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Background: Type 1 diabetes is one of the most common chronic diseases
in children. Wearable technology (insulin pumps and continuous glucose
monitoring devices) that makes diabetes management relatively simple,
in addition to education and follow-ups, enhances the quality of life and
health of individuals with diabetes.

Aims: To evaluate the impact of wearable technology on metabolic
management and the quality of life in children and adolescents with
type 1 diabetes.

Study Design: Systematic review and meta-analysis.

Methods: The Preferred Reporting System for Systematic Reviews and
Meta-Analyses was used to conduct a systematic review and meta-
analysis. PubMed, Web of Science, MEDLINE, Cochrane Library, EBSCO,
Ulakbim and Google Scholar were searched in July 2022 and July 2023
using predetermined keywords. The methodological quality of the
studies was evaluated using the Joanna Briggs Institute’s Critical Appraisal
Checklists for randomized controlled experimental and cross-sectional
studies. The meta-analysis method was used to pool the data.

INTRODUCTION

Type 1 diabetes is one of the most common chronic diseases in
children, and an organized self-management strategy that includes
regular blood sugar monitoring, physical activity, optimal nutrition,
and insulin use must be followed.! The therapeutic goal for children
with type 1 diabetes is to avoid or postpone acute and chronic
complications while maintaining the quality of life.? Optimizing
glycemic control in children with type 1 diabetes is crucial for

Results: Eleven studies published between 2011 and 2022 were included.
The total sample size of the included studies was 1,853. The meta-
analysis revealed that the decrease in hemoglobin A1C (HbA1c) level
in those using wearable technology was statistically significant [mean
difference (MD): -0.33, Z = 2.54, p = 0.01]. However, the technology had
no effect on the quality of life [standardized mean difference (SMD): 0.44,
Z =172, p = 0.09]. The subgroup analyses revealed that the decrease
in the HbA1c level occurred in the cross-sectional studies (MD: -0.49,
Z =254, p = 0.01) and the 12-19 (MD = 0.59, Z = 4.40, p < 0.001) and
4-18 age groups (MD: -0.31, Z = 2.56, p = 0.01). The subgroup analyses
regarding the quality of life revealed that there was no difference
according to the research design. However, the quality of life was higher
in the wearable technology group than in the control group in the 8-12
and 4-18 age groups (SMD: 1.32, Z = 2.31, p = 0.02 and SMD: 1.00, Z =
5.76, p < 0.001, respectively).

Conclusion: Wearable technology effectively reduces the HbA1c levels
in children and adolescents with type 1 diabetes in some age groups.
However, it does not affect the quality of life.

neurocognitive and brain structure development, improvement of
health-related aspects of life, and reduction of acute and chronic
complications.?

Currently, wearable technology [insulin pumps and continuous
glucose monitoring (CGM) devices] that makes diabetes management
relatively simple, in addition to patient education and follow-ups,
enhances the quality of life and health of children with diabetes.
In their systematic review and meta-analysis on the quality of life in
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children with type 1 diabetes utilizing an insulin infusion system,
Rosner and Roman-Urrestarazu® analyzed 15 studies on the use of
continuous subcutaneous insulin infusion (CSII) and multiple daily
injections (MDI). They concluded that the hemoglobin A1C (HbA1c)
levels were lower in patients using CSII than in patients using MDI.
Furthermore, these patients demonstrated an improvement in the
quality of life. The authors also demonstrated that the families of
disabled children are more physically and psychologically vulnerable
than families with healthy children, resulting in a decrease in their
quality of life.

Wearable technology offers various advantages to individuals with
type 1 diabetes by providing improved monitoring, management,
and overall quality of life.® Wearable devices such as CGM systems
can continuously monitor glucose levels in real-time. There
is a need for frequent fingertip blood testing that allows for
more comfortable and non-invasive monitoring. CGM systems
provide alerts and alarms when glucose levels are too high or
too low, permitting timely interventions and reducing the risk of
dangerous blood sugar fluctuations. Connecting wearable insulin
pumps to CGM systems can form a closed-loop system known as
the “artificial pancreas.” This integration optimizes blood glucose
control and reduces the burden of manual insulin administration
by allowing automatic insulin delivery based on real-time glucose
readings. Wearable technology collects and stores vast amounts of
data on glucose levels, insulin doses, physical activity and dietary
patterns. This data allows individuals to make informed decisions
regarding diabetes management, which leads to better metabolic
control. Furthermore, wearable technology allows diabetes-related
parameters to be monitored remotely by healthcare professionals,
caregivers, or family members.” This monitoring allows timely
response and support, especially in emergencies, or when blood
glucose levels exceed the target range. Moreover, wearable
technology can improve the quality of life of individuals with type
1 diabetes by eliminating frequent blood glucose measurements via
the fingerstick method and insulin injections. Additionally, it offers
more freedom and flexibility in daily activities.®?

Although wearable technology provides significant benefits, it
should always be used with the advice and guidance of medical
professionals. Regular communication and collaboration with
healthcare professionals remain essential for effective diabetes
management.

