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A B S T R A C T   

Aims: To explore the impact of primarily telemedical care for children and adolescents with type 1 diabetes by 
monthly video consultations on metabolic control and parents’ treatment satisfaction and disease-specific burden 
during the COVID-19 pandemic. 
Methods: In this 12-month multicenter observational follow-up VIDIKI 2.0 study, 100 participants (3–18 years) 
received monthly video consultations, which partially replaced quarterly outpatient clinic appointments during 
the pandemic. The children’s metabolic parameters as well as the parents’ treatment satisfaction and diabetes 
specific burden were assessed at study entry and 12 months later. 
Results: During the study, 912 video consultations took place (mean 0.84 ± 0.23 / patient/month). The children’s 
HbA1c remained stable, while mean sensor glucose level and glucose management indicator decreased. Simul-
taneously, parents’ treatment satisfaction significantly increased, and their diabetes-specific burden and distress 
decreased. 
Conclusions: Primarily telemedical care of children and adolescents with type 1 diabetes during the COVID-19 
pandemic via monthly video consultations resulted in a significant improvement in parents’ treatment satis-
faction and their diabetes-specific burden and distress. It was associated with a slight improvement in mean 
sensor glucose and glucose management indicator, while HbA1c remained stable. Thus, video consultations offer 
great potential to enhance standard care for children and adolescents with diabetes.   

1. Introduction 

Management of diabetes mellitus therapy has always been a 
tremendous challenge for affected children and adolescents and their 
parents, requiring close and frequent contact with the diabetes team, 
especially following disease onset. Quarterly in-person appointments at 
a specialized diabetes outpatient clinic are the standard for pediatric 
long-term care in the German health care system. Few efforts were made 

before the COVID-19 pandemic to use all telemedicine options, and 
video consultation in particular, to provide more frequent, or any, 
counseling to children, teenagers, or young adults with type 1 diabetes 
mellitus [1–5]. However, the pandemic has given a particular push to 
telemedicine and video consultation as a perceived personal, flexible, 
and cost-saving consultation alternative [6–10]. 

In Germany, video consultation was a niche and was only offered for 
medical care a few years ago. The study “Virtual Outpatient Diabetes 
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Clinic for Children and Youth” (VIDIKI 1.0) from April 2017 to April 
2020 enrolled 240 children aged 1–16 years with type 1 diabetes mel-
litus using an insulin pump therapy or multiple daily injection therapy 
(MDI) in combination with a continuous glucose monitoring system 
(CGM) and for the first time evaluated the feasibility, acceptance, effects 
and costs of monthly video consultations for children with type 1 dia-
betes mellitus as an addition to regular outpatient appointments [11]. 
The study revealed several technological barriers and challenges during 
the first months. After overcoming the technical issues, the metabolic 
control of the children and adolescents finally improved with the 
additional monthly video consultations after 12 and 15 months [4]. 
Despite the initial technical problems, the video consultation generated 
a high level of satisfaction among parents and adolescents by reducing 
the travel time to the diabetes outpatient clinic, decreasing the general 
burden on parents, and enabling more frequent and flexible consulta-
tions [4,12]. Therapy costs for total diabetes care, including insulin, 
outpatient and inpatient care, and diabetes supplies, were marginally 
lower in the telemedicine group, not including the cost of video care 
[13]. 

To investigate the long-term effect of video consultation as an add-on 
service to regular care, the present study VIDIKI 2.0 was initially plan-
ned as a one-year extension study with quarterly in-person visits [14]. 
The start of the study unexpectedly coincided with the first lockdown 
during the COVID-19 pandemic in Germany, when visits to the outpa-
tient clinic had to be frequently replaced by telemedical consultations. 
Therefore, the research question of the present study was extended to 
how primarily telemedical care by monthly video consultations of 
children and adolescents with type 1 diabetes mellitus affects metabolic 
control, treatment satisfaction of the family, and the emotional burden 
and diabetes-related distress of the parents. 

