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Background: The COVID-19 pandemic has escalated the utilization of virtual care platforms in pediatric diabetes mellitus. The
impact of these interventions on the health-related quality of life (HRQOL) is unclear.

Objective: This systematic review evaluated the impact of virtual care, including eHealth and mHealth modalities, when compared to
in-person care, on HRQOL in children with diabetes.

Methods: MEDLINE, EMBASE, EMCare, Psyclnfo, and Web of Science, ProQuest Dissertations and Theses A&I, and
ClinicalTrials.gov databases and registries were searched from database inception to October 2™, 2023. Randomized and non-
randomized comparative studies were eligible for inclusion.

Results: Thirteen studies were identified (12 randomized controlled trials, 1 cross-sectional study) involving 1566 children with type 1
diabetes mellitus (TIDM). The supplemental virtual care interventions utilized either web- or mobile-based platforms for intervention
implementation. No interventions were detrimental to HRQOL, and a few improved the short-term HRQOL. No interventions
worsened glycemic control. Patients and family’s satisfaction with virtual care was high, perceiving it to be equal to or better than in-
person care. There was no evidence for the use of virtual care and its effect on HRQOL in pediatric type 2 diabetes mellitus patients.
Conclusion: Virtual care is associated with a stable or improved HRQOL and patient and family satisfaction in pediatric TIDM.
Decision makers need to consider expanding virtual access to pediatric diabetes care that can improve equitable access to quality care
across healthcare systems globally.
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Introduction
The COVID-19 pandemic disrupted pediatric clinical care globally.' ™ In the case of children living with diabetes, the
pandemic significantly curtailed in-person clinic visits.'>® When available, diabetes care teams shifted rapidly to virtual
care models to support children and families living with diabetes through these unprecedented times.'+

While the pandemic significantly influenced care models to incorporate virtual components, advancements in digital
technology and innovations in virtual pediatric diabetes care delivery present a significant area of opportunity. Virtual
interventions in pediatric diabetes management have the potential to increase autonomy and may offer seamless
integration of management strategies into the daily lives of children living with diabetes. It also offers the possibility
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of timely feedback and collaboration with healthcare providers.®'! Virtual pediatric diabetes clinics also support the
equitable access to specialized care in remote regions where attending clinic visits may be a challenge.'*'?

Integrating technology into glucose monitoring and insulin delivery has improved glycemic control and decreased the
incidence of adverse events, and has the potential to improve the health-related quality of life (HRQOL) for patients
living with diabetes.'* ' HRQOL measures how a disease impacts a patient’s sense of wellbeing, and the biopsycho-
social effects of treatment; crucially, it is correlated with patient acceptance and tolerance of treatment.’®*' The
combined use of diabetes technologies, including mobile applications, texting services and virtual access to healthcare
teams offers a unique opportunity to reshape health policy that can improve pediatric diabetes care and outcomes.***

There are many psychosocial challenges associated with diabetes management in the pediatric and adolescent
populations including the progressive desire for increased autonomy, peer pressures leading to inconsistency in diabetes
care tasks, as well as unpredictable schedules.”**> The carbohydrate counting for meals and snacks and the calculation
and administration of insulin doses with and without activity and sick day management all pose additional burdens on
patients and families.**?

The complexity of diabetes management necessitates the evaluation of virtual interventions for their impacts on the
HRQOL and emotional well-being, as well as glycemic control.?**

This systematic review aimed to evaluate the impact of virtual interventions on HRQOL in pediatric diabetes patients.

Methods

The protocol for this systematic review was prospectively registered with PROSPERO (CRD42021235646) and
published following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline.”®*’ The PRISMA checklist is reported in Supplementary Table 1. This study is exempted from ethics review

as it is a secondary synthesis of deidentified, aggregated, and publicly available data.

Search Strategy

The search strategy for this review was developed in consultation with a Senior Health Sciences Librarian (LB). The
search strategies for the included databases are reported in Supplementary Tables 2—8. We searched MEDLINE,
EMBASE, EMCare, PsycInfo, and Web of Science as well as ProQuest Dissertations and Theses A&I, and
ClinicalTrials.gov for grey literature, from database inception to October 2™, 2023. The reference lists of included

studies and relevant systematic reviews were also hand-searched for potentially relevant studies.

Data Management

Search results were imported into Covidence?® where duplicates were removed and data screening was completed. Data
abstraction was conducted using a form developed in Microsoft Excel. The data abstraction form was pilot tested to
ensure validity.

