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Abstract
Aim To assess effects of the SARS-CoV2 pandemic on metabolic control in youth with type 1 diabetes (T1D) in Germany 
in a population-based analysis.
Methods Data from 33,372 pediatric T1D patients from the Diabetes Prospective Follow-up (DPV) registry, with face-to-
face visits or telemedicine contacts in the years 2019–2021, were available. Datasets from eight time periods between March 
15, 2020, and December 31, 2021, according to SARS-CoV2 incidence waves, were compared to those from five control 
time periods. Parameters of metabolic control were assessed with adjustment for sex, age, diabetes duration, and repeated 
measurements. Laboratory-measured HbA1c values and those estimated from CGM were aggregated into a combined glu-
cose indicator (CGI).
Results There was no clinically relevant difference in metabolic control between pandemic and control time periods with 
adjusted CGI values ranging from 7.61% [7.60–7.63] (mean [95% confidence interval (CI)]) in the third quarter of 2019 to 
7.83% [7.82–7.85] in the time period from January 1 to March 15 2020, in the other control periods, and during the pan-
demic, CGI values lay between these values. BMI-SDS rose during the pandemic from 0.29 [0.28–0.30] (mean [95% CI]) in 
the third quarter of 2019 to 0.40 [0.39–0.41] during the fourth wave. Adjusted insulin dose rose during the pandemic. Event 
rates for hypoglycemic coma and diabetic ketoacidosis remained unchanged.
Conclusions We found no clinically relevant change of glycemic control or incidence of acute diabetes complications during 
the pandemic. The observed BMI increase may represent an important health risk for youth with T1D.
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Introduction

For more than two years, the SARS-CoV2 pandemic has 
shaped daily life of children and their families as well as 
healthcare services and may have exerted a strong influence 
on diabetes management in pediatric patients with type 1 
diabetes (T1D).

Depending on daily infection rates, there have been four 
waves of SARS-CoV2 pandemic in Germany in the years 
2020 and 2021 [1]. In mid-March 2020, the first lockdown 
was implemented with nationwide closure of schools and 
daycare institutions, a recommendation for most employees 
to work in home-office, prohibition of team sport activities, 
and a closure of public gyms and playgrounds. After two 
months, in mid-May 2020, daily life was partially adapted 
back to normal. With the second SARS-CoV2 infection 
wave, social distancing means were gradually reimple-
mented in mid-October of 2020 and mostly retained until 
the end of the third infection wave in May 2021. Social 
distancing means were mostly suspended during the sum-
mer months of 2021, but reimplemented during the fourth 
wave in the fall of 2021. To guarantee education for all 
children, no statewide school closures were reimplemented 
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in the second half of 2021. During the first months of the 
SARS-CoV2 pandemic in 2020, glycemic control in pedi-
atric patients with T1D remained stable in different patient 
cohorts despite social distancing means [2–6]. An analysis 
of adult patients with T1D and T2D in Germany also shows 
stable metabolic control [7]. However, long-term effects of 
the ongoing pandemic may need to be evaluated.

This study aims at evaluating the effect of the ongoing 
COVID-19 pandemic on metabolic control in a large, nation-
wide cohort of pediatric T1D patients in Germany docu-
mented in the Diabetes Prospective Follow-up (DPV) regis-
try, a multicenter quality improvement initiative for patients 
with diabetes covering more than 90% of youth with T1D 
in Germany.

Methods

Data source

Data originate from the DPV registry, in which participat-
ing German, Austrian, Swiss, and Luxembourgian diabetes 
treatment centers document data from diabetes-related visits 
for quality improvement and scientific research. Telemedi-
cine contacts, hospitalizations, and outpatient visits are doc-
umented in the registry. Twice a year, pseudonymized data 
are transferred to the Institute of Epidemiology and Medi-
cal Biometry at Ulm University, where data are validated, 
anonymized, and aggregated into a cumulative registry.

