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Abstract
Objectives: We analyzed uptake, volume and covariates of telemedicine use in children and adolescents
with type 1 diabetes in 2020 with focus on the COVID-19 lockdown in Germany and provide �rst outcome
data associated with telemedicine use.

Research design and methods: Based on data from the German Diabetes Prospective Follow-up Registry
(DPV) in 2020, we included 247 pediatric diabetes centers following 26,365 children and adolescents with
type 1 diabetes. Centers and individuals were characterized according to telemedicine use. Effects of the
lockdown from March 13th to May 13th 2020 versus the entire years 2020 and 2019 were analyzed.

Results: During the lockdown in 2020, telemedicine visits increased from pre-lockdown 0.6% of all patient
visits to 12.8% and remained 3.5 % until end of 2020. Among 247 centers only 11 provided telemedicine
to more than 50 patients, while telephone contacts were the preferred telemedicine-mode during
lockdown. Patients receiving telemedicine in 2020 had lower HbA1c, longer distance to diabetes centers,
less frequently migration background and higher use of insulin pumps or CGMS.

Discussion: Telemedicine experienced a dramatic boost during and after the strict lockdown in Germany.
Anyhow absolute numbers of telemedicine in outpatient contacts remained below 5% and thus
telemedicine did not take a load-carrying role in pediatric diabetes care in Germany. Having migration
background and not using diabetes technology possibly re�ect barriers to scale up digital
communication.

Introduction
Coronavirus disease 2019 (COVID-19) and the subsequent social distancing rose to a global public health
emergency, challenging health systems worldwide and forcing the rapid adoption of any preexisting
telemedicine strategies [1]. In Germany, a dramatic increase in diabetic ketoacidosis and severe
ketoacidosis in children with new-onset type 1 diabetes (T1DM) happened during the �rst lock-down,
while the incidence appeared to remain stable [2, 3]. This indicated several barriers to diagnose new-onset
diabetes in children early, but also to access medical care timely in the COVID-lockdown situation.

Type 1 diabetes in children and adolescents is a highly relevant �eld for remote medical care, with
modern devices such as insulin pumps and continuous glucose-monitoring (CGM) having been
established in more than 50% of all individuals in Germany / Austria and in the US. Many of these
systems deliver patient-derived health data into data platforms and analysis software mostly as part of
cloud-based manufacturers’ ecosystems. Therefore pediatric diabetology takes a pioneer position for
telemedicine both in pediatrics and in diabetology [4, 5]. In general, these tools, if established, enabled
immediate distancing of any existing in-person diabetes care during the COVID-19 pandemic [6, 7].
International pediatric guidelines also describe technology as an important factor for outpatient care and
recommend stricter glycemic targets when these technical devices, embedded into a comprehensive care
concept, are used [8]. The majority of patients, caretakers and health care professionals were already
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familiar with these systems. However, in Germany, organizational framework and hardware availability
for video consultations to be used during lockdown conditions was available only in few studies or
centers [1, 9] and implementation of a complete telemedicine eco-environment was new for regular
patient care to most health care providers. Multiple stakeholders are involved and preexisting regulations
make the practical implementation time consuming and challenging [10, 11]. Metabolic outcome data,
how telemedicine helped to manage diabetes care for children and adolescents during the COVID-19-
pandemic, were already published from European centers [12, 13]. The rapid adoption of telemedicine in
the US during the COVID-19 pandemic was already reported from the T1DX-QI but comparison to larger
T1D surveys in Europe were still lacking [14]. In detail, we analyze here (i) whether and how such digital
infrastructures were activated to perform digital health care for children and youth during the COVID-
pandemic, (ii) what are center characteristics providing telemedicine (iii) what are speci�c clinical
characteristics of patients experiencing telemedicine follow ups. We also address the optimistic view that
the experience gained from emergency care during the pandemic has already boosted the use of
telemedicine and telemonitoring [15] - at least in Germany.

Research Design And Methods
The DPV Registry is a long-term surveillance tool of patients with diabetes in Germany, Austria,
Luxembourg and Switzerland, also collecting detailed data on use of CGM and insulin pumps [8, 16]. DPV
covers more than 90% of all pediatric individuals with T1D and provides representative data re�ecting a
real-world scenario of all aspects of diabetes management in Germany [17].

We analyzed the complete 2020 DPV data report from 26,365 German children and adolescents with T1D
being followed at their respective diabetes centers and having follow-up data in 2020. Overall 2,623 of
them (9.6%) had at least one telemedicine contact in 2020. If data were available, we depict diabetes care
speci�cally during the COVID-19-lockdown from March 13th to May 13th 2020 in Germany with all
medical and psychosocial data. In DPV, telemedicine contacts could be entered directly either as “video”,
“telephone” or “email”. If both “email” and “telephone” were documented for one visit, type of
telemedicine was considered as “telephone + email”. An email contact alone was not su�cient to be
categorized as telemedicine. If any type of telemedicine was documented we considered this contact as
telemedicine, even if also other inpatient or outpatient contacts happened in the same acquisition period.
Our search was completed by a string search in open text �elds with the terms “tele”, “video”, “email”,
“online”, “digital” and “vidiki”. “Vidiki” is the largest prospective telemedicine project in pediatric
diabetology in Germany [18]. Consent was obtained from patients or caretakers. The ethics committee of
the University of Ulm approved scienti�c analysis of anonymized data, and institutional review boards
approved data collection in local institutions. Informed consent was obtained from all participants and/or
their legal guardians in local institutions. All methods were carried out in accordance with relevant
guidelines and regulations.

We compared TM use from January 1st 2020 until December 31th 2020 with identical, seasonal intervals
in 2019 to see changes induced by the �rst COVID-19 lockdown phase in Germany. Patient contacts were
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classi�ed as outpatient (ambulatory), inpatient (hospital admission) or telemedicine. Frequencies were
assessed per week. The centers providing TM were characterized by size of center (number of patients),
by the categories university versus community hospital, by mean airline distance between patient’s home
and the hospital (% of patients living ≥ 25 km away from the center) and the mode of TM used (video,
telephone, email, unde�ned). The patients were described by age, gender, diabetes duration, mode of
insulin therapy, hemoglobin A1c (HbA1c, standardized to DCCT reference range), migration background
(at least one parent being born outside of Germany), CGM-use and time-in-range, as well as airline
distance to their speci�c diabetes center (see above). Description was conducted for the entire cohort and
strati�ed by TM use within the respective time window.

Statistics were calculated using SAS (Statistical Analysis Software, SAS Institute Inc., Cary, NC, USA)
Version 9.4 build TS1M7 on a windows 2019 server mainframe. Descriptive statistics was performed for
base-line characteristics of our cohort (Table 2). The results were shown as median with quartiles for
continuous variables using the Kruskal-Wallis-Test to compute unadjusted p-values for group
comparison, and as proportions for binary variables, using the -test for comparison.

Results
Pediatric diabetes centers providing telemedicine. We characterized the centers that provided
telemedicine in 2020. Out of 247 pediatric diabetes centers that contributed data of overall 26,365
patients, 97 documented any use of telemedicine in 2,623 of their patients. But approximately one third
(36 centers) only sporadically documented single patient-contacts (5 or less) via any kind of telemedicine
communication. Important to note, regular calls for prescriptions or to postpone appointments were not
counted as “telemedicine” contact. Anyhow, only 11 centers provided telemedicine care for more than 50
patients or in average more than 20% of their respective patients in routine care (Table 1) and only single
centers had established video consultations at larger numbers for their patients (Fig. 1). Moreover, those
61 centers providing more than 5 annual telemedicine contacts in 2020 had a larger share of patients
living > 25 km away from respective diabetes centers (28.6% versus 24.1%) and a higher prevalence of
university clinics (29.5% versus 11.8%). Interestingly, only 24 of those 61 centers used telemedicine
before the lockdown, another 29 centers started in the lockdown and a �nal number of 8 centers had �rst
virtual contacts after end of lockdown in 2020.

χ2



Page 5/14

Table 1
All 247 pediatric DPV centers and their patients followed completely or intermittently

(once or more) with telemedicine (TM) in 2020.
Patients treated via TM per center Centers Patients in 2020 TM % TM

No TM 150 10,771 0 0%

1–5 36 4,101 69 1.6%

6–10 11 1,634 84 5.0%

11–25 23 3,155 392 12.1%

26–50 16 2,977 567 18.7%

51–100 6 1,483 391 25.7%

> 100 5 2,244 1,120 48.7%

Total 247 26,365 2,623 9.6%

 

Medical contacts in 2020. In the entire year 2020, 102,514 medical contacts of 26,365 children and
adolescents with T1D were documented (visualized in Fig. 2). In detail 88,684 outpatient visits (86.5%),
9,701 hospital admissions (9.5%) and 4,129 telemedicine contacts (4.0%). Most of those 26,365 children
experienced outpatient contacts alone, and if telemedicine was involved, as a mixture of all types of
medical contacts, predominantly outpatient plus telemedicine contacts. Telemedicine alone was limited
to single individuals (Table 2). Telemedicine was further speci�ed as “telephone contacts”, “telephone
and emails”, “video consultations” and �nally others that had not been further speci�ed (Table 3).
Interestingly, video consultations had not been established in the majority of these contacts, re�ecting the
telemedicine techniques provided by the centers. Within the strict lockdown period between March 13th
and May 13th, the total number of in-person visits decreased compared to the same interval in 2019 both
for outpatient visits from 88.5–78.4% (p < 0.001) and inpatient admissions from 11.0–8.6% (p < 0.001).
During this period, telemedicine visits increased from pre-lockdown 0.6% of all patient visits to 12.8% and
remained 3.5% until end of 2020. Pre-lockdown was similar to the same period in 2019 (0.5%, data given
in table S1 and depicted in Figure S2) and thus lockdown-conditions stimulated higher use of
telemedicine.
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Table 2
All types of contacts and possible combinations within the entire year 2020 (left) and exclusively during

the lockdown period (right).

  Entire year 2020 Lockdown March 13th – May 13th
2020

Type of contact Patient numbers (% of
all)

Patient numbers (% of all)*

Inpatient 1,062 (4.0%) 616 (4.1%)

Outpatient 16,476 (62.5%) 8,749 (58.3%)

Telemedicine 19 (0.1%) 1,056 (7.0%)

Inpatient + outpatient 6,204 (23.5%) 460 (3.1%)

Inpatient + telemedicine 25 (0.1%) 36 (0.2%)

Outpatient + telemedicine 1,702 (6.5%) 414 (2.8%)

Inpatient + outpatient + 
telemedicine

877 (3.3%) 23 (0.2%)

Total 26,365 (100.0%) 11,354 (100.0 %)

* Percent (%) refers to those 11,354 patients that had any contact to their diabetes centers, the
remaining 15,011 patients had no contacts within the lockdown period.

 

Table 3
Spectrum of telemedicine (TM) contacts within the entire year 2020 (left) or exclusively

during the lockdown period (right).

  Entire year 2020 Lockdown March 13th – May 13th 2020

Type of telemedicine Contacts (% of all) Contacts (% of all)

Telefone 1641 (39.7%) 890 (52.2%)

Telephone + email 229 (5.5%) 89 (5.2%)

Video 1225 (29.7%) 404 (23.7%)

Not speci�ed 1034 (25.0%) 322 (18.9%)

Total 4129 (100.0%) 1705 (100.0%)

Patients experiencing telemedicine in 2020. As shown above, most individuals who experienced
telemedicine contacts used those interchangeable with in-person and outpatient contacts (Table 2) and
thus telemedicine helped to bridge continuous diabetes follow up. When compared to those not
experiencing telemedicine, telemedicine users lived further away from their respective diabetes center,
used more insulin pump and CGM technology or were less frequent from migration background (Table 4,
left). HbA1c, gender, diabetes duration and BMI did not differ between both groups (Table 4, left). In a
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smaller cohort of 2,341 patients that had regular CGM-downloads into DPV in 2020, time-in-range was
slightly higher in those also using telemedicine.

Table 4
Demographics and clinical data of all 26,365 patients followed intermittently with telemedicine (TM, n = 

2,623) or completely without telemedicine (no TM, n = 23,742) over the entire year 2020 (left) and of
11,354 patients analyzed during the lockdown period (March 13th to May 13th 2020.

Period January – December 2020

(including lockdown-period)

Only lockdown-period - March 13th –
May 13th 2020.

  No
telemedicine

Telemedicine P No
telemedicine

Telemedicine P

N 23,742 2,623 n.a. 9,831 1,523 n.a.

Age [y] 13.1 (9.7–
15.7)

12.5 (9.0–
15.3)

< 
0.001

12.9 (9.5–
15.5)

12.8 (9.5–
15.4)

n.s.

Male [ %] 53.2 52.3 n.s. 53 54 n.s.

Migration backgr.
[%]

26.2 20.1 < 
0.001

28.5 19.8 < 
0.001

Diabetes duration
[y]

4.0 (1.5–
7.4)

3.7 (1.4–7.2) n.s. 3.9 (1.5–
7.1)

4.1 (1.6–7.5) 0.25

BMI SDS 0.35 (-0.3–
1.0)

0.34 (-0.3–
9.7)

n.s. 0.36 (-0.26–
1.00)

0.31 (-0.26–
0.94)

n.s.

HbA1c [%] 7.7 (7.0–
8.6)

7.6 (7.0–8.4) n.s. 7.7 (7.0–
8.6)

8.0 (7.2–9.1) 0.006

HbA1c
[mmol/mol Hb]

60.2 (53.0–
70.0)

59.9 (52.7–
68.7)

n.s. 60.4 (52.5–
70.4)

64.0 (55.2–
75.8)

0.006

TDD insulin [U/kg
BW/d]

0.82 (0.64–
1.03)

0.79 (0.62–
1.00)

< 
0.001

0.83 (0.65–
1.05)

0.78 (0.61–
1.03)

0.032

CSII [%] 56.8 61.0 < 
0.001

55.6 57.1 n.s.

§CGM use [%] 79.8 88.0 < 
0.001

n.d. n.d.  

Distance to
center > 25 km [%]

24.8 27.9 = 
0.006

22.6 28.9 < 
0.001

#TIR [%] 54.1 (41.9–
66.3)

57.2 (46.3–
69.2)

< 
0.001

n.d. n.d.  

CSII: insulin pump therapy; BMI SDS. Body mass index standard deviation score; TDD: total daily dose
of insulin; CGM: Continuous Glucose monitoring; § CGM pro�les and CGM-use only available for the
entire year 2020. # TIR: Time in Range, data from 2,341 patients with CGM-pro�le downloads. Data
were shown as medians and inter quartile range.
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Focusing on the strict lockdown period in Germany from March 13th to May 13th (Table 4, right)
migration background and distance to the diabetes center above 25 km were higher in those with
telemedicine visits. But in contrast to the entire year 2020, HbA1c in those with TM-contacts was
speci�cally found higher in this sub-cohort. But important to note, the majority of 15,011 patients had no
medical contacts in the strict lockdown period.

Discussion
We were interested to follow implementation of telemedicine care in children and adolescents with T1D in
Germany and particularly focused on whether telemedicine worked as ad hoc uptake during the strict
COVID-19-lockdown period, as it has been strongly demonstrated by the T1DX-QI register [14]. The DPV
registry prospectively surveys more than 90% of all individuals with T1D younger than 18 years in
Germany. Here we give a detailed picture of �rst, patients that had a chance to use telemedicine in 2020
with special focus on the strict lockdown weeks in Germany, and second, on those diabetes centers that
established some level of telemedicine compared to centers who provided in-person visits only.

In Germany, most children and adolescents with T1D receive continuous outpatient care in specialized
pediatric diabetes centers providing both inpatient and outpatient care. The “COVID-19-lockdown” was
imposed all over Germany and within days decisions were made on what kind of in-person visits needed
to be classi�ed as “urgent” or had to be cancelled. Any type of telemedicine was immediately used to
contact families and assure that prescriptions for devices, supplies and insulin were su�cient. All routine
contacts should be postponed or switched to telemedicine contacts, if accepted by the families.
Interestingly, even under this conditions, the majority of outpatient contacts were postponed over the two-
month-period or still continued as in-person visits, while telemedicine visits rose to 12.8.%. This was
remarkably higher than 0.5% in the same period of 2019 but far from the 95% rise in telemedicine visits
found in the T1DX-QI for the US [14]. Our evaluation revealed that only 61 centers used telemedicine in
more than 5 of their patients and their mode of telemedicine ranged from almost exclusively using video
consultation to primarily using telephone calls. Telephone calls were also the major strategy for
telemedicine contacts with families and patients during the lockdown weeks. As reported above, the
majority of the 61 centers started documenting telemedicine visits during lockdown until May 13th, so
that COVID-lockdown clearly fueled onset of telemedicine in most of those centers.

Remarkably, in-person contacts were signi�cantly reduced during the lockdown phase, compared to
identical calendar weeks in 2019. But the decrease to 78.6% compared to 88.5% in 2019 was moderate
and obviously, the majority of pediatric diabetes appointments had been classi�ed as “urgent medical”,
not allowing to be postponed along with local lockdown regulations. Hospital admissions dropped and
were also restricted to acute diabetes complications. Telemedicine contacts increased, but their absolute
numbers were not su�cient to compensate for all of the postponed in-person appointments. Also only a
minority of pediatric diabetes centers in Germany were prepared and could provide any of the
telemedicine options as the lockdown suddenly impacted on diabetes care.
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The COVID-19-pandemic and in particular lockdown regulations should catalyze telemedicine care of
children and adolescents with T1D and some authors even emphasized a paradigm change in pediatric
diabetes care by the pandemic [15]. The majority of children and adolescents treated in pediatric centers
in Germany use a CGMS and insulin pump [4] and thus already had technical prerequisites to upload and
share their glucose values and insulin-treatment data. We also found that longer travelling distance to
diabetes centers favored but migration background of families restricted the use of telemedicine. This
second aspect points to language and other socioeconomic factors that could impair any
nondiscriminatory and fair expansion of telemedicine use.

We found no deterioration of metabolic control over the lockdown weeks, at least in terms of HbA1c and
time-in-range, irrespective of whether contacts were switched to telemedicine or kept in-person. In
Sweden, the results during the �rst 7 months (Jan–July 2020) of the pandemic showed no deterioration
of HbA1c, blood lipids and time-in-range, compared to corresponding periods within previous years.[13]
These medical data give us some relief, but we should interpret with care, how the Corona pandemic and
in particular what adaptations of treatment policies may have impacted on T1D care. Telemedicine
usability might only be one of many changes resulting from the pandemic [19].

Centers’ perspective (Fig. 1) gave a heterogeneous picture of individual centers in Germany, even if a
similar number of patients were followed by telemedicine. Some centers used video consultations, others
telephone calls in almost identical frequencies, but only a minority of 11 centers managed to follow more
than 50 patients per year via telemedicine. Looking at all German patients in DPV and their caretakers,
less than 10% experienced any telemedicine contact in 2020 and as mentioned above only few centers
provided telemedicine on a regular base. Thus, telemedicine in 2020 was already a light at the end of the
tunnel but not a load-bearing infrastructure for pediatric diabetes care in Germany.

Looking ahead, some barriers to scale up telemedicine in Germany are identi�ed so far. First, the
European Union enacted the General Data Protection Regulation (GDPR) and up to now, some
manufacturers’ software solutions are still not completely GDPR compliant and local hospital data
protection regulations blocked active upload of patient data into these data-sharing cloud software
systems. Second, implementation of video consultations into hospital ecosystems is a long process for
health care professionals and requires investments into hardware, software and upload devices. However,
a qualitative assessment of diabetes educators and pediatric diabetologists who were familiar with
telemedicine found that video consultation offered several bene�ts in the ongoing care of children with
T1D [20].

In conclusion, we experienced an impressive dynamics of telemedicine within the COVID-lockdown phase
in the US but also in Germany, and �nally use of telemedicine established at a much higher rate
thereafter. This re�ects very good acceptance once telemedicine was established - not only under
emergency conditions. However, the overall use of telemedicine in Germany was unable to compensate
any reduction of in-person visits and has not been established in the majority of our pediatric diabetes
centers. Additional key factors to scale up telemedicine for children with diabetes in Germany were (i)
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GDPR compliant telehealth or video consultation programs and associated health data platforms, (ii)
addressing speci�c socioeconomic demands and (iii) securing equal �nancing of telemedicine compared
to in-person visits.
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Figure 1

Center perspective of all 97 DPV centers providing any type of telemedicine (corresponding to table 1).
Only 11 centers documented more than 50 TM contacts in 2020, video consultations and telephone were
predominantely used in the four largest centers.  

Figure 2

All patient contacts in DPV within the entire years 2019 and 2020. Data lines were smoothed using the
LOESS-method. In 2019, typical seasonal effects during summer holidays (weeks 30-34) and at turn of
the year reduced outpatient contacts (red, dashed line). In 2020 COVID19-lockdown had a strong non-
seasonal impact (red solid line). Obvious lockdown effects were also decreased inpatient admissions and
increased telemedicine use (blue and green lines). Telemedicine dynamics is depicted exclusively in
Figure S2 in supplemental information.  
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