According to studies on wearable technology in children and
adolescents with type 1 diabetes, regular use of these devices has
significantly and positively contributed to lowering HbA1c levels,
preventing hypoglycemia attacks, and attaining an improved
quality of life."2 However, according to some studies, there is no
clear evidence of a correlation between insulin pump therapy and
the health-related quality of life in children with diabetes.™™

A systematic critical evaluation of similar existing studies is required
to bridge the gaps in literature and assess the impact of wearable
technology on children for achieving of a good quality of life and
metabolic management. In this study, we aimed to determine the
effect of wearable technology (insulin pump and CGM devices) on
metabolic control and quality of life in children and adolescents
with type 1 diabetes.
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Aim of the study and study questions

In this systematic review and meta-analysis we aimed to determine
how wearable technology affects metabolic management and the
quality of life in children and adolescents with type 1 diabetes. The
following were the study questions to be addressed:

1. How does wearable technology affect the HbA1c levels in children
and adolescents with type 1 diabetes?

2. How does wearable technology affect the quality of life of children
and adolescents with type 1 diabetes?

MATERIALS AND METHODS
Ethics approval

Ethics committee approval was not required for this study because
it was a meta-analysis study, which reanalyzes the data of published
studies that have already been approved by ethics committees.

This study was carried out as a systematic review followed by a
meta-analysis. Existing literature was retrospectively reviewed and
data, analyses, and interpretations were systematically compiled.
The PRISMA statement (Page et al." or meta-analysis checklist on
the items to be included in the writing of the research report) was
followed for creating and writing the study protocol.

To avoid study duplication and limit the potential of bias, the study
protocol was filed in the PROSPERO database (registration number:
NR: CRD42022326378) on June 30, 2022, and revised on June 14,
2023.

Eligibility criteria
The studies were considered eligible on the basis of the following

PICOS criteria:

Population (P): Children and adolescents with type 1 diabetes who
were using wearable technology.

Interventions (l): Use of wearable technology (e.g., insulin pump,
closed circuit insulin delivery systems, CGM system).

Comparators (C): Children and adolescents not using wearable
technology (control group).

Outcomes (0): HbA1c level and quality of life.

Study design (S): Randomized controlled experimental and cross-
sectional studies published in Turkish and English between 2010
and 2023 were included in the study.

Reviews and qualitative studies, studies published in languages
other than Turkish and English, and studies whose full text could
not be accessed were excluded from the analysis.

Screening strategy

The following databases were initially searched in July 2022 and
updated in July 2023: PubMed, Web of Science, MEDLINE, Cochrane
Library, EBSCO, Ulakbim, and Google Scholar. The following word
groups were used in the searches: “(Diabetes Mellitus OR, Type )
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AND Child* OR Adolescent* AND (Insulin* OR Insulin Pump* OR
Continuous Subcutaneous Infusion* OR Continuous Subcutaneous
Injection*OR Wearable Technology*) AND (quality of life* OR
HbA1c*) NOT (Diabetes Mellitus OR Type 2*)”. The English keywords
used were determined in accordance with “Medical Subject
Headings (MESH)”. An example of a PubMed search: ((“diabetes
mellitus’[MeSH Terms] OR (“diabetes”[All Fields] AND “mellitus”[All
Fields]) OR (“diabetes mellitus”[All Fields]) OR Type[All Fields]) AND
((“child”[MeSH Terms] OR “child”[All Fields]) OR (“adolescent’[MeSH
Terms] OR “adolescent”[All Fields])} AND ((“insulin”[MeSH Terms]
OR “insulin”[All Fields]) OR ((“insulin”[MeSH Terms] OR “insulin”[All
Fields]) AND PumplAll Fields]) OR (Continuous[All Fields] AND
(“infusions, subcutaneous”’[MeSH Terms] OR (“infusions”[All Fields]
AND “subcutaneous”[All Fields]) OR “subcutaneous infusions’[All
Fields] OR (“subcutaneous’[All Fields] AND “infusion”[All Fields]) OR
“subcutaneous infusion”[All Fields]) OR (Continuous[All Fields] AND
(“injections, subcutaneous’[MeSH Terms] OR (“injections”[All Fields]
AND “subcutaneous”[All Fields]) OR “subcutaneous injections’[All
Fields] OR (“subcutaneous’[All Fields] AND “injection”[All Fields])
OR “subcutaneous injection”[All Fields])) OR (“wearable electronic
devices"[MeSH Terms] OR (“wearable”[All Fields] AND “electronic”[All
Fields] AND “devices”[All Fields]) OR “wearable electronic devices”[All
Fields] OR (“wearable”[All Fields] AND “technology”[All Fields]) OR
“wearable technology”[All Fields]) AND ((“quality of life"[MeSH Terms]
OR (“quality”[All Fields] AND “life”[All Fields]) OR “quality of life”[All
Fields]) OR (“glycated hemoglobin”’[MeSH Terms] OR (“glycated”[All
Fields] AND “hemoglobin”[All Fields]) OR “glycated hemoglobin”[All
Fields] OR “HbATC’[All Fields])) AND (“2010/01/01”[PubDate]:"2023/
06/30"[PubDate]). The reference lists of the studies included in the
meta-analysis and that of previous meta-analyses were checked for
additional studies to be screened.