Eligibility Criteria
Eligible studies included randomized controlled trials (RCTs) and non-randomized comparative study designs. Studies
were included if they recruited boys and girls 2—18 years of age, from all ethnicities with a diagnosis of type 1 diabetes
mellitus (TIDM) or type 2 diabetes mellitus (T2DM) with HRQOL measured as the main or secondary outcome.
Participants were included regardless of their treatment type or presence of co-morbid conditions. For TIDM, co-
morbid conditions included autoimmune thyroid conditions, as well as celiac disease. For T2DM, co-morbidities
included associated nephropathy, retinopathy, and neuropathy. We excluded studies that reported children with other
types of diabetes, patients who were pregnant, and patients who were treated with steroids or immunosuppressants.
We included studies reporting eHealth and mHealth interventions to deliver diabetes education and care. The eHealth
platforms include Internet, virtual reality, or digital gaming applications that allow users to monitor, manage, or learn about their
health through video, text, or interactive learning media.”’ ' The mHealth platforms include portable or wireless applications
such as text messaging, mobile-compatible applications (apps), wearable devices, and social media platforms.?*=**? Diabetes
education and care refers to personalized patient education and care that involves assessing, monitoring, and promoting adequate
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glycemic control, with a focus on limiting comorbidities and promoting healthy living with diabetes.®>* We included virtual care
interventions that either replaced or were an add-on to usual, in-person care. Eligible studies involved comparator groups that had
in-person clinic visits with the diabetes teams.

Outcomes

The main outcome of this review was HRQOL. We included results from all the instruments that assessed the HRQOL
regardless of the questionnaire used. Other important outcomes that were included involved the association of virtual care
interventions with glycemic control as measured by glycosylated hemoglobin Alc (HbAlc). Additionally, we assessed
the number and severity of diabetes-related morbidities, including hypoglycemia and diabetic ketoacidosis (DKA), body
mass index (BMI)-based measures, and patient satisfaction.

Data Abstraction

Reviewers (RR, RD, MK, SY) independently screened titles, abstracts, and full-text articles for inclusion eligibility in
duplicate. Data from included full-text articles were extracted into a standardized data abstraction form. The reviewers
resolved any conflicts through discussion, and if necessary, an additional reviewer (MCS) was available to resolve
persisting discrepancies. The abstracted data included first author name, year of publication, country, study design, the
population (sample size, age, sex), intervention and control treatment descriptions and durations, analysis methods, and
results for relevant outcomes.

Study and Evidence Appraisal
Reviewers independently performed the risk of bias assessment for each outcome of interest in duplicate. Any conflicts
were discussed, and an expert reviewer (MCS) resolved disagreements. Randomized controlled trials were assessed for
risk of bias using version 2 of the Cochrane risk of bias (RoB 2.0) tool.>* Non-randomized studies were assessed for risk
of bias using the Risk of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool.>>-*¢

The Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) approach was used to

assess the overall confidence in the evidence, and was grouped by study design and outcome.’’

Statistical Analysis
A meta-analysis was planned if a minimum of two studies with similar design, population, intervention, methods,
analysis, and outcomes were defined. Clinical and methodological heterogeneity were assessed during data abstraction by
assessing the included study designs, populations, interventions/comparators and HRQOL tools, as well as during study
appraisal using the RoB 2.0 and ROBINS-I tools.** ¢ Statistical heterogeneity was assessed using the 2 test p-value
with a cut-off value of 0.1 and the I statistic with a cut-off value of >75% defined as considerable heterogeneity.*®
The studies were grouped according to the types of interventions, including virtual care being an add-on or replacing
in-person clinic visits.

Results
Due to high heterogeneity of the interventions and the multiple HRQOL tools used, a meta-analysis was not possible.
A narrative synthesis of the results was performed.

The study flowchart is reported in Figure 1. The search strategy identified 4,082 records from database searches, and
15 records from citation searches. There were 231 full-text articles assessed for eligibility, and 14 articles consisting of 13
independent studies involving 1,566 children with TIDM were included in this systematic review.”®>° No relevant
studies were found for children with T2DM.

Of the 13 studies, 12 were RCTs** **! and one was a cross-sectional study.”® One independent RCT had two
publications reporting on different outcomes; each article reported outcomes relevant to this review, thus both articles are

included (Supplementary Table 11).***

38.40-46.48 and high in five studies.’**”**>! The increased risk of bias

was related to reported randomization, missing data, and the self-reported nature of HRQOL measures. The quality of

The risk of bias was moderate in nine studies,
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Figure | Screening Flow Diagram (PRISMA 2020). Adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. Creative Commons.?

38,40-46,48

evidence was low in nine studies, and very low in five studies (Supplementary Table 9).°**7*°=! This low

confidence was predominantly due to the risk of bias and imprecision due to small sample sizes with high heterogeneity
(Figures S1 and S2).%

Types of Interventions
The majority of virtual interventions in diabetes care were add-on visits supplementing in-person clinic visits,** 44851
with only one study reporting the delivery of a virtual consultation model that replaced in-person clinic visits.*’

The studies reporting on the add-on virtual visits were further subdivided into two groups. The first group included
studies that incorporated virtual psychosocial interventions with behavioral, emotional, and social components of
diabetes care. These interventions aimed to support diabetes management via positive reinforcement techniques and
behavioral therapy.*”**** One study utilized a video game approach,®® while the other utilized eHealth, in providing
family-based behavioral therapy over Skype, a video-based telecommunication application.***?