Study population

Data were retrieved from the DPV registry in August 2022.
Data were limited to patients with visits or telemedicine 

contacts in German diabetes centers in one or more defined 
time periods between January 1, 2019, and December 31, 
2021. As a control, the year 2019 was divided into four quar-
ters, time periods pre-pandemic (P) P1–P4. Time period P5, 
before the pandemic, ranges from January 1 to March 15, 
2020. The remaining months of 2020 and the year 2021 were 
split into eight sections according to the SARS-CoV2 inci-
dence waves, time periods CoV1–CoV8. To guarantee a sim-
ilar length of the time periods, the phases of low incidence 
in the summer and fall of 2020 and 2021 are divided into 
two sections, respectively. Time period CoV1, the first wave, 
spans from March 16 to May 15, 2020. Time periods CoV2 
and CoV3, May 16th–July 31st, 2020, and August 1st–Octo-
ber 15th, 2020, cover the phase of low incidence and decon-
tainment in the summer and fall of 2020, time periods CoV4 
and CoV5, October 16, 2020–January 31, 2021, and Febru-
ary 1–May 31, 2021, the second and third wave. The phase 
of low incidence and decontainment in the summer and fall 
of 2021 is represented by time periods CoV6 and CoV7, 

which lasted from June 1–August 31, 2021, and from Sep-
tember 1–October 31, 2021. Time period CoV8, November 
1–December 31, 2021, covers the 4th wave of SARS-CoV2 
incidence (Fig. 1).

In total, 33,372 patients with T1D aged less than 18 years 
and with a diabetes duration longer than 3  months (to 
exclude data at onset) with visits in 274 German centers 
were included in the study (Fig. 2).

Variables and outcomes

Documented clinical and demographic variables included 
sex, age at onset of diabetes, and age and duration of diabe-
tes at each contact. A migratory background was assigned 
if the patient or at least one parent was born outside of Ger-
many.5 Body weight standard deviation score (SDS), height 
SDS, and body mass index (BMI) SDS were based on the 
German Health Interview and Examination Survey for Chil-
dren and Adolescents (KiGGs) reference [8].

HbA1c values were mathematically standardized to the 
reference range of 4.05–6.05% (IFCC 20.8–42.6 mmol/L) 
of the Diabetes Control and Complications Trial applying 
the multiple of the mean method in order to correct for dif-
ferent laboratory methods [5, 9]. Corrected HbA1c values 
were deducted from time in range (TiR) data as described 
previously [10]. Laboratory-measured HbA1c values and 
those estimated from CGM data were integrated into a com-
bined glucose indicator (CGI) expressed in “%”, in analogy 
to HbA1c values as described before [5]. Acute complica-
tions—DKA and hypoglycemia—were also documented as 
outcomes. DKA was defined as presence of metabolic aci-
dosis with a pH below 7.3 and/or bicarbonate levels below 
15 mmol/L. Severe hypoglycemia was defined as an episode 
when the affected patient required assistance, hypoglycemic 
coma as loss of consciousness or seizure [11].

Statistical analyses

For each patient, multiple data entries per time period were 
aggregated. In descriptive analyses, the median and the first 
and third quartiles were used for continuous variables. Sums 
were used to aggregate time of observation or the number 
of events for episodes of DKA, hypoglycemia, and hospi-
talization. For visits, face-to-face and telemedicine contacts 
were considered. The number of visits per patient and time 
interval were aggregated. The different lengths of the time 
intervals were standardized to one month (length of time 
interval in days multiplied by 365 and divided by 12).