Selection of studies

After excluding the duplicate studies from search results, the title,
abstract, and full text of the articles were evaluated for eligibility.
Disagreement between the two investigators about a particular study
were resolved by reaching a consensus following a joint discussion.
The PRISMA flowchart depicts the total number of studies screened,
found eligible for meta-analysis, and excluded and the reasons for
excluding certain studies (Figure 1).

Assessment of the methodological quality of studies

The methodological quality of the studies included in this meta-
analysis was assessed using the Joanna Briggs Institute’s (JBI) Critical
Appraisal Checklist for randomized controlled experimental and
cross-sectional studies.’™ The checklist includes 13 questions for
experimental studies and eight questions for cross-sectional studies.
The response options for the questions are “Yes,” “No,” “Uncertain,”
and “Not applicable.” The methodological quality of the included
studies was considered “mediocre” if < 50% of the items were
answered “yes,” “moderate” if 51-80% of the items were answered
“ves,” and “good” if > 80% of the items were answered “yes.” The
quality was assessed independently by both investigators, and the
studies were combined in a single text for joint sessions.

Data extraction

The data extraction tool produced by |BI and available from its
website was utilized to extract study data and make relevant
alterations to the study. Using this data extraction tool, the methods
used to obtain data on the place and year of the studies included
in the meta-analysis, data sources utilized, sample size, use of an
insulin pump, GCM, HbA1c level, and quality of life were gathered
along with the main study results. The research data were analyzed
independently by both investigators.

Pilot study

To prevent the risk of possible bias, the investigators, who met at
each stage of the study, created a standard road map for conducting
the pilot study for article screening, article selection, data extraction,
and quality assessment of the included articles. Furthermore, both
investigators carried out all the steps independently to prevent
possible errors. The selected studies were combined in a single text
for the joint sessions.

Ethical aspects

Because the studies used in the meta-analysis were open-access
articles, permission from the individual authors was not obtained,
and the data were used by citing the articles.

Statistical analysis

After pooling the gathered data, Review Manager (version: 5.4.1; The
Nordic Cochrane Centre, Copenhagen, Denmark) was utilized for the
meta-analysis. Heterogeneity between studies was assessed using
the Tau?, Cochran’s Q, and F? statistics. An /? of 0-40%, 30-60%, 50-
90%, and 75-100% indicated non-important, moderate, substantial,
and considerable heterogeneity, respectively.'” An ? of > 50% was
considered significant heterogeneity. If > was > 50%, a random
effects model was used. However, if #was < 50%, a fixed effects
model was used. The continuous variables of the study were quality
of life and HbA1c level. Because these variables were evaluated with
different measurement tools, the SMD was calculated for the quality
of life, and the mean difference (MD) was calculated for the HbA1c
level. All the tests were two-tailed, and a p value of < 0.05 was
considered statistically insignificant. Additionally, in the sensitivity
analysis, subgroup analyses were performed for quality of life and
HbA1c level according to the participants’ age groups and the study
designs.

RESULTS

Search results

The initial database search identified 3,442 studies, and the
subsequent review of additional sources revealed five studies. After
excluding redundant data, titles, and abstracts, the full text of 25
articles were analyzed according to the inclusion criteria. Finally, 11
articles were included in the analysis (Figure 1).

Balkan Med J, Vol. 41, No. 4, 2024



264 Yesil and Gévener Ozgelik. The Effect of Wearable Technology on Metabolic Control and Quality of Life in Children and Adolescents with Type 1 Diabetes

Characteristics of the studies and study participants

Of the 11 studies included in the systematic review and meta-
analysis, five were randomized controlled experimental studies, ¢!
and six were cross-sectional studies.?*?” The studies were conducted
in 2007-2022 and published in 2011-2022. However, the year of
the study was not reported in three studies.’?'?” The studies were
conducted in Australia,'®?" Germany,? Saudi Arabia,?*?* Sweden,?
Denmark,? Italy,” Hungary,” and Tiurkiye.?® The total sample size
of the included studies was 1,853 (wearable technology group, n
= 869; control group, n = 984). The age of the participants in the
studies ranged from 1 to 25 years (Table 1).

Characteristics of the intervention

Interventions such as stopping the pump before the onset
of hypoglycemia, providing sensor support, and early or late
application, comparison of the pump and MDIs, and the use of
algorithms were employed in the included studies (Table 1).

Study quality assessment results

Among the randomized controlled experimental studies, one
was of good quality and four were of moderate quality. Among
the cross-sectional studies, three were of good quality and three
were of moderate quality (Table 2). In the randomized controlled
experimental studies, issues were primarily observed during

blinding, and in the cross-sectional studies, issues were related to
identifying and managing confounding/contributing factors.

Meta-analysis of data related to HbA1c level

In eight studies, the HbATc levels of patients using wearable
technology were compared with those of the controls.21820222527
The meta-analysis revealed that wearable technology caused a
statistically significant decline in HbA1c levels (MD: -0.33, Z = 2.54,
p = 0.01; Figure 2). In the subgroup analysis according to study
design, the significant effect was seen in the cross-sectional studies
(MD: -0.49, Z = 4.54, p = 0.01; Figure 3). In the subgroup analyses
according to the participant age groups, a significant effect was
observed in the 12-19 (MD: 0.59, Z = 4.40, p < 0.001) and 4-18 (MD:
-0.31,Z = 2.56, p = 0.01) age groups (Figure 4).

Meta-analysis of data related to the quality of life

In 10 studies, data regarding the quality of life of children or
adolescents using wearable technology and that of the controls were
reported 28192127 The meta-analysis revealed that the difference in
the quality of life between those using wearable technology and the
controls was not statistically significant (SMD: 0.44, Z = 1.72, p =
0.09; Figure 5). This was consistent with the results of the subgroup
analyses according to the study design (randomized controlled
experimental study: SMD: 0.20, Z = 0.49, p = 0.14 vs. cross-sectional
study: SMD: 0.62, Z = 1.49, p = 0.14) (Figure 6).

]

Identification

[

]

Screening

[ Included ]

FIG. 1. PRISMA 2020 flow diagram.

Records identified from:
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}

Records removed before screening:
Duplicate records removed
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Records removed for other
reasons (n = 0)
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Organisations (n = 0)
Citation searching (n = 3)
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(n =3,442)

}
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(n = Not applicable)

Reports not retrieved
(n = Not applicable)

}

v

Reports sought for retrieval

Reports assessed for eligibility (n
=25)

Studies included in review

Reports excluded: (n = 15)
Not reporting any results that can
be analysed (n = 13)
Suspicious data (n = 1)
Duplicated study (n = 1)

(n=9)
!

Reports assessed for eligibility
(n=1)

(n=11) <
Reports of included studies
(n=11)

PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.
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TABLE 1. Characteristics and Main Findings of the Included Studies.
Intervention
Data Data type (wearable
Author(s); year,  Study design/  collection  collection technology) and  Average age, Main
country place of study tool year Sample size its features year (SD) outcomes
Abraham et RCT/Home Trial PedsQL No Intervention (PLGM): Insulin pump Intervention:  HbA1c quality
al.’; 2018, information (n=80); 13.1£28 of life
Australia Control (SAPT): (n = 74) Control: 13.3
+28
Total: 13.2 £ 2.8
Range, 8-20
years
Abraham et RCT/Pediatric HbA1c 2017-2019 Intervention (HCL): Hybrid closed- 12-25 years HbA1c quality
al.’?; 2021, Diabetes Center PedsQL (n=58); loop (HCL); <18 years of life
Australia Control (CSI or MDI with Insulin pump > 18 years
or without CGM): (n = 53)
Al Hayek et al.??;  (SS/Diabetes PedsQL 3.0 2017 Intervention (CSII): Insulin pump 13-19 years HbA1c quality
2017, Saudi Treatment (n=18); of life
Arabia Center Control (MDI): (n = 29)
Al Shaikh et CSS/Pediatric PedsQL 3.0 2016 Intervention (CSII): Insulin pump 0-18 years Quality of life
al.?; 2020, Saudi Service (n=34); MDI: 129 +2.8
Arabia Control (MDI): (n = 34) CSll: 14.6 £ 2.5
Birkebaek et (SS/Web-based HbA1c 2009 Intervention (CSII): Insulin pump 8-17 years Quality of life
al. 2 2014, PedsQL-DM (n =295); (early-late use)  CSII: 12.9 + 2.6
Denmark PedsQL-GCS Control (MDI): (n = 405) MDI: 13.6 £ 2.6
Brorsson et al.?%;  RCT/Children’s HbA1c 2012-2013 Intervention (CSII + Guided self- 12-18 years HbA1c
2019, Sweden Hospital GSD-Y): (n = 37); determination
Control (CSIN): (n=32)  (GSD-Y) (training
with insulin
pump)
Franceschi et CSS/Pediatric PedsQL3.0  2017-2022 Intervention (group A: Sensor (early-late 4-18 years Quality of life
al.?; 2022, Italy Diabetology early use of CGM): (n = 85); use) HbA1c
Outpatient Clinic Control (late use of group
B - 1 year after diagnosis):
(n=1467)
Jenkins et al.*';  RCT/Unspecified DQOLY No Group A (intervention: Insulin pump Adolescents Quality of life
2011, Australia information CSII/RT - CGM with (algorithm) over 13 years of
algorithm): (n = 28); age;
Group B (control: CSII/RT Group A: n =11
- CGM without algorithm): (16.6 = 1.3)
(n=27) Group B: n =11
(16.6 + 1.5)
Kardas and CSS/Child HbA1c 2020-2021 Intervention (insulin Insulin pump 8-12 years HbA1c PedsQL
Girol?; 2022, Endocrinology PedsQL pump): (n = 40);
Turkiye Outpatient Clinic Control (insulin pen):
(n=40)
Lukdcs et al.?; CSS/Diabetes PedsQL 4.0 No Intervention (CSII): Insulin pump 8-18 years Quality of life
2013, Hungary ~ Summer Camps HbA1C information (n=104); CSIl: 13.29 +
Control (MDI): (n = 135) 2.85
MDI: 13.44 +
2.90
Mueller- RCT/Pediatric KINDL-DM  2011-2014 Intervention (CSII): Insulin pump 6-16 years Quality of life
Godeffroy et al.?; Diabetes Center HbA1c (n=90); G113 +2.7 HbA1c
2018, Germany Control (MDI): (n = 89) MDI: 119+ 2.8