The second group included studies that implemented combined psychosocial interventions and biomarker data to
support diabetes management and glycemic contro] >%:40:41:44-46:48-51

This group of studies still included behavioral, emotional, and social components of diabetes care similar to the first
group, with the addition of data on glycemic control to help guide care decisions.*®#041:44-464851 Ope study utilized
mHealth-based modalities including text messaging and mobile apps,*® while two RCTs utilized eHealth modality
implementing phone calls.*®*' The remainder of the studies included uploading the glucose data online or to a mobile

app and reviewing the data through virtual consultations with the diabetes care team.** #6491
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Health-Related Quality of Life

All studies reporting on the HRQOL were generated from at least one tool per study. The included tools varied among
studies and involved either self-reporting by participants, or information provided by a guardian, and some studies
included data from both (Supplementary Tables 10 and 11).

The principal HRQOL concepts in these tools included self-efficacy, self-esteem, psychological wellbeing, percep-
tions of how well diabetes is being managed, and family functioning.

Virtual visits were associated with similarly reported HRQOL to the ones used in the in-person visits.*” HRQOL was
measured over five scales for both participants and their guardians, encompassing the concepts of functional capacity in
everyday life, psychological well-being, physical state, and social relationships related to diabetes management.*’

The virtual psychosocial add-on interventions reported on concepts of self-efficacy, self-care, and social supports,’
perceptions of diabetes self-management,** conflict behaviors and levels of illness acceptance.*® There was no significant
deterioration in HRQOL scores for perceptions of diabetes self-management,** conflict behaviours,** and levels of illness
acceptance™ between groups. One study suggested a significant increase in self-efficacy, self-care, and social support
with supplemental virtual care.*”

Of the nine studies investigating virtual add-on therapies that targeted both biological and psychosocial aspects of
diabetes management, the majority demonstrated that HRQOL was stable when comparing the intervention and control
groups.*®#1:44746:3051 The domains of HRQOL specifically investigated in these studies included self-image, general

38,44,51

quality of life,*** family functioning, strengths and difficulties of diabetes management,*' general diabetes

44.46.51 44 . . . . . . .
4631 self-care,* and diabetes-specific emotional distress.’® Three studies using a mixed approach of

management,
psychosocial and biological supplemental virtual interventions demonstrated significant improvements in HRQOL with
eHealth and mHealth modalities.***** The domains of HRQOL included self-efficacy’®** and general diabetes

management.49

Other Outcomes

The 12 papers reporting on glycemic control included pre- and post-intervention HbAlc or the HbAlc change
scores,>8 2447474951 The majority of studies reported maintained HbAlc with virtual interventions.®® #%44:43:47.50
Three studies, all of which were mixed psychosocial and biological add-on therapies delivered via eHealth and

4651 and six months.***° Some studies

46,51

mHealth modalities, demonstrated a significant decrease in HbAlc after three
reported this finding specifically in participants with suboptimal HbAlc, defined as >8.0% at baseline.

All papers reported mean baseline HbAlc >7.0%, which is consistent with current literature on glycemic control
thresholds and challenges in managing diabetes in children and youth.’?

One RCT of a supplemental, mixed psychosocial and biological virtual intervention reported a non-significant change
in BMI SDS compared to in-person care.*’

Four RCTs reported maintained or decreased number of hypoglycemic events with supplemental virtual interventions
versus the control group.*®*****’ Definitions of hypoglycemia varied from 2.8-3.9 mmol/L.

The use of WeChat and flash-glucose monitoring significantly reduced hypoglycemic events compared to flash-glucose
monitoring alone.*’ The remaining studies reported no differences in hypoglycemic events between virtual intervention and
comparator groups.*****® One RCT reported no significant differences in diabetic ketoacidosis (DKA) rates.*"

Studies reported high satisfaction with supplemental virtual care technology from patients and families

39,40,44,46,

(Supplementary Table 11). 4731 Some studies created specific questionnaires to assess patient and family

satisfaction with the virtual intervention. Most participants were satisfied or very satisfied with the management Bant
app, and 96% would continue to use the app if it was made available.** The majority (85.7%) of users of Webdia app
positively rated their experience.*® Similarly, satisfaction with the diabetes-related videogame was high.*®

When interviewed about an automated text-messaging intervention, Sweer Talk,*® 81% of participants felt the
intervention supported their diabetes self-management, and 90% wanted to continue to receive text messages.*’ 97%
of participants were satisfied with 1-2 texts/day.*® Another study utilizing a modified version of the Diabetes Treatment

Satisfaction Questionnaire®® reported similar satisfaction rates in patients and caregivers for virtual and in-person clinic
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consultations.*” When interviewed about CloudConnect, an eHealth algorithm, adolescents and parents rated the system
highly for ease of use and usefulness in communicating about diabetes management.’'

Discussion

The COVID-19 pandemic led to the early substitution of conventional in-person care models with virtual care
approaches. Virtual care is now integrated into healthcare systems globally, and offers several advantages of clinical
care delivery alternatives for children and families.>*

While maintaining adequate glycemic control is a central goal of these care pathways, there remain unanswered
questions about the impacts of virtual care on outcomes in pediatric diabetes. Some advantages of this approach relate to
the potential for enhancing the equity and timeliness of access to high-quality care especially in remote communities.>>
Other considerations include improving the quality of care, optimizing the use of finite healthcare resources, reducing the
economic burden on families, reducing school disruption, and increasing patient and family satisfaction.'%3-

The impact of virtual care on HRQOL is a critical question to address, as it may support treatment adherence and the

prevention and management of comorbidities and complications.'®!*>7

Virtual interventions can maintain or even improve HRQOL,38*5 ! HbA10,3842’444‘7’49*5 !

k40,44,46,49

and lower hypoglycemia
ris in children living with TIDM. There was very limited evidence to suggest that virtual care may stabilize
body mass.*” Patient satisfaction with virtual interventions was high.??-#0:44:46:47:51

While the results were encouraging, significant heterogeneity and a varied set of tools used to assess the HRQOL are
limitations to consider when interpreting the results.

The main virtual care interventions identified involved supplemental in-person clinic visits using psychosocial

394243 or combined biological and psychosocial approaches via eHealth or mHealth modalities—the latter

approaches
being a particularly successful approach, 8404144464851 A yideo game in one study improved HRQOL when compared
to the control group.

These results are promising, as high levels of self-efficacy in diabetes management are associated with improved
glycemic control and engagement in self-management.”® ®° Self-efficacy can build patient confidence in performing
diabetes care-related tasks.”® While success in maintaining the HRQOL and glycemic control are not necessarily
simultaneous,”® sustained HRQOL may lead to positive effects on diabetes control and health-related outcomes,
including meeting glycemic targets and preventing adverse events.”®

The common characteristics of the promising supplemental virtual therapies involved the provision of diabetes
management information and resources, such as bolus calculators, meal fact sheets, health records, and glucose data
from sensors. In addition, text message reminders were reported to be helpful. Remote access to clinic feedback and
consultation from a diabetes provider were crucial supports.

The combined in-person and virtual interventions were particularly helpful for patients with suboptimal glycemic
control and who struggle with sustaining diabetes management routines.’

4
1.39, 8

In addition, the use of a social platform for peer support and video gaming were helpfu mHealth apps had

a positive impact on diabetes management in patients with TIDM, as they are easy to access and use, versatile, and

46.61-63 Health apps also permitted a direct interaction between patients and health care providers that can

46,64

inexpensive.

lead to more impact on glycemic control than those designed solely for patient use.
Integration of virtual care within the current diabetes care service models is resource intensive and, to make it

successful, there is a need for appropriate resource allocation and training for patients and providers to maximize success.

If done well, this approach to care is important in ensuring the success of these care modalities.'*"?

While virtual interventions can be freely available, internet accessibility as well as device and access plan availability

and affordability continue to be challenges.'>'*%°

Most studies excluded participants with no access to technology that would allow them to use virtual care.>***4*
Equitable structures to access these care modalities is needed globally.°® The case for global access of children living
with diabetes to remote care needs to be evaluated through international collaborations to make technology use accessible

to allow diabetes care delivery.
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Strengths and Limitations
The strengths of this review include the well-designed protocol.

Most studies were of short duration, ranging from 2—12 months. Given the chronic nature of diabetes and changing
developmental stages of children, long-term studies are required to determine whether virtual interventions can have
a lasting impact on HRQOL and diabetes management.

Most studies had small sample sizes, and there were concerns for risk of bias and overall quality of evidence. Also,
the high heterogeneity in the reported HRQOL tools precluded pooling the data to conduct a meta-analysis.

There were no studies reporting on virtual interventions in the pediatric T2DM, and further research is needed to
address these gaps.

Conclusion
This review demonstrated that virtual diabetes care interventions, which supplement or replace in-person care, maintain
HRQOL in children with TIDM. These virtual interventions can also maintain glycemic control and lower hypoglycemia
risk. Most patients and families reported satisfaction with virtual care.

Insufficient evidence existed regarding the impact of virtual care on DKA frequency or BMI-based measures. No data
were available to assess the association of HRQOL and virtual interventions in patients with T2DM.

Further research is required to determine the long-term impacts of virtual care on HRQOL and glycemic outcomes in
both TIDM and T2DM. Using standardized HRQOL tools and patient-reported outcome measures can aid in the further
validation of these interventions in pediatric diabetes care.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References

. Elbarbary NS, Dos Santos TJ, de Beaufort C, Agwu JC, Calliari LE, Scaramuzza AE. COVID-19 outbreak and pediatric diabetes: perceptions of
health care professionals worldwide. Pediat Diab. 2020;21(7):1083-1092. doi:10.1111/pedi.13084

2. Duarte V, Mota B, Ferreira S, Costa C, Correia CC. Impact of COVID-19 lockdown on glycemic control in type 1 diabetes. Arch Pediatr. 2022;29
(1):27-29. doi:10.1016/j.arcped.2021.11.008

. Galhardo J, Dinis I, Limbert C. Glycaemic control in T1D children and adolescents during Portuguese COVID-19 first lockdown: a family’s survey
report. Pediatric Diab. 2021;23:38. doi:10.1111/pedi.13298

4. Tinti D, Savastio S, Grosso C, et al. Impact of lockdown during COVID-19 emergency on glucose metrics of children and adolescents with type 1

diabetes in Piedmont, Italy. Acta Diabetologica. 2021;58(7):959-961. doi:10.1007/s00592-021-01702-0

—

w2

5. American Diabetes Association. 2 Classification and diagnosis of diabetes: standards of MEDICAL CARE IN DIAbetes—2020. Diab Care.
2020;43(Supplement 1):S14-31. doi:10.2337/dc20-S002
6. Houlden RL, Diabetes Canada Clinical Practice Guidelines Expert Committee. Diabetes Canada. 2018 clinical practice guidelines for the

prevention and management of diabetes in Canada. Can J Diabetes. 2018;42(Suppl 1):S1-S325. do0i:10.1016/j.jcjd.2017.10.001
7. Hattersley AT, Greeley SA, Polak M, et al. ISPAD clinical practice consensus guidelines 2018: the diagnosis and management of monogenic
diabetes in children and adolescents. Pediat Diab. 2018;19:47—-63. doi:10.1111/pedi.12772
. Braune K, Boss K, Schmidt-Herzel J, et al. Shaping workflows in digital and remote diabetes care during the covid-19 pandemic via service design:
prospective, longitudinal, open-label feasibility trial. JMIR mHealth and uHealth. 2021;9(4):e24374. doi:10.2196/24374
9. Déger E, Bozbulut R, Acar ASS, et al. Effect of telehealth system on glycemic control in children and adolescents with type 1 diabetes. J Clin Res
Pediatric Endocrinol. 2019;11(1):70. doi:10.4274/jcrpe.galenos.2018.2018.0017
10. De Guzman KR, Snoswell CL, Taylor ML, et al. A systematic review of pediatric telediabetes service models. Diabetes Technol Ther. 2020;22
(8):623-638. doi:10.1089/dia.2019.0489
11. Zhao X, Huang H, Zheng S. Effectiveness of internet and phone-based interventions on diabetes management of children and adolescents with type
1 diabetes: a systematic review. Worldviews Evidence-Based Nurs. 2021;18(3):217-225. doi:10.1111/wvn.12511
12. Cobry EC, Reznick-Lipina T, Pyle L, et al. Diabetes technology use in remote pediatric patients with type 1 diabetes using clinic-to-clinic
telemedicine. Diabe Technol Ther. 2022;24(1):67-74. doi:10.1089/dia.2021.0229

o]

Adolescent Health, Medicine and Therapeutics 2024:15 htps: 115


https://doi.org/10.1111/pedi.13084
https://doi.org/10.1016/j.arcped.2021.11.008
https://doi.org/10.1111/pedi.13298
https://doi.org/10.1007/s00592-021-01702-0
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1016/j.jcjd.2017.10.001
https://doi.org/10.1111/pedi.12772
https://doi.org/10.2196/24374
https://doi.org/10.4274/jcrpe.galenos.2018.2018.0017
https://doi.org/10.1089/dia.2019.0489
https://doi.org/10.1111/wvn.12511
https://doi.org/10.1089/dia.2021.0229

Rajan et al

13.

20.

21.

22.

23.

24.

25.

26.

217.

28.
29.

30.

31.

32.

33.

34.

35

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Wood CL, Clements SA, McFann K, Slover R, Thomas JF, Wadwa RP. Use of telemedicine to improve adherence to American diabetes association
standards in pediatric type 1 diabetes. Diabe Technol Ther. 2016;18(1):7—-14. doi:10.1089/dia.2015.0123

. Garg SK, Weinzimer SA, Tamborlane WV, et al. Glucose outcomes with the in-home use of a hybrid closed-loop insulin delivery system in

adolescents and adults with type 1 diabetes. Diabe Technol Ther. 2017;19(3):155-163. doi:10.1089/dia.2016.0421

. Lang EG, King BR, Miller MN, Dunn SV, Price DA, Foskett DC. Initiation of insulin pump therapy in children at diagnosis of type 1 diabetes

resulted in improved long-term glycemic control. Pediatric Diab. 2017;18(1):26-32. doi:10.1111/pedi.12357

. Klonoff DC, Ahn D, Drincic A. Continuous glucose monitoring: a review of the technology and clinical use. Diab Res Clin Pract.

2017;133:178-192. doi:10.1016/j.diabres.2017.08.005

. Hirose M, Beverly EA, Weinger K. Quality of life and technology: impact on children and families with diabetes. Current Diab Rep. 2012;12

(6):711-720. doi:10.1007/s11892-012-0313-4

. Opipari-Arrigan L, Fredericks EM, Burkhart N, Dale L, Hodge M, Foster C. Continuous subcutaneous insulin infusion benefits quality of life in

preschool-age children with type 1 diabetes mellitus. Pediat Diab. 2007;8(6):377-383. doi:10.1111/j.1399-5448.2007.00283.x

. Hommel E, Olsen B, Battelino T, et al. Impact of continuous glucose monitoring on quality of life, treatment satisfaction, and use of medical care

resources: analyses from the SWITCH study. Acta diabetologica. 2014;51(5):845-851. doi:10.1007/s00592-014-0598-7

Quinten C, Coens C, Mauer M, et al. Baseline quality of life as a prognostic indicator of survival: a meta-analysis of individual patient data from
EORTC clinical trials. Lancet Oncol. 2009;10(9):865-871. doi:10.1016/S1470-2045(09)70200-1

Sitlinger A, Zafar SY. Health-related quality of life: the impact on morbidity and mortality. Surg Oncol Clin. 2018;27(4):675-684. doi:10.1016/].
50¢.2018.05.008

Dorn SD. Backslide or forward progress? Virtual care at US healthcare systems beyond the COVID-19 pandemic. Npj Digital Med. 2021;4(1):1-3.
doi:10.1038/s41746-020-00379-z

Quinn LM, Davies MJ, Hadjiconstantinou M. Virtual consultations and the role of technology during the COVID-19 pandemic for people with type
2 diabetes: the UK perspective. J Med Intern Res. 2020;22(8):¢21609. doi:10.2196/21609

Aschalew AY, Yitayal M, Minyihun A. Health-related quality of life and associated factors among patients with diabetes mellitus at the University
of Gondar referral hospital. Health Qual Life Outcomes. 2020;18(1):1-8. doi:10.1186/s12955-020-01311-5

Jonsson L, Lundqvist P, Parents HRQOL HI. Their satisfaction with care, and children over the age of eight’s experiences of family support two
years subsequent to the child’s diagnosis with type 1 diabetes. Comprehensive Child Adolescent Nurs. 2016;39(4):287-300. doi:10.1080/
24694193.2016.1241837

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:
n71. doi:10.1136/bmj.n71

Rajan R, Kshatriya M, Banfield L, Athale U, Thabane L, Samaan MC. Impact of virtual care on health-related quality of life in children with
diabetes mellitus: a systematic review protocol. BMJ open. 2022;12(2):¢053642. doi:10.1136/bmjopen-2021-053642

Veritas Health Innovation. Covidence Systematic Review Software. Australia: Veritas Health Innovation Melbourne; 2016.

Dougherty JP, Lipman TH, Hyams S, Montgomery KA. Telemedicine for adolescents with type 1 diabetes. Article. Western J Nurs Res. 2014;36
(9):1199-1221. doi:10.1177/0193945914528387

McSwain SD, Bernard J, Burke BL Jr, et al. American Telemedicine Association operating procedures for pediatric telehealth. Telemed E-Health.
2017;23(9):699-706. doi:10.1089/tmj.2017.0176

Lau N, Waldbaum S, Parigoris R, et al. eHealth and mHealth psychosocial interventions for youths with chronic illnesses: systematic review. JMIR
Pediatrics Parenting. 2020;3(2):¢22329. doi:10.2196/22329

Cameron JD, Ramaprasad A, Syn T. An ontology of and roadmap for mHealth research. Int J Med Inform. 2017;100:16-25. doi:10.1016/].
ijmedinf.2017.01.007

American Diabetes Association. 13 Children and adolescents: standards of medical care in diabetes— 2020. Diabetes Care. 2020;43(Supplement 1):
S163-82. doi:10.2337/dc20-S013

Sterne JA, Savovi¢ J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:1.

. Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016;355:1.
36.

Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of Interventions version 6.1 (updated September 2020).
Cochrane, 2020. Available from: www.training.cochrane.org/handbook. Accessed January 24, 2025.

Schiinemann H, Brozek J, Guyatt G, Oxman A, editors.. GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations.
The GRADE Working Group; 2013.

Marrero DG, Vandagriff JL, Kronz K, et al. Using telecommunication technology to manage children with diabetes: the computer-linked outpatient
clinic (CLOC) study. Diab Educ. 1995;21(4):313-319. doi:10.1177/014572179502100409

Brown SJ, Lieberman DA, Gemeny BA, Fan YC, Wilson DM, Pasta DJ. Educational video game for juvenile diabetes: results of a controlled trial.
Article. Med Inform. 1997;22(1):77-89. doi:10.3109/14639239709089835

Franklin VL, Waller A, Pagliari C, Greene SA. A randomized controlled trial of sweet talk, a text-messaging system to support young people with
diabetes. Diabetic Med. 2006;23(12):1332—-1338. doi:10.1111/j.1464-5491.2006.01989.x

Nunn E, King B, Smart C, Anderson D. A randomized controlled trial of telephone calls to young patients with poorly controlled type 1 diabetes.
Pediat Diab. 2006;7(5):254-259. doi:10.1111/j.1399-5448.2006.00200.x

Harris MA, Freeman KA, Duke DC. Seeing is believing: using Skype to improve diabetes outcomes in youth. Diabetes Care. 2015;38
(8):1427-1434. doi:10.2337/dc14-2469

Duke DC, Wagner DV, Ulrich J, Freeman KA, Harris MA. Videoconferencing for teens with diabetes: family matters. J Diab Sci Technol. 2016;10
(4):816-823. doi:10.1177/1932296816642577

Goyal S, Nunn CA, Rotondi M, et al. A mobile app for the self-management of type 1 diabetes among adolescents: a randomized controlled trial.
JMIR mHealth and uHealth. 2017;5(6):¢82. doi:10.2196/mhealth.7336

Gandrud L, Altan A, Buzinec P, et al. Intensive remote monitoring versus conventional care in type 1 diabetes: a randomized controlled trial. Pediat
Diab. 2018;19(6):1086-1093. doi:10.1111/pedi.12654

Klee P, Bussien C, Castellsague M, et al. An intervention by a patient-designed do-it-yourself mobile device app reduces HbAlc in children and
adolescents with type 1 diabetes: a randomized double-crossover study. Diabe Technol Ther. 2018;20(12):797-805. doi:10.1089/dia.2018.0255

116 https: Adolescent Health, Medicine and Therapeutics 2024:15


https://doi.org/10.1089/dia.2015.0123
https://doi.org/10.1089/dia.2016.0421
https://doi.org/10.1111/pedi.12357
https://doi.org/10.1016/j.diabres.2017.08.005
https://doi.org/10.1007/s11892-012-0313-4
https://doi.org/10.1111/j.1399-5448.2007.00283.x
https://doi.org/10.1007/s00592-014-0598-7
https://doi.org/10.1016/S1470-2045(09)70200-1
https://doi.org/10.1016/j.soc.2018.05.008
https://doi.org/10.1016/j.soc.2018.05.008
https://doi.org/10.1038/s41746-020-00379-z
https://doi.org/10.2196/21609
https://doi.org/10.1186/s12955-020-01311-5
https://doi.org/10.1080/24694193.2016.1241837
https://doi.org/10.1080/24694193.2016.1241837
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmjopen-2021-053642
https://doi.org/10.1177/0193945914528387
https://doi.org/10.1089/tmj.2017.0176
https://doi.org/10.2196/22329
https://doi.org/10.1016/j.ijmedinf.2017.01.007
https://doi.org/10.1016/j.ijmedinf.2017.01.007
https://doi.org/10.2337/dc20-S013
http://www.training.cochrane.org/handbook
https://doi.org/10.1177/014572179502100409
https://doi.org/10.3109/14639239709089835
https://doi.org/10.1111/j.1464-5491.2006.01989.x
https://doi.org/10.1111/j.1399-5448.2006.00200.x
https://doi.org/10.2337/dc14-2469
https://doi.org/10.1177/1932296816642577
https://doi.org/10.2196/mhealth.7336
https://doi.org/10.1111/pedi.12654
https://doi.org/10.1089/dia.2018.0255

Rajan et al

47.

48.

49.

50.

S1.

52.

53.
54.

55.
56.

57.
58.

59.

60.

61.

62.

63.
64.

65.

66.

von Sengbusch S, Eisemann N, Mueller-Godeffroy E, et al. Outcomes of monthly video consultations as an add-on to regular care for children with
type 1 diabetes: a 6-month quasi-randomized clinical trial followed by an extension phase. Pediat Diab. 2020;21(8):1502—-1515. doi:10.1111/
pedi.13133

Biglar Chopoghlo S, Hosseinkhani A, Khedmat L, Zaki-Nejad M, Puryaghoob M. The self-efficacy improvement in adolescent girls with type 1
diabetes mellitus with self-care education through mobile-based social networking. Int J Diabetes Dev Countries. 2021;41(4):676—682.
doi:10.1007/s13410-021-00929-5

XuY, Xu L, Zhao W, et al. Effectiveness of a WeChat combined continuous flash glucose monitoring system on glycemic control in juvenile type 1
diabetes mellitus management: randomized controlled trial. Diab Metab Syndrome Obes. 2021;14:1085. doi:10.2147/DMS0.S299070

Trawley S, Browne JL, Hagger VL, et al. The use of mobile applications among adolescents with type 1 diabetes: results from diabetes MILES
Youth—Australia. Diabe Technol Ther. 2016;18(12):813-819. doi:10.1089/dia.2016.0233

DeBoer MD, Valdez R, Corbett JP, et al. Effect of an automated advice algorithm (CloudConnect) on adolescent-parent diabetes-specific
communication and glycemic management: a randomized trial. Diab ther. 2023;14:1-15.

McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R package and Shiny web app for visualizing risk-of-bias assessments. Res
Syn Meth. 2020;1-7. doi:10.1002/jrsm.1411

Bradley C. The diabetes treatment satisfaction questionnaire: DTSQ. Handbook Psychol Diab. 1994;111:132.

Blonde L, Umpierrez GE, Reddy SS, et al. American Association of clinical endocrinology clinical practice guideline: developing a diabetes
mellitus comprehensive care plan—2022 update. Endocr Pract. 2022;28(10):923-1049. doi:10.1016/j.eprac.2022.08.002

Gajarawala SN, Pelkowski JN. Telehealth benefits and barriers. J Nurse Practit. 2021;17(2):218-221. doi:10.1016/j.nurpra.2020.09.013

Eze ND, Mateus C, Cravo Oliveira Hashiguchi T. Telemedicine in the OECD: an umbrella review of clinical and cost-effectiveness, patient
experience and implementation. PLoS One. 2020;15(8):¢0237585. doi:10.1371/journal.pone.0237585

Lu AD, Gunzburger E, Glorioso TJ, et al. Impact of longitudinal virtual primary care on diabetes quality of care. J Gen Intern Med. 2021;2021:1-8.
Robertson S, Amspoker A, Cully J, Ross E, Naik A. Affective symptoms and change in diabetes self-efficacy and glycaemic control. Diabetic Med.
2013;30(5):e189—¢196. doi:10.1111/dme.12146

Mahmoodi A, Alavi M, Mosavi N. The relationship between self-care behaviors and HbA lc¢ in diabetic patients. Avicenna J Nurs Midwifery Care.
2012;20(3):20-30.

Ingerski LM, Laffel L, Drotar D, Repaske D, Hood KK. Correlates of glycemic control and quality of life outcomes in adolescents with type 1
diabetes. Pediat Diab. 2010;11(8):563-571. doi:10.1111/j.1399-5448.2010.00645.x

Garabedian LF, Ross-Degnan D, Wharam JF. Mobile phone and smartphone technologies for diabetes care and self-management. Current Diab
Rep. 2015;15(12):1-9. doi:10.1007/s11892-015-0680-8

Bellei EA, Biduski D, Cechetti NP, De Marchi ACB. Diabetes mellitus m-health applications: a systematic review of features and fundamentals.
Telemed E-Health. 2018;24(11):839-852. doi:10.1089/tmj.2017.0230

Lenhart A. Teens, social media & technology overview 2015. 2015.

Kitsiou S, Paré¢ G, Jaana M, Gerber B. Effectiveness of mHealth interventions for patients with diabetes: an overview of systematic reviews. PLoS
One. 2017;12(3):e0173160. doi:10.1371/journal.pone.0173160

Sutherland MW, Ma X, Reboussin BA, et al. Socioeconomic position is associated with glycemic control in youth and young adults with type 1
diabetes. Pediat Diab. 2020;21(8):1412-1420. doi:10.1111/pedi.13112

Crossen SS, Bruggeman BS, Haller MJ, Raymond JK. Challenges and opportunities in using telehealth for diabetes care. Diabetes Spectr. 2022;35
(1):33-42. doi:10.2337/dsi21-0018

Adolescent Health, Medicine and Therapeutics Dovepress
Taylor & Francis Group

Publish your work in this journal

Adolescent Health, Medicine and Therapeutics is an international, peer-reviewed, open access journal focusing on health, pathology, and
treatment issues specific to the adolescent age group. All aspects of health maintenance, preventative measures and disease treatment
interventions are addressed within the journal and practitioners from all disciplines are invited to submit their work as well as healthcare
researchers and patient support groups. The manuscript management system is completely online and includes a very quick and fair peer-review
system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/adolescent-health-medicine-and-therapeutics-journal

Adolescent Health, Medicine and Therapeutics 2024:15 EXin>O 117


https://doi.org/10.1111/pedi.13133
https://doi.org/10.1111/pedi.13133
https://doi.org/10.1007/s13410-021-00929-5
https://doi.org/10.2147/DMSO.S299070
https://doi.org/10.1089/dia.2016.0233
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1016/j.eprac.2022.08.002
https://doi.org/10.1016/j.nurpra.2020.09.013
https://doi.org/10.1371/journal.pone.0237585
https://doi.org/10.1111/dme.12146
https://doi.org/10.1111/j.1399-5448.2010.00645.x
https://doi.org/10.1007/s11892-015-0680-8
https://doi.org/10.1089/tmj.2017.0230
https://doi.org/10.1371/journal.pone.0173160
https://doi.org/10.1111/pedi.13112
https://doi.org/10.2337/dsi21-0018
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Search Strategy
	Data Management
	Eligibility Criteria
	Outcomes
	Data Abstraction
	Study and Evidence Appraisal
	Statistical Analysis

	Results
	Types of Interventions
	Health-Related Quality of Life
	Other Outcomes

	Discussion
	Strengths and Limitations

	Conclusion
	Author Contributions
	Disclosure