For continuous outcomes, we calculated linear regres-
sion models. Event rates for DKA, hypoglycemia, hos-
pitalization, and visits per month as well as CGM usage 
were estimated based on negative-binomial regression with 
the logarithm of individual time under risk as offset. All 
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models were adjusted for the covariates sex, age (in groups 
of patients aged < 6 years, 6 to < 12 years, and 12–18 years), 
diabetes duration (in groups of patients with a T1D duration 
of ≤ 3 years, or > 3 years), and repeated measurements. A 
first-order autoregressive covariance structure was used to 
account for stronger correlation between closer measure-
ments of an outcome. Models for daily insulin dose were 
additionally adjusted for usage of an insulin pump and BMI-
SDS (in groups of patients with a BMI-SDS below 10th 
percentile, 10–90th percentile, or above 90th percentile). 
Outcomes are presented as adjusted least-square means with 
95% confidence interval or as events per 100 patient-years 
with 95% confidence interval. Type III test of fixed effects 
for sex, age group, diabetes duration group, and time period 
were applied to the models. Trend tests were used for com-
parison of datasets before and during the pandemic. Two-
sided p-values < 0.01 were considered significant.

For a sensitivity analysis, logistic regression models 
were additionally adjusted for the German Index of Socio-
economic Deprivation of 2012 (GISD_2012) as described 
before [12]. In an age-stratified analysis, models for CGI 

and BMI-SDS were analyzed in separate groups of patients 
aged < 12 years and ≥ 12 years.

All analyses were performed using SAS version 9.4, build 
TS1M7, on a windows server 2019 mainframe computer 
(Table 1).

Results

Description of the study population

A total of 33,372 patients were included in the study (Fig. 2). 
The absolute number of patients in the time periods P1–P5 
and CoV1–CoV8 varied from 11,990 in time period CoV1 
to 22,466 in time period CoV5 (table). In the different time 
periods, the number of patients per month ranged from 5698 
in time period CoV5 to 7772 in time period CoV7. The num-
ber of patients per month was lower during the first, second 
and third SARS-CoV2 incidence than in the year 2019, but 
increased to pre-pandemic values thereafter (table). When 
data from the most recent time period for each patient were 
considered, individuals in the whole cohort of patients had 
a median age of 14.3 years [1st and 3rd quartile: 10.7; 17.1], 
and the median duration of T1D was 4.9 years [2.3; 8.4]. 
53.3% of the patients in the cohort were male, 25.7% had 
a migratory background, 58.1% administered insulin with 
an insulin pump, and 75.3% of the patients used CGM. 
Demographic differences between the groups were minimal 
(table).

Based on previous entries in the DPV registry, the 
expected number of patients aged < 16 years and with a 
diabetes duration of > 3 months at the end of the year was 
calculated for the years 2019, 2020, and 2021. To assess how 
many pediatric T1D patients missed their follow-up visits 
before and during the pandemic, we compared the percent-
age of expected and documented patients aged < 16 years 
and with a diabetes duration of > 3 months in the years 2019, 
2020, and 2020. In 2019, 20,072 of 22,566 expected patients 
(88.94%) had a documented visit in the DPV registry; for 
2020 and 2021, the fraction of documented and expected 

Fig. 1  Duration of five pre-
pandemic time periods (P1 
– P5) as control and eight time 
periods during the pandemic 
(CoV1 – CoV8) is indicated, as 
well as the daily incidence of 
new SARS-CoV2 infections in 
Germany (blue graph)
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Fig. 2  The process of patient selection is explained by showing the 
number of excluded patients in gray, the number of included patients 
in blue, and the number of patients in the final study population in 
orange
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patients were similar, 20,192 of 22,830 patients (88.44%) in 
2020, and 21,195 of 23,540 (90.04%).

Parameters of outcome and treatment 
during the pandemic compared to the preceding 
year

Parameters of treatment and outcome in the eight time peri-
ods during the pandemic and the five control time periods 
were analyzed. Based on regression models adjusted for sex, 
age, diabetes duration, and repeated measurements, CGI val-
ues ranged from 7.61% [7.60–7.63] (mean [95% confidence 
interval (CI)]) in the third quarter of 2019, time period P3, 
to 7.83% [7.82–7.85] in time period P5, in the other control 
periods and during the pandemic, CGI values lay between 
these values (figure S1).