PedsQL DM, Pediatric Quality of Life Inventory (PedsQL) 3.0 Diabetes Module; PedsQL GCS, Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core Scale (GCS);
DQOL-Y, Diabetes Quality of Life for Youth Questionnaire; CSII, Continuous subcutaneous insulin infusion; PLGM, SAPT + Suspend before low; FGM, Flash glucose
monitoring; GSD-Y, Guided self-determination-young; isCGM, intermittently scanned continuous glucose monitoring; Abbott FreeStyle Libre 1° Glucose Monitoring
System; CSlI, Continuous subcutaneous insulin infusion; CGM, Continuous glucose monitoring; SAPT, Sensor-augmented pump therapy; SAP (Paradigm Real-Time Insulin
Pump and Continuous Glucose Monitoring System, Medtronic MiniMed, Northridge, CA, USA); CSII, MiniMed Paradigm 515/715 insulin pumps (Medtronic MiniMed);
KIDSCREEN, Children questionnaire of health-related quality of life; KINDL-DM, Diabetes specific quality of life; MDI, Multiple daily injections.
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However, in the subgroup analyses according to the participant age (SMD: 1.32,Z = 2.31, p = 0.02) and 4-18 years (SMD: 1.00, Z = 5.76,
groups, the quality of life was higher in the wearable technology p < 0.001) (Figure 7).
group than in the control group in the age groups of 8-12 years

TABLE 2. Quality Assessment Scores of the Studies.

JBI critical appraisal checklist questions for randomized controlled trials

Studies $1 S2 S3 S$4 S5 S6 S7 S8 S9 $10 S11 $12 $13 Qualityscore

Abraham et al."®; Y N Y N N N Y Y Y Y Y Y Y Medium

2018 (69.2%)

Abraham et al.’?; Y Y Y N N Y Y Y Y Y Y Y Y Good (84.6%)

2021

Brorsson et al.?’; Y B Y N N N Y Y Y Y Y Y Y Medium

2019 (69.2%)

Jenkins et al.?"; 2011 B B Y B N N Y Y Y Y Y Y Y Medium
(61.5%)

Mueller-Godeffroy et Y B N N N Y Y Y Y Y Y Y Y Medium

al.2: 2018 (69.2%)

Question quality 60.0%  0.0% 80% 0.0% 0.0% 40.0% 100% 100% 100% 100% 100% 100% 100%

score

Studies JBI critical appraisal checklist questions for cross-sectional studies

S1 S2 S3 S$4 S5 S6 S7 S8

Al Hayek et al.%; Y Y Y Y N N Y Y Medium

2017 (75.0%)

Al Shaikh et al.%; Y Y Y Y N N Y Y Medium

2020 (75.0%)

Birkebaek et al.2; Y Y Y Y N N Y Y Medium

2014 (75.0%)

Franceschi et al.?; Y Y Y Y Y N Y Y Good (87.5%)

2022

Kardas and Girol?; Y Y Y Y Y N Y Y Good (87.5%)

2022

Lukdcs et al.?”; 2013 Y Y Y Y Y Y Y Y Good (100.0%)

Question quality 100%  75.0% 75.0% 75.0% 100% 100% 75.0% 100%

score

Y, yes; N, No; U, not applicable; B, undetermined Contributions of Authors. “|BI critical appraisal checklist questions for randomized controlled trials (Appendix 1)” and
“|BI critical appraisal checklist questions for cross-sectional studies (Appendix 2) “were used in the quality assessment of the studies.

Wearable technology Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Abraham 2018 7.8 0.e 20 7.6 1 T4 15.3% 0.20[-0.09, 0.45] T
Abraham 2021 7A 1.1 ] 76 08 A3 13.8%  -010[-0.46, 0.26] e
Al Hayek 2017 T.84 1.08 47 8.5 1.07 47 12.3% -0.66 [-1.08,-0.23] -
Brorsson 2013 T.Ba 0.a5 37 B.2Y 1.03 32 11.3%  -0.A5[1.07,-0.11] e —
Franceschi 2022 6.88 0.r2 85 719 0.76 B7Y  16.3% -0.31 [-0.55,-0.07] =
Kardag 2022 T.BA 1.69 40 9.2 243 40 2% -1.A5[2.40,-061] +—
Lukacs 2013 863 1.49 104 875 16 1358 130% -012[0.481,0.27] — 1
Mueller-Godefiray 2018 714 0.av 96 7.53 1.87 96 12.7%  -0.39[-0.80,0.032] e
Total (95% CI) 547 544 100.0% -0.33 [-0.58, -0.07] =
Heterogeneity: Tau®=0.09; Chi*= 2391, df=7 (P=0.001}; F=71% f

| ] ]
-1 -0.4 1] 0.5 1

Testfor averall effect £= 294 (P =0.01) Wearable technology  Control

FIG. 2. Meta-analysis of HbA1c level in the wearable technology and control groups.
Cl, confidence interval; SD, standard deviation; HbA1c, hemoglobin A1C.
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Wearable technology Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
41.1 RCTs
Abraham 2018 7B 0.8 20 7.6 1 T4 15 3% 0.20 [-0.05, 0.459] ]
Abraham 2021 TA 1.1 58 TE 08 53 13.8% -010[-0.46, 0.26]
Brarsson 2019 768 0.99 37 B.2Y 1.03 22 1M.3% -0A9[1.07,-0.11] ——
mMueller-Godefiray 2018 714 0.ar 96 753 1.87 96 12.7% -0.39 080, 0.02] 4
Subtotal (95% CI) 27 255  531%  -0.19[-0.53, 0.16] ——e