2. Subjects, materials and methods 

2.1. Study design, participant recruitment and procedures 

The VIDIKI 2.0 study was designed as a multicenter observational 
trial conducted at four former VIDIKI 1.0 study clinics starting in April 
2020 for one year. Study participants had type 1 diabetes mellitus, used 
a CGM system with MDI or insulin pump therapy, and were regularly 
treated in the study diabetes clinics. The majority of patients had 
participated in VIDIKI 1.0 before. The recruitment phase was limited to 
October 2020 to ensure at least 6 months of continuous video consul-
tations. Detailed characteristics of the study group are presented in 
Table 1. 

The VIDIKI 2.0 study was accepted as an extension to the existing 
approval for the first VIDIKI study by the Ethics Committee of the Uni-
versity of Lübeck (No. 17-172) and was in compliance with the Decla-
ration of Helsinki. Written informed consent was obtained from parents 
and children over the age of 12, while younger children gave their oral 
assent. The existing data protection concept of the VIDIKI 1.0 study was 
implemented unchanged in VIDIKI 2.0. 

The study started during the first lockdown in the COVID-19 
pandemic in Germany. Therefore, the enrollment of the participants 
and data collection were conducted solely by telephone or video contact. 

The original plan was to treat the VIDIKI 2.0 study group in the same 
way as in the VIDIKI 1.0 study for another year; the children had one 
appointment per quarter in the diabetes outpatient clinic and addi-
tionally received structured monthly video consultations as an add-on to 
regular care. However, due to pandemic conditions, some families 
postponed or cancelled their in-person appointments at the diabetes 
outpatient clinic and preferred care via video consultations. Thus, the 
study continued with regular monthly video consultations and occa-
sional appointments in the diabetes outpatient clinics. The families 
uploaded the CGM and insulin pump data to a cloud-based software of 
their choice 1–2 days before the appointment. Subsequently, the study 
team downloaded the data from the cloud server, evaluated the data, 

provided comments, and sent the feedback to the families in a PDF file 
via an encrypted email. The video consultation then took place by means 
of a certified medical video portal. All demographic and medical infor-
mation was obtained using questionnaires and medical records. 

2.2. Outcomes and measures 

2.2.1. Clinical measures 
HbA1c determination could not be performed at study enrollment 

due to the pandemic conditions. Therefore, the last HbA1c in the pre-
vious quarter (Q1, 2020) was used as a baseline value and compared 
with the HbA1c following the end of the study (Q2, 2021). HbA1c values 
were assessed locally in the outpatient clinics with a point-of-care (POC) 
analyzer (DCA Vantage® Siemens and Abbott Afinion TM). To adjust for 
different means of the POC analyzers, the multiple of the mean method 
(MoM) was applied to mathematically standardized HbA1c values to the 
Diabetes and Complications Trial (DCCT) reference range of 
20.7–42.6 mmol/mol (4.05–6.05 %) [15]. Secondary metabolic out-
comes included CGM sensor values such as time-in-range (TiR, 
70–180 mg/dl / 3.9–10.0 mmol/l), sensor mean glucose, and glucose 
management indicator (GMI) [16]. In addition, the frequency of any 
necessary inpatient treatment was analyzed with regard to the reason for 
the visit and the number of days spent in hospital. Severe adverse events 
(SAE) were defined as those resulting in death or significant disability, 
life-threatening, and/or requiring hospitalization. Severe hypoglycemia 
was defined as an event requiring glucagon, glucose intravenous treat-
ment, or hospitalization. 

2.2.2. Psychosocial measures 
Psychosocial outcomes were assessed using two validated patient- 

reported outcome measures (PROMs): 
1) Primary caregivers completed the Diabetes Treatment Satisfaction 

Questionnaire (DTSQs-Parent). This questionnaire is based on the 
widely used eight-item DTSQ for adults [17,18], which was developed 
and expanded based on in-depth interviews with parents and teenagers 
to improve relevance, accessibility, and comprehensibility for teenagers 
and family members [19]. The DTSQs-Parent is a 14-item measure that 
enables parents to self-report their satisfaction with the current treat-
ment of their children. Treatment satisfaction is the combined score of 

Table 1 
Demographic and clinical characteristics of the participants at baseline.  

N ¼ 100 
Demographic characteristics 
Gender Female, N (%) 39 (39 %) 
Age, Mean (SD) years 11.0 ± 4.1 
Children not yet of school age, N (%) 19 (19 %) 
Country of birth Germany, mother, N (%) 98 (98 %) 
Country of birth Germany, father, N (%) 97 (97 %) 
Country of birth Germany, child, N (%) 99 (99 %) 
Child lives with  
Both parents, N (%) 68 (68 %) 
Mother and new partner, N (%) 7 (7 %) 
Father and new partner, N (%) 3 (3 %) 
Single Mother, N (%) 17 (17 %) 
Single Father, N (%) 2 (2 %) 
Foster parents, N (%) 1 (1 %) 
Missing, unknown, N (%) 2 (2 %) 
Full-time employment father, N (%) 93 (93%) 
Full-time employment mother, N (%) 21 (21%) 
Clinical characteristics 
Duration of type 1 diabetes mellitus, Mean (SD) years 5.6 ± 3.3 
Other chronic condition*: yes 36 (36 %) 
Type of insulin therapy  
Insulin pump + CGM 94 (94 %) 
Multiple daily injection (MDI) + CGM 6 (6 %) 

Table note: *Celiac disease, multiple sclerosis, thyroid disease, vitiligo, alopecia, 
depression, eating disorder, asthma, attention deficit hyperactivity disorder, 
dyslexia, or anxiety disorder. 
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the 10 items (items 1, 5–9, and 11–14) evaluating satisfaction, ease, 
flexibility, school day, medical support, and continued treatment. The 
remaining questions relate to perceived frequencies of hyperglycemia or 
hypoglycemia (items 2–4) and the effects of the current treatment on the 
parents’ lives (item 10). All items are rated from 0 (very unsatisfied) to 6 
(very satisfied), and the range of the total score is 0 to 84, with higher 
scores indicating better satisfaction with diabetes treatment and care. 

2) The Problem Areas in Diabetes Questionnaire for parents of chil-
dren or teens with diabetes mellitus (P-PAID-C and P-PAID-T) captures 
parental diabetes-specific burden and emotional distress in everyday 
life. The questionnaire for parents of children under 12 years (P-PAID-C 
(16 Items)) and the questionnaire for parents of teenagers (P-PAID-T (15 
Items)) were used (German language translation) [20,21]. Each item is 
scored on a six-point Likert scale (1 = Not a problem to 6 = Big/Serious 
problem). Higher values indicate greater diabetes-specific distress and 
emotional burden in everyday life. The distress cutoff score on the P- 
PAID-T was determined to be 54 [21], for P-PAID-C no cutoff was sug-
gested [20]. Good psychometric properties are reported for these 
assessment instruments [20–22]. Internal consistency of both P-PAID 
versions was high, and reliability was strong for four factors, e.g., 
negative emotions, chronic demands, child regimen-specific distress and 
personal regimen-specific distress. 

The families received the questionnaires in paper form by mail at the 
start and at the end of the study. 

2.3. Data and statistical analyses 

Descriptive statistics are presented as means (M) and standard de-
viations (SD), or absolute numbers and percentages. Paired samples t- 
tests or non-parametric tests (Wilcoxon signed-rank test) were used to 
analyze differences longitudinally. Differences between subgroups were 
analyzed with t-tests or non-parametric tests (Mann-Whitney-U test). To 
test whether the variables distribution departs significantly from 
normality, the Shapiro-Wilk-test was performed. Three separate multi-
ple linear regression analyses were used to estimate the influence of age, 
diabetes duration, sex (female/male), comorbidity (yes, no), and child 
living arrangements (with both parents/other), on HbA1c and GMI as 
well as on diabetes treatment satisfaction. Independent variables were 
entered simultaneously to the model using an enter method. Spearman- 
Rho was used to examine the associations between non-normally 
distributed parameters and the quality of metabolic control. Missing 
variables were handled by using the pairwise deletion method for ana-
lyses, when possible, to maximize all data available. The statistical 
significance was set at p < 0.05 (two-tailed) for all analyses. Data ana-
lyses were conducted using the statistical software package IBM SPSS 
Version 27.0 (SPSS Inc., Chicago, Illinois). 