In the year 2019, the adjusted BMI-SDS was the lowest 
in the third quarter, 0.29 [0.28–0.30], and the highest in the 
fourth quarter, time period P4, 0.33 [0.31–0.34]. During the 
two years of the pandemic 2020 and 2021, an increase in 
adjusted BMI-SDS up to 0.40 [0.39–0.41] in time period 
CoV8 was observed (figure S1; p < 0.0001).

Adjusted event rates for acute complications—diabetic 
ketoacidosis, severe hypoglycemia, and hypoglycemic 
coma—were also analyzed. Event rates for diabetic ketoac-
idosis before and during the pandemic did not differ sig-
nificantly (p = 0.911). In all time periods, the mean rates of 
diabetic ketoacidosis lay between 1.56 [1.25–1.95] and 2.20 
[1.72–2.82] events per 100 patient-years in time periods P5, 
and CoV1 respectively. With one exception—time period 
CoV6—adjusted mean severe hypoglycemia rates during all 
time periods before and during the pandemic were similar 
and ranged from 5.72 [4.84–6.75] events per 100 patient-
years in time period CoV4 to 9.71 [8.30–11.36] events per 
100 patient-years in time period P4. The highest severe 
hypoglycemia rate was estimated for time period CoV6 
with 13.12 [11.29–15.24] events per 100 patient-years. 
Event rates for hypoglycemic coma before and during the 
pandemic did not differ significantly (p = 0.776) (figure S1).

Variables of treatment included daily insulin dose, CGM 
usage, and rates of visits and hospitalizations. In 2019, the 
adjusted insulin dose ranged from 0.833 [0.828–0.837] 
(median [95% CI]) units per kg body weight per day in time 
period P2 to 0.838 [0.833–0.843] in time period P4. During 
the pandemic, the adjusted insulin dose continuously rose 
to 0.882 [0.877–0.887] units per kg body weight per day in 
time period CoV5 and remained elevated until time period 
CoV8, when it was 0.878 [0.873–0.883] units per kg body 
weight per day (p < 0.0001).

With one exception—time period CoV6, there were less 
hospitalizations during the pandemic compared to the con-
trol periods. Before the pandemic, the mean rate of hos-
pitalizations varied between 36.33 [34.65–38.10] per 100 

patient-years in time period P5, and 44.49 [42.70–46.36] 
events per 100 patient-years in time period P3. The low-
est hospitalization rate was observed in time period CoV1, 
when it dropped to 25.24 [23.42–27.22] events per 100 
patient-years. In the following time periods, the corrected 
hospitalization rates remained lower than before the pan-
demic with one exception, time period CoV6 (figure S1).

The number of visits per month was variable before 
and during the pandemic: In 2019, the adjusted number of 
visits per month—face-to-face and telemedicine—ranged 
from 0.44 [0.43–0.44] visits per month in time period P4 
to 0.48 [0.47–0.49] visits per month in time period P1. In 
time period P5, the adjusted number of visits per month 
rose to 0.52 [0.51–0.52]. During the pandemic, the number 
of visits varied between 0.39 [0.38–0.39] visits per month 
in time period CoV5, the third wave, and 0.57 [0.55–0.58] 
visits per month in time period CoV1 (figure S1). Thus, the 
adjusted number of visits per month in all control time peri-
ods lay between the highest and the lowest number of visits 
per month, which were both observed during high incidence 
waves.

CGM usage rose before and during the pandemic: In the 
first time period of 2019, patients used CGM for an adjusted 
mean of 189.2 [184.6–193.9] days per patient-year, in time 
period CoV8, for 259.9 [251.6–266.3] days per patient-year. 
This continuous increase in CGM usage was only inter-
rupted in time period CoV1, the first lockdown, when CGM 
usage was less frequent than in the previous time period.

To account for the impact of increased CGM usage on 
CGI outcomes, we have analyzed adjusted laboratory-meas-
ured values before and during the pandemic for patients who 
do not use CGM, and for the subgroup of patients for whom 
HbA1c values based on time in range were not available 
in the respective time period. HbA1c trends before and 
throughout the pandemic were similar to those observed for 
CGI values in the whole cohort. However, patients who do 
not use CGM at all had slightly higher estimated HbA1c 
values than those with no available TiR (figure S4).

In an additional age-stratified analysis, models for CGI 
and BMI-SDS were analyzed in separate groups of patients 
aged < 12 years and ≥ 12 years. A significant rise of BMI-
SDS during the pandemic compared to before the pan-
demic was observed for children aged ≥ 12 years. In those 
aged < 12 years, changes of BMI-SDS were not significant. 
CGI values in children < 12 years were lower than in older 
children and varied between 7.26% [7.24–7.28] in time 
period P2, and 7.50% [7.48–7.52] in time period CoV8; in 
patients aged ≥ 12 years, adjusted CGI values lay between 
7.85% [7.82–7.87] in time period P3 and 8.07% [8.05–8.10] 
in time period P5. In both age groups, there was no sig-
nificant difference of CGI values before and during the pan-
demic (Fig. 3).
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In a sensitivity analysis, regression analyses for CGI 
and BMI-SDS were additionally adjusted for social dep-
rivation according to the GISD_2012. The patients were 
divided into terciles according to their social deprivation 
index, with 32.5, 32.2, and 35.3% of the patients being in 
the least deprived, medium deprived and most deprived ter-
cile, respectively. The results of the logistic regression mod-
els in the sensitivity analyses were similar (supplementary 
material). Since a language barrier may pose an obstacle for 
remote visits [13, 14], a stratified analysis of the number of 
visits per month was performed for patients with and without 
migratory background. In all time periods before and during 
the pandemic, patients with a migratory background had 
a slightly higher frequency of visits than patients without 
migratory background (supplementary material).

Discussion

In our cohort of 33,372 pediatric patients with T1D treated 
in Germany, in the years 2020 and 2021, no clinically rel-
evant change of glycemic control, and no relevant change 
in the incidence of acute complications of T1D—DKA epi-
sodes and hypoglycemic coma—was observed.

Previous studies have shown that metabolic control in 
our [5] and other cohorts of pediatric patients with T1D 
remained mostly stable or even improved slightly [15–21] 
during the first months of the SARS-CoV2 pandemic or dur-
ing the entire year 2020.

Positive and negative effects of the pandemic may have 
been in balance, so that metabolic control remained stable. 
During the school closures, younger patients may have ben-
efitted from an increase in time spent at home under parental 
guidance. For adolescents, the pandemic restrictions may 
have contributed to more stability in glycemic control. On 
the other hand, for parents and younger children, the pan-
demic may have increased stress, social isolation, and anxi-
ety [22] with potential negative effects on diabetes manage-
ment and metabolic control.

Whereas the incidence rates of hypoglycemic coma did 
not differ during and before the pandemic, severe hypogly-
cemic events occurred more often during one time period, 
CoV6, the phase of decontainment lasting from June 1 to 
August 31, 2021. The sudden changes in the patient's life-
style—the transition from the acute phase of lockdown to 
relaxation and increased activity—potentially explain the 
observed increase of severe hypoglycemia.

During the pandemic, BMI-SDS increased in our cohort. 
An increase of BMI-SDS has also been observed in the 
general population [23–26], and in other cohorts of pedi-
atric T1D patients [3, 27]. In our cohort and in a cohort 
of Portuguese children with T1D [3], BMI-SDS especially 
increased in adolescents aged ≥ 12 years. The difference 

between adolescents and younger children may be explained 
by higher sedentary time in the older age group as a conse-
quence of home schooling. Younger children with T1D may 
have been supervised by their parents more closely even 
before the pandemic, so that differences of BMI-SDS were 
not as obvious as in children aged ≥ 12 years.

During the pandemic, an increase in screen time and sed-
entary behavior as well as a decrease in physical activity in 
children has been observed in previous analyses [28–31]. 
Of note, screen time before the pandemic negatively corre-
lated with physical activity during phases of social isolation 
in German youth [32]. Sedentary behavior may negatively 
influence metabolic control in youth with T1D [33]. Moreo-
ver, disordered eating behavior of youth with T1D increased 
during the pandemic [34]. A decrease in physical activity 
and altered nutrition possibly caused the observed weight 
gain in our cohort. Diabetes care teams should encourage 
patients to stay physically active and should counsel them 
regarding their eating behavior and their screen time hab-
its. This may—however—not be sufficient to counteract the 
increase in sedentary behavior; more systematic programs 
fostering physical activity in children’s and adolescents’ 
daily life may be necessary [35–38]. In this study, we com-
pared BMI during the pandemic with the year 2019, and 
therefore, longer-term pre-pandemic trends in weight gain 
cannot be excluded.

Apparently, patients and their families were well able 
to maintain stable glycemic control during the pandemic. 
Besides clinical face-to-face visits, telemedicine contacts 
and the possibility of remote assistance by diabetes care 
teams may also have contributed to stability of metabolic 
control. The increase in CGM usage during the pandemic 
may have been an important precondition for the observed 
stability of glycemic control in phases of social isolation 
with reduced clinic visits [16, 39, 40].

During the pandemic, telemedicine usage for routine 
diabetes care rapidly increased in different countries [40], 
which may have caused difficulties in obtaining optimal care 
for some patients. Besides limited availability of electronic 
devices, a language barrier may pose an obstacle for remote 
visits, as observed in Spanish-speaking families in the USA 
[13, 14]. This was—however—not observed in our cohort, 
where patients with a migratory background had a slightly 
higher number of visits before and throughout the pandemic. 
Apparently, patients with a migratory background and dia-
betes care teams rapidly adapted to phases of social isola-
tion. It has been observed before that patients with language 
barriers rapidly adapted to telemedicine visits once they had 
experience with video consultations [13]. To guarantee opti-
mal care during phases of social isolation, patients for whom 
a very low number of visits are recognized should be con-
vinced to visit their diabetes care team in future lockdown 
situations.
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Our study has several limitations. Certainly, there is a 
pre-selection of patients who visited diabetes teams in the 
time of very strict contact restrictions. Especially patients 
who lost contact with their diabetes teams may have had 
worse glycemic control than those who remained in regular 
care. However, demographic data did not differ relevantly 

between patients seen in the various time segments, and the 
proportion of documented and expected patients in the DPV 
registry in the years 2019, 2020, and 2021 was similar. We 
included HbA1c estimates based on TiR measurements to 
reduce a potential bias by excluding patients with telemedi-
cine contacts only.
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A strength of our study is the conception as a population-
based study with a very high number of pediatric patients 
with T1D from Germany. Moreover, rather than including 
a subgroup of patients in a clinical study, our analyses are 
based on real-world data derived from documented routine 
care, which also makes our study robust and significant. 
Most of the previous analyses of metabolic control in youth 
with T1D during the SARS-CoV2 pandemic cover only the 
first months after onset of the pandemic, whereas this analy-
sis includes data of the first two years of the pandemic.

In summary, data from a population-based cohort of 
33,372 pediatric patients with T1D treated in Germany show 
no clinically relevant change of glycemic control, namely 
no relevant increase of CGI values, and no relevant increase 
in acute complications of T1D during the first two years of 
the pandemic compared to the preceding year 2019. How-
ever, the observed increase in BMI-SDS may represent an 
important health risk, especially for adolescents with T1D, 
so strategies to increase physical activity even under pan-
demic conditions and teaching healthy eating habits need 
to be strengthened.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00592- 023- 02050-x.
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