Heterogeneity: Tau®=0.04%; Chit=1010, df= 3 (P =002 F=70%
Testfor overall effect Z=1.06 (P =0.25)

4.1.2 Cross-sectional study

Al Hayek 2017 784 1.08 47 8.5 1.07 47
Franceschi 2022 6.88 0.72 85 719 076 67
Kardag 2022 7.65 1.63 40 9.2 243 40
Lukacs 2013 .63 1.48 104 875 168 135
Subtotal (95% CI) 276 289

Heterogeneity: Tau?=0.04; Chi*= 955, df =3 (P=002; F=E9%
Testfor averall effect £= 2594 (P =0.01}
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FIG. 3. Subgroup analyses of the HbA1c level in the wearable technology and control groups according to the study design.
Cl, confidence interval; SD, standard deviation; HbA1c, hemoglobin A1C; RCT, randomized controlled trials.

DISCUSSION

In this systematic review and meta-analysis, we have presented the
findings of 11 studies to explore the impact of wearable technology
on metabolic management and the quality of life in children and
adolescents with type 1 diabetes. We found that although wearable
technology effectively lowered HbA1c levels, it did not influence
the quality of life outcomes. These findings indicate that wearable
technology can be used in routine care settings with fewer invasive
procedures.

In this study, we found that the use of wearable technology lowered
the HbA1c levels in children and adolescents with type 1 diabetes.
Moreover, in the subgroup analysis according to the study design,
this significant influence was observed in the cross-sectional
studies. In the subgroup analysis according to the participant age
groups, wearable technology effectively reduced HbA1c levels in
the 8-11, 12-19, and 4-18 age groups. Isganaitis et al.® examined
the glycemic control of diabetic individuals aged 14-18 and 18-25
years. Among the individuals under the age of 18, 31 use used a
closed-loop control (CLC) system and 17 used a sensor-augmented
pump technology. The CLC system demonstrates significant
potential in maintaining the HbA1c level within the normal limits
in patients of all age groups. Sherr et al.?® conducted a study on
80 children aged 2-5.9 years who were using insulin technology.
They found that the technological devices safely and effectively
achieved glycemic control. Messer et al.>* examined the effect of a
bionic pancreas (n = 112) and CGM (n = 53) on diabetes control in
children aged 6-17 years. They determined that the use of a bionic
pancreas had a more positive effect on HbA1c levels than CGM, and
that CGM had a more positive effect than standard care. Similar
to the findings in literature, we found that wearable technology

was effective in reducing HbA1c levels in the 8-11, 12-19, and 4-18
age groups. This finding is significant when the acute and chronic
complications of diabetes and prevention strategies are considered.
In Sweden, Fureman et al.>' compared the HbA1c level, incidence of
hypoglycemia, and body mass index of children with type 1 diabetes
using CSII with those of children using MDI. The study grouped
the children by age as follows: 0-6-year-olds, 7-12-year-olds, and
13-17-year-olds. In children aged 0-6 years and 7-12 years, the HbA1c
level was lower in the CSII group than in the MDI group. The mean
HbA1c level was higher in boys aged 13-17 years than in boys of
other ages only in the CSII group. However, there was no significant
difference in the mean HbA1c level between the CSII and MDI
groups. Ross and Neville®* compared the HbA1c level and quality
of life of children using MDI and CSIl in 15 randomized controlled
trials. They found that the HbA1c level significantly decreased (-0.18
to -0.7%) and the quality of life significantly increased in children
using CSII, when compared with children using MDI. However, there
was no significant difference in HbA1c level across the groups. Our
study results were similar to these results.3'*? Teo et al.* examined
and analyzed 21 randomized controlled trials that assessed the
effectiveness of CGM in maintaining glycemic control in individuals
with type 1 diabetes. In the study, the incidence of HbA1c,
hypoglycemia, and ketoacidosis was examined. They determined
that although CGM had a positive effect on glycemic control, there
was no statistically significant difference in the result. In a meta-
analysis study of individuals with type 1 diabetes, CGM and self-
monitoring of blood glucose (SBMG) were compared in addition to
the HbA1c levels of the CGM + CSIl and SMBG + MDI groups. The
HbA1c levels of the CGM and CGM + CSII groups were significantly
lower than the HbA1c levels in the SBMG and SMBG + MDI groups.
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FIG. 4. Subgroup analyses of the HbA1c of level in the wearable technology and control groups according to age groups.
Cl, confidence interval; SD, standard deviation; HbA1c, hemoglobin A1C.
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FIG. 5. Meta-analysis of the quality of life in the wearable technology and control groups.
Cl, confidence interval; SD, standard deviation; RCT, randomized controlled trials.

Balkan Med J, Vol. 41, No. 4, 2024



Yesil and Govener Ozgelik. The Effect of Wearable Technology on Metabolic Control and Quality of Life in Children and Adolescents with Type 1 Diabetes

Wearable technology Control 5td. Mean Difference Std. Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
31.1RCTs
Abraharn 2018 £9.96 11.6 a0 7055 13497 74 10.3% -0.05 [F0.37, 0.26] —
Abraham 2021 723 148 58 B7.7 136 53 10.2% 0.32[-0.05,0.70] T
Jenking 2011 2.04 0.8 11 21 0.57 11 8.3% -0.08 092, 0.75] e
Mueller-Godeffroy 2018 7434 1254 81 63.24 1556 84 10.3% 043012, 0.74] —
Subtotal (95% CI) 230 222 39.2% 0.20 [-0.06, 0.47] il
Heterogeneity: Tau®=0.03; ChiF=541,df= 3 (P=014); F= 45%
Testfor overall effect Z=1.49{(FP =014}
3.1.2 Cross-sectional study
Al Hayek 2017 493 5.8 47 459 5.6 47 10.0% 0.59[0.18, 1.00] e —
Al Shaikh 2020 80,63 11.51 34 6772 19.65 34 98% 0.79[0.30,1.29] e ——
Birkebhaek 2014 7276 1 295 7349 0.86 405 107% -0.79 [-0.95,-0.64] —
Franceschi 2022 83.14 7.87 85 7458 9.29 67 10.3% 1.00 [0.66, 1.34] e—
Kardag 2022 2,078 3628 40 1,433.75 354.08 40 96% 1.89[1.36, 2.42] —
Lukacs 2013 AT 14M 104 7246 1466 135 105% 0.32 [0.08, 0.58] —
Subtotal (95% CI) 605 728 60.8% 0.62 [-0.19,1.43] —me——
Heterogeneity: Tau®= 0.99; Chi®= 203.22, df= 5 (F = 0.00001); F= 98%
Testfor overall effect Z=1.49{(FP =014}
Total (95% CI) 835 950 100.0% 0.44 [-0.07, 0.94] [
Heterogeneity: Tau®= 0.63; Chi®=215.21, df= 9 (F = 0.00001); F= 96% 51 -DI 5 b t 15

Testfor overall effect: Z2=1.68 (P = 0.04)
Testfor subagroup differences: Chi*= 091, df=1{P=034), F=0%

Wearable technology Contro.l

FIG. 6. Subgroup analyses the quality of life in the wearable technology and control groups according to study design.

Cl, confidence interval; SD, standard deviation.

Wearable technology Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 Age group 12-25 years
Abraham 2021 723 148 58 B7.7 136 53 9.3% 0.32 [-0.05, 0.70] b
Subtotal (95% CI) 58 53 9.3% 0.32 [-0.05, 0.70] fa-—
Heterogeneity: Mot applicahle
Testfor averall effect Z=1.68 (P = 0.09)
6.1.4 Age group 8-12 years
Kardag 2022 2,075 316.28 40 143375 35408 40  B8% 1.89[1.36, 2.42] —_—t
Mueller-Godeffroy 2018 745 12 35 643 149 8.9% 0.75[0.25,1.29] =
Subtotal (95% CI) 75 71 17.7% 1.32 [0.20, 2.44] ——e N —
Heterogeneity: Tau®= 058, Chi®=9.38, df=1 (P = 0.002); F= 84%
Testfor averall effect Z2=2.31 (P=0.02)
6.1.5 Age group 12-19 years
Al Hayek 2017 493 58 47 459 56 47 9.2% 0.591(0.18,1.00] =
Jenking 2011 2.04 08 11 21 057 1M 7.6% -0.08 [-0.92, 0.75] S E—
Mueller-Godeffroy 2018 742 13 46 709 16 53 9.2% 0.22 017, 0.62] T
Subtotal (95% CI) 104 111 26.0% 0.33 [0.00, 0.67] 5
Heterogeneity: Tau®=0.02; Chi*=2.74, df= 2 (P =0.25), F=27%
Testfor averall effect Z2=1.98 (P = 0.08)
6.1.6 Age group 8-20 years
Abraham 2018 £9.86 116 a0 055 1387 T4 94% -0.05 [-0.37, 0.26] T
Al Shaikh 2020 8063  11.51 34 G772 1965 34 89% 0.79[0.30,1.29] e
Birkebaek 2014 7279 1 295 7349 086 405 9.8% -0.76 [-0.91, -0.60] -
Lukacs 2013 TR 14 104 T246 1466 135  96% 0.32 [0.06, 0.58] —
Subtotal (95% CI) 513 648 37.7% 0.05 [-0.63, 0.74] =T T
Heterogeneity, Tau®= 0.46; Chi*= 76.60, df= 3 (P = 0.00001); "= 96%
Testfor averall effect Z= 016 (P = 0.88)
6.1.7 Age group 4-18 years
Franceschi 2022 83.14 7.87 85 7458 929 BT 94% 1.00 [0.66, 1.34] —_—
Subtotal (95% CI) 85 67 9.4% 1.00 [0.66, 1.34] .
Heterogeneity: Mot applicahle
Testfor overall effect Z= 576 (P = 0.00001)
Total {95% CI) 835 950 100.0% 0.45[-0.03, 0.93] oo
Heterogeneity, Tau®= 0.60; Chi*= 210.09, df= 10 (F = 0.00001); "= 95% 52 51 b 15 é

Testfor averall effect Z=1.83 (P=0.07)
Test for subgroup differences: Chi®=13.47, df= 4 (P = 0.0049), F=70.5%

Wearable technology Control

FIG. 7. Subgroup analyses of the quality of life in the wearable technology and control groups according to age groups.

Cl, confidence interval; SD, standard deviation.
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However, there was no statistically significant difference between
the groups.>* Bekele et al.” and Ng et al.”?also found that children
using wearable technology had lower HbAlc levels than those
receiving multiple injections. The results obtained in our study are
consistent with those of the literature. Children using wearable
technology have lower HbA1c levels that those using MDI due to the
more frequent blood glucose monitoring.

In our study, we found that the use of wearable technology improved
the quality of life in children and adolescents with type 1 diabetes.
However, there was no significant difference between the groups.
Gianini et al." used an advanced hybrid CLC system to evaluate 24
children and adolescents with type 1 diabetes. They determined that
the use of the CLC system decreased the fear of hypoglycemia and
emotional stress and improved the quality of life. In the study by Ng
et al.”?, the HbA1c level decreased and the quality of life increased
in children using the advanced hybrid CLC system. However, there
was no statistically significant difference.

According to our meta-analysis, the effect of wearable technology on
the quality of life in children and adolescents with type 1 diabetes
was similar in randomized controlled experimental studies and
observational trials. Nivet et al.*> discovered similar results in their
study on children aged 10-17 years with type 1 diabetes. They did
not find a significant difference in quality of life between children
who used a tubeless patch pump and those who received numerous
injections.

In our study, the effect of wearable technology on the quality of
life of children and adolescents with type 1 diabetes was similar
in the 12-19 and 8-20 age groups. However, wearable technology
was effective in increasing the quality of life in children in the age
groups of 4-18 and 8-11 years. Bratke et al.*®* examined the HbA1c
levels and quality of life of children aged 10-17 years who used CGM
and insulin pumps. They reported that the use of these devices were
not positively correlated with the patient’s quality of life.

The lack of difference between the quality of life of children using
wearable technology and that of children using MDI or measuring
blood glucose via the fingerstick method may be related to the
adaptation of children to new technologies. Adaptation to a new
technology is a long process for some individuals. During the
adaptation process, the child with type 1 diabetes and their family
need support, particularly from healthcare professionals. We believe
that this process of adaptation may delay the improvement in the
child’s quality of life. Individual differences should be accounted for
when considering the use of wearable technology for children with
type 1 diabetes. These individual characteristics may account for the
differences in quality of life and the use of wearable technology in
different age groups. Furthermore, a child may not want to give up
the systems (e.g., fingerstick blood glucose measurement and MDI)
that he/she are accustomed to.

The strengths of this systematic review and meta-analysis were the
broad availability of systematic reviews, the fact that the majority of
the studies examined were up-to-date and conducted in developed
countries, including Europe, and the moderate-to-good quality of
the studies. Another strength of the study was that the HbA1c level

Balkan Med J, Vol. 41, No. 4, 2024

and the quality of life included in the analysis were determined
by concrete and measurable methods. However, a limitation of
this meta-analysis was that only studies published in English were
included. Furthermore, some of the meta-analysis studies included
only a small number of studies with small sample sizes and
demonstrated high heterogeneity between studies. This may have
weakened the strength of the results. In order to control this effect,
the random effects model was selected if 1> was > 50%.

This study revealed that wearable technology effectively reduces
HbA1c levels in children and adolescents with type 1 diabetes. This
significant effect was observed in cross-sectional studies and in
the 12-19 and 4-18 age groups. We also determined that wearable
technology did not influence the quality of life outcomes in children
and adolescents with type 1 diabetes, and this finding was seen in
randomized controlled experimental and cross-sectional studies.
However, although wearable technology demonstrated a similar
effect on the quality of life in the 12-19, 12-25, and 8-20 age groups,
it effectively improved the quality of life in the 4-18 and 8-12 age
groups.

These findings indicate that the use of wearable technology in
children and adolescents with type 1 diabetes can be expanded
on the basis of patient preferences. Furthermore, healthcare
professionals should be informed and made aware during formal
and informal training that wearable technologies is an option
for children and adolescents with type 1 diabetes. Health service
managers can design their policies in a manner that supports the
use of wearable technologies and integrates these techniques into
the care services offered to children with type 1 diabetes. More
comprehensive randomized controlled trials are required to explore
the effectiveness of wearable technology. Furthermore, qualitative
studies should be conducted to determine the actual experiences of
patients in this context.
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