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Abstract

Background: The diverse stages of the COVID-19 pandemic led to several

social circumstances that influenced daily life and health behavior.

Purpose: To evaluate changes in cardiovascular risk factors and physical activ-

ity among children and young adults with type 1 diabetes (T1D) during the

COVID-19 pandemic in Germany compared to previous years.

Methods: A total of 32 785 individuals aged 6–21 years at baseline with T1D

from the German diabetes patient follow-up (DPV) registry contributed data on

101 484 person-years between 2016 and 2021. The first treatment year of each
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individual within this period was considered as baseline. Based on trends from

2016 to 2019, we estimated differences in body mass index-SD score (BMI-SDS),

blood pressure (BP-SDS), and lipid levels (non-high-density lipoprotein [non-

HDL]) between observed and predicted estimates for the years 2020 and 2021

using linear regression analysis standardized for age, diabetes duration, sex, and

migratory background. The proportion doing organized sports and smoking ciga-

rettes was analyzed using multivariable logistic regression models.

Results: BMI-SDS increased constantly from 2016 to 2021 without a signifi-

cant increase above expected values for 2020/2021. Systolic BP-SDS (difference

observed vs. expected with 95% confidence interval, 2020: 0.10 [0.07–0.14],
2021: 0.17 [0.14–0.20]) and non-HDL (2020: 2.7 [1.3–4.1] mg/dl, 2021: 4.1 [2.7–
5.5] mg/dl) were significantly increased (all p < .001) in both pandemic years.

The proportion of subjects participating in organized sports was reduced from

over 70% in prepandemic years to 35%–65% in diverse stages/waves of the

COVID-19 pandemic. The percentage smoking cigarettes did not change.

Conclusions: We describe an increase in BP and atherogenic lipid levels coin-

ciding with a reduction in physical activity but no acceleration of the prepan-

demic increases in BMI-SDS among young people with T1D during the

COVID-19 pandemic.

KEYWORD S
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Highlights

• Cardiovascular risk factors worsened during COVID-19 in young people

with type 1 diabetes.

• Blood pressure and atherogenic lipid levels were higher in 2020/2021 than

expected.

• No further boost in 2020 and 2021 of the preexisting increase in body mass

index-SD score.

• A reduction in organized sports but no change in smoking behavior was

observed.

1 | INTRODUCTION

Physical activity during childhood and adolescence is
inversely associated with several cardiovascular risk fac-
tors. There is evidence that in children aged 4–18 years,
systolic blood pressure (BP), waist circumference, triglyc-
erides (TG), and high-density lipoprotein (HDL) can ben-
efit from moderate to vigorous physical activity.1 In
children and adolescents with type 1 diabetes (T1D),
physical activity can improve low-density lipoprotein
(LDL), TG, diastolic BP, and hemoglobin A1c (HbA1c).2

Smoking is another important lifestyle factor related to
cardiovascular risk in children and adolescents, espe-
cially in those with diabetes.3,4

The COVID-19 pandemic caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) reached
Germany in February 2020, leading to a first nationwide
lockdown from March to May and subsequent additional
governmental health measures to contain the pandemic.
The incidences of COVID-19 fell during the summer
months (June to September), but increased dramatically
in a second (October 2020 to February 2021) and consec-
utive third wave (March to May 2021). Again, during
summer 2021 the COVID-19 incidence was relatively low
and increased again since October 2021.5,6

The fear of infection with COVID-19 as well as the
temporary closure of schools, sports clubs, and other pub-
lic institutions led to isolation and lifestyle changes,

16 ECKERT ