on data from Europe. BMC
Endocr Disord [Internet]. 2020;20(Suppl 1):1-13.

Mal J Med Health Sci 20(SUPP7): 109-114, Aug 2024

10.

11.

12.

13.

14.

15.

Available from: http://dx.doi.org/10.1186/s12902-
019-0463-3

Webber S. International Diabetes Federation. Vol.
102, Diabetes Research and Clinical Practice.
2021.147-148 p.

Mehraeen E, Mehrtak M, Janfaza N, Karimi
A, Heydari M, Mirzapour P, et al. Design and
Development of a Mobile-Based Self-Care
Application for Patients with Type 2 Diabetes. ]
Diabetes Sci Technol. 2022;16(4):1008-15.
Martos-Cabrera MB, Velando-Soriano A, Pradas-
Hernbndez L, Suleiman-Martos N, Cacadas-De la
Fuente GA, Albendnn-GarcHa L, et al. Smartphones
and apps to control glycosylated hemoglobin
(Hbalc) level in diabetes: A systematic review and
meta-analysis. ] Clin Med. 2020;9(3):1-15.
Patnaik L, Panigrahi SK, Sahoo AK, Mishra D,
Beura S, Muduli AK. Mobile health application
based intervention for improvement of quality
of life among newly diagnosed type 2 diabetes
patients. Clin Diabetol. 2021;10(3):276-83.

YuY, Yan Q, Li H, Li H, Wang L, Wang H, et al.
Effects of mobile phone application combined
with or without self-monitoring of blood glucose
on glycemic control in patients with diabetes : A
randomized controlled trial. 2019;10(5):1365-71.
Nguyen Phi Yen, McKhenzie ] etal. Cochrane Evid
Synth Methods. 2023;3(5):1-15. doi.org/10.1002/
cesm.12008.

Schmidt L, Olorisade BK, McGuinness LA, Higgins
JPT. Data extraction methods for systematic review
(semi)automation: A living review protocol.
F1000Research. 2020;9:210.

Page M), Mckenzie JE, Bossuyt PM, Boutron I,
Hoffmann C, Mulrow CD, et al. The PRISMA 2020
statement : an updated guideline for reporting
systematic reviews Systematic reviews and Meta-
Analyses. BMJ J. 2021;1-8.

Eriksen MB, Frandsen TF. The impact of patient ,
intervention , comparison , outcome ( PICO ) as a
search strategy tool on literature search quality : a
systematic review. 2018;106(October):420-31.
Penedones A, Alves C, Batel-marques F.
Recommendations to conduct and report systematic
reviews in medical literature : a scoping review.
BMC Med Res [Internet]. 2019;1:1-14. Available
from: https://doi.org/10.1186/s12874-019-0870-1
Migliavaca CB, Stein C, Colpani V, Barker TH,
Munn Z. How are systematic reviews of prevalence
conducted ? A methodological study. 2020;3:1-9.
Available from: https://doi.org/10.1186/s12874-
020-00975-3

Young HM, Miyamoto S, Dharmar M, Tang-
Feldman Y. Nurse coaching and mobile health
compared with usual care to improve diabetes
self-efficacy for persons with type 2 diabetes:
Randomized controlled trial. JMIR mHealth
uHealth. 2020;8(3).

Hooshmandja M, Mohammadi A, Esteghamti

113



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

16.

17.

18.

19.

20.

21.

114

A, Aliabadi K, Nili M. Effect of mobile learning
(application) on self-care behaviors and blood
glucose of type 2 diabetic patients. J Diabetes
Metab Disord. 2019;18(2):307-13.

Jonusas. Klinio mobile app for diabetes self-care: A
pilotstudy of HbAT1cimprovementin type 2 diabetes
patients. Smart Heal. 2023;29(May):100404.
Tews D, Gouveri E, Simon J, Marck C. A
Smartphone-Based Application to Assist Insulin
Titration in Patients Undergoing Basal Insulin-
Supported Oral Antidiabetic Treatment. 2022;
Boels AM, Vos RC, Dijkhorst-Oei LT, Rutten
GEHM. Effectiveness of diabetes self-management
education and support via a smartphone
application in insulin-treated patients with type 2
diabetes: Results of a randomized controlled trial
(TRIGGER study). BM]J Open Diabetes Res Care.
2019;7(1):1-4.

Sunil Kumar D, Prakash B, Subhash Chandra BJ,
Kadkol PS, Arun V, Thomas JJ, et al. Technological
innovations to improve health outcome in type 2
diabetes mellitus: A randomized controlled study.
Clin Epidemiol Glob Heal. 2021;9(May 2020):53—
6.

Riangkam C, Sriyuktasuth A, Pongthavornkamol
K, Kusakunniran W, Sriwijitkamol A. Effects
of a mobile health diabetes self-management
program on HbAT1C, self-management and patient
satisfaction in adults with uncontrolled type 2
diabetes: a randomized controlled trial. ] Heal Res.
2022;36(5):878-88.

Agarwal P, Mukerji G, Desveaux L, Ivers NM,
Bhattacharyya O, Hensel JM, et al. Mobile app
for improved self-management of type 2 diabetes:

22.

23.

24.

25.

26.

Multicenter pragmatic randomized controlled trial.
JMIR mHealth uHealth. 2019;7(1).

Yang Y, Lee EY, Kim HS, Lee SH, Yoon KH, Cho
JH. Effect of a mobile phone-based glucose-
monitoring and feedback system for type 2
diabetes management in multiple primary care
clinic settings: Cluster randomized controlled trial.
JMIR mHealth uHealth. 2020;8(2):1-15.

Bults M, Leersum CM Van, Johannes T, Olthuis
J. Mobile Health Apps for the Control and Self-
management of Type 2 Diabetes Mellitus:
Qualitative Study on Users ' Acceptability
and Acceptance Corresponding Author: JMIR
DIABETES ). 2023;8:1-11.

Tang H, Qin H, Zhang M, Zhang J, Tan H, Chen
M, et al. Efficacy of a smartphone application for
helping individuals with type 2 diabetes mellitus
manage their blood glucose: a protocol for
factorial design trial. Trials. 2023;1-10. Available
from: https://doi.org/10.1186/s13063-023-07489-
5

Wyatt JC. How can clinicians , specialty societies
and others evaluate and improve the quality of apps
for patient use 2 BMC Med. 2018;1-10. Available
from: https://doi.org/10.1186/s12916-018-1211-7
Hermanns N, Ehrmann D, Finke-Groene K,
Krichbaum M, Roos T, Haak T, et al. Use of
smartphone application versus written titration
charts for basal insulin titration in adults with type
2 diabetes and suboptimal glycaemic control (My
Dose Coach): multicentre, open-label, parallel,
randomised controlled trial. Lancet Reg Heal -
Eur. 2023;33:100702. Available from:https://doi.
org/10.1016/j.lanepe.2023.100702

Mal J Med Health Sci 20(SUPP7): 109-114, Aug 2024