3. Results 

In the four study centers, 100 eligible families decided to participate 
in the present study. None of the invited and eligible families refused to 
participate in the study. One family dropped out right after enrollment. 
Thus, 99 of 100 families completed the study. Depending on the date of 
enrollment, the median duration of study participation of the families 
was 10.8 ± 1.6 months (7–12 months). During the study, 912 video 
consultations were conducted, of which 848 (93%) were regular ap-
pointments, 64 (7%) were extra appointments due to more frequent 
contact needs. The number of video consultations and outpatient clinic 
visits were on average 0.84 ± 0.23 per month (min 0.17, max 1.42) and 
3.48 ± 0.98 per year (min 0, max 6), respectively. 

3.1. Severe adverse events, adverse events, and hospital treatments 

During the study period, a total of 14 inpatient treatments took place 
among the 99 participants: five regular stays due to pump or sensor 
training, three planned group training sessions, two due to oncological 

disease, and one non-diabetes-related surgery. Only three inpatient stays 
due to acute diabetes-specific complications (two metabolic imbalances 
without diabetic ketoacidosis (DKA) and one with DKA) were necessary. 
Emergency room visits by the study participants without subsequent 
inpatient treatment did not take place. 

3.2. Metabolic outcome 

3.2.1. Primary metabolic outcome HbA1c 
The HbA1c remained stable during the study year. The mean base-

line HbA1c in the quarter before study entry (Q 1.2020) was 7.8% ±
1.0% (62 ± 10 mmol/mol) and after one year (Q 2.2021) 7.8% ± 0.8% 
(62 ± 9 mmol/mol) (N = 99) (p = 0.719). Multiple linear regression 
analyses were run to predict HbA1c from diabetes duration, age, sex, 
child comorbidity, and living arrangements at baseline and at study end. 
There was no significant association of HbA1c with diabetes duration, 
age, sex, and child comorbidity at either time point. Only child living 
arrangements significantly predicted HbA1c at study entry and end 
(each p = 0.001): when both parents jointly cared for their children, the 
children had lower HbA1c levels. Similarly, no significant association 
was identified between the change in HbA1c level during the study and 
the number of telemedicine and outpatient consultations (rho = 0.061; 
p = 0.55). 

3.2.2. Secondary metabolic outcome parameter 
For every video consultation, the CGM parameters of the previous 

14 days were evaluated, including the GMI, TiR, TbR and mean sensor 
glucose value. Whereas TiR and TbR of the patients remained stable 
during the study period, the mean sensor glucose value as well as the 
GMI slightly, but significantly, improved (Table 2). As for HbA1c values, 
multiple linear regression showed no evidence that GMI was signifi-
cantly predicted by diabetes duration, age, sex, and child comorbidity at 
baseline or end of study. Only child living arrangements were associated 
with GMI at study entry in such a way that children who were cared for 

Table 2 
Clinical and patient reported outcomes at study entry versus end of study.   

study 
entry 

end of 
study 

p 

Metabolic measures M (SD) (n ¼ 99) 
HbA1c (%) 7.8 (1.0) 7.8 (0.8) 0.719b 

HbA1c (mmol/mol) 62 (10) 62 (9)  
Time in Range (%) 56.4 

(14.7) 
58.0 
(12.7) 

0.090b 

Time below Range (%) 2.06 
(1.70) 

2.37 
(1.99) 

0.203b 

Mean sensor glucose mg/dl 179.8 
(27.7) 

174.5 
(22.9) 

0.002b 

Glucose management indicator GMI (%) 7.61 
(0.66) 

7.49 
(0.55) 

0.003b 

BMI SDS 0.55 
(0.91) 

0.58 
(0.87) 

0.801b 

Parental reported outcome measures (n ¼ 87) 
DTSQs parents: diabetes treatment 

satisfaction – total score (min-max 0-84) 
57.08 
(9.61) 

60.36 
(9.79) 

<0.001a 

Parents’ overall treatment satisfaction (10 
Items) (min-max 0-60) 

43.57 
(7.35) 

45.64 
(7.06) 

0.001a 

Parents’ satisfaction with perceived 
hypoglycemia (min-max 0-6) 

3.66 
(0.99) 

3.93 
(1.02) 

0.035b 

Parents’ satisfaction with perceived 
glycemic control (min-max 0-12) 

6.46 
(2.13) 

6.97 
(2.14) 

0.021a 

Parents’ satisfaction with perceived effect of 
treatment on their life (min-max 0-6) 

3.51 
(1.39) 

3.82 
(1.44) 

0.026b 

P-PAID diabetes burden and distress    
P-PAID-C summed total score (min- max 16- 

96) parents of children 
47.48 
(12.81) 

44.28 
(14.23) 

0.042a 

P-PAID-T summed total score (min- max 15- 
90) parents of teens 

50.63 
(15.25) 

45.08 
(13.53) 

0.003a 

Table note: aAccording to paired samples t-Test pre-post or bWilcoxon test pre- 
post. 
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by both parents had lower GMI (p = 0.001). 

3.3. Parents’ reported outcomes 

At study entry, 91 of 99 families with a child participating in VIDIKI 
2.0 completed the DTSQs-Parents and P-PAID questionnaires and sent 
them to the study center. At the end of the study, a total of 95 families 
completed the questionnaires. The questionnaires were mainly 
completed by the mothers (71% at both time points). The data from the 
87 families submitting questionnaires at both time points were 
compared longitudinally (Table 2). 

3.3.1. Satisfaction with diabetes treatment 
Overall treatment satisfaction among parents increased significantly, 

although the initial level of satisfaction was already high. Similarly, 
satisfaction with the frequency of hypoglycemia and with the perceived 
quality of metabolic control improved significantly, but to a lesser 
extent, as well as the effect of diabetes therapy on parents’ lives 
(Table 2). 

Two items of the DTSQs were of particular interest for the acceptance 
of telemedicine care. 1) The question as to whether the parents were 
satisfied with the support of the diabetes team was answered with an 
average of 5.49 ± 0.66 points initially and 5.48 ± 0.97 points at the end 
of the study (range 0 – 6). 2) When asked if they wanted to continue 
current treatment, parents answered very positively with 5.22 ± 1.02 
points initially and 5.55 ± 0.97 points at the end of the study 
(p = 0.003). Linear regression pointed only to a significant association 
between overall treatment satisfaction and age of the child with diabetes 
mellitus (study entry p = 0.025, study end p = 0.012) with slightly lower 
satisfaction among parents of younger children. As expected, HbA1c and 
GMI were significantly associated with the combined two DTSQ items on 
satisfaction with metabolic control (study entry rho = -0.417 / rho = - 
0.272 / and study end rho = -0.266 / rho = -0.268, each p < 0.01) but 
not with DTSQ sum scores. 

3.3.2. Diabetes-specific burden (P-PAID Questionnaire) 
From the parents’ perspective, their diabetes-specific burden and 

emotional distress in everyday life decreased significantly during 
participation in VIDIKI 2.0. This was evident for parents of children as 
well as of teenagers (Table 2). Initially, 39 % of the parents of teenagers 
exceeded the cutoff value of 54 (high burden). At the end of the study, 
only 19 % did so. While there was no significant association between 
emotional distress and child HbA1c for parents of children, the rela-
tionship between emotional distress and adolescent HbA1c was signifi-
cant at both time points (study entry Spearman rho = 0.392, p = 0.018; 
study end Spearman rho = 0.426, p = 0.025). 

4. Discussion 

Our study shows that additional telemedical care for children and 
adolescents with type 1 diabetes mellitus during the COVID-19 
pandemic consisting of structured monthly video consultations for 
12 months resulted in a significant improvement in parents’ treatment 
satisfaction and their diabetes-specific burden and distress and was 
associated with a slight improvement in mean sensor glucose value and 
glucose management indicator, while HbA1c remained stable. 

Monthly video consultations with children and adolescents with type 
1 diabetes mellitus during the COVID-19 pandemic, which partially 
replaced outpatient clinic appointments, were not associated with a 
deterioration in metabolic control in the present study. Contrary to the 
tendency for the HbA1c value to increase with longer diabetes duration 
[23], the HbA1c value remained stable in our study, and the mean 
sensor glucose value and glucose management indicator even slightly 
decreased. This is of special note, considering the profound changes in 
the children’s and adolescents’ everyday lives during the COVID-19 
pandemic and the lockdown, which included temporary closure of 

daycare institutions, schools and team sports activities, home-schooling, 
and social distancing and isolation. In adolescents, the COVID-19 
pandemic was shown to be associated with a lack of physical activity, 
different eating habits, increased screen time, modified sleep-wake 
rhythm, and a higher rate of social withdrawal, depression, and anxi-
ety disorders, all of which might have had a negative effect on diabetes 
management and metabolic control [24,25]. Furthermore, during the 
COVID-19 pandemic in Germany, visits to the diabetes outpatient clinic 
were often postponed or cancelled due to the risk or fear of infection or 
various other reasons. However, the lower frequency of in-person visits 
and primarily telemedical care via video consultations in our study did 
not have any negative effect on glycemic control. Our findings are 
consistent with recent studies investigating the effect of COVID-19- 
associated lockdowns on glycemic control in children and adolescents, 
which revealed stable metabolic control or even an improvement 
[26–31]. Some studies suggest that spending more time at home with 
parental supervision and diabetes management and a slowdown in daily 
activities might have beneficial effects on metabolic control, especially 
in younger children [28,32]. Furthermore, our study indicates that 
telemedicine via structured video consultations by diabetes healthcare 
professionals may be as therapeutically effective as in-person visits at 
outpatient clinics. Since the vast majority of study participants had 
taken part in the previous study VIDIKI 1.0, the only slight improvement 
in glycemic parameters might partially be due to an already reached 
plateau of patient’s glycemic control. 

Additionally, our study showed that monthly video consultations for 
12 months resulted in a significant improvement in parents’ treatment 
satisfaction and their diabetes-specific burden and distress. Parental 
stress decreased during the study, especially among parents of adoles-
cents. In addition, parents were more satisfied with the impact of dia-
betes treatment on their lives. The COVID-19 pandemic represented an 
additional stressor for parents of children and adolescents as they were 
being asked to combine multiple roles (e.g., professional role, teaching 
role and parenting role) [33]. Parents of children with chronic disease 
reported higher levels of anxiety than parents of healthy children during 
the COVID-19 pandemic [33]. Given this, the significant decrease in 
parental diabetes-specific burden and distress in our study despite the 
pandemic situation is remarkable. As in VIDIKI 1.0, parents were very 
satisfied with the video consultations and appreciated the time savings 
and the higher frequency of medical appointments [12]. The structured 
data analysis and discussion as an essential part of the counseling 
appointment enabled an increasingly improved understanding of how 
treatment changes can be derived from the CGM data analyses. 
Furthermore, adolescents were able to be much more active in treatment 
discussions about their own data compared to the outpatient clinic. 

Major advantages of video consultations for families with children or 
adolescents with type 1 diabetes mellitus, compared to standard in- 
person visits, comprise saving travel time or waiting time, flexibility 
in appointments in terms of time and place, a higher frequency of con-
tact leading to short-term therapy adjustments, and an increase in the 
ability to adjust therapy independently [12]. Patients and families 
missed significantly less school and work time to attend appointments 
[34]. Troncone et al. revealed a higher level of patient-doctor agreement 
on explicit goals of treatment in video consultations compared to in- 
person visits and no differences in terms of the doctor-patient relation-
ship [35]. Especially in rural areas with limited access to specialty care, 
telemedicine care offers great potential to increase adherence and 
improve diabetes care [34]. 

However, the introduction of telemedicine, and specifically video 
consultation, initially requires thorough preparation: the necessary 
hardware and software must be installed and tested by the diabetes 
healthcare team. Reliable internet access and a technical device suitable 
for the performance of video consultation are necessary at the family’s 
site. Both the diabetes healthcare team and the parents need to learn 
how to use the virtual consultation portal and to deal with minor tech-
nical errors. Consultation time slots, billing options, and the 
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organization of prescriptions for the families need to be differently co-
ordinated. Lack of reliable internet or hardware access may hamper 
telemedicine care, especially for families with lower socioeconomic 
status. Some families with lower technical abilities may feel over-
burdened with the technical requirements when starting telemedicine 
[4]. 

The main limitation of video consultation is the lack of physical 
examination. Parents must be instructed to evaluate the injection sites 
themselves. Measurement of weight and blood pressure need to be 
delegated to the families. For children and adolescents with suspected 
hypertension, measurements with an appropriate home blood pressure 
monitor or annual 24-hour blood pressure measurement should be ar-
ranged with local health care facilities. 

Furthermore, the quarterly HbA1c is not always adequately reflected 
by software GMI, mean sensor glucose, TiR, and TbR, and so cannot be 
simply replaced by software measures in all patients [36]. For this 
reason, from our perspective, before starting primarily video 
consultation-based care, it is advisable to compare an HbA1c value from 
the outpatient clinic with the corresponding GMI from a 4-week evalu-
ation and check whether the GMI deviates clinically significantly, i.e., 
more than 0.5%, in case of incorrectly low calibrated sensors, for 
example. In cases with significant deviation, the use of a home test 
HbA1c meter may provide the necessary parameter. 

Our findings are consistent with studies before and during the 
COVID-19 pandemic, which also found high acceptance and satisfaction 
with video consultation in other countries [3,10,35,37]. However, this 
drastic change in on-site care concepts through the introduction of video 
consultation also requires appropriate reimbursement. Moreover, the 
use of diabetes technologies and diabetes software must become part of 
the training concepts for both patients and diabetes healthcare pro-
fessionals. A European group of authors also addressed the legal and 
strategic requirements necessary to make telemedicine available to 
broad patient groups while ensuring data protection, patient privacy and 
cyber security [10]. 

However, some limitations of the study should be noted. VIDIKI 2.0 
was designed as a follow-up observational study with mainly former 
VIDIKI 1.0 participants, who were already familiar with telemedicine. 
The positive previous experience and the existence of the technical 
hardware and software for telemedicine thus reflects a selected, well- 
trained group of participants. Families without telemedicine experi-
ence were not equally represented in the study. Therefore, a selection 
bias is likely with respect to satisfaction with telemedicine. Further-
more, families with migration background were underrepresented in our 
study. 

In contrast, the length of the study is a particular strength, since - to 
our knowledge - no long-term studies on telemedicine in pediatric dia-
betology exist. The VIDIKI 1.0 study and the present follow-up VIDIKI 
2.0 study investigate for the first time the metabolic parameters as well 
as parents’ treatment satisfaction and diabetes-specific burden of a 
cohort of children and adolescents who received monthly video con-
sultations for a minimum of 7 months and a maximum of 3.5 years over 
the two directly consecutive studies. 

In conclusion, this study shows that telemedicine conducted via 
monthly video consultations as an addition to, or replacement for, 
quarterly outpatient clinic visits is equivalent to in-person visits in terms 
of maintaining metabolic control in children and adolescents with type 1 
diabetes, and improves parents’ treatment satisfaction and their 
diabetes-specific burden and distress under pandemic conditions. Thus, 
innovative treatment modalities such as video consultations offer an 
enormous potential to extend and improve standard care for children 
and adolescents with diabetes mellitus in the future. Provided that there 
is access to the internet, a legal framework, regulated reimbursement as 
well as acceptance by the diabetes healthcare teams, video consultation 
could soon be integrated into national diabetes care models. 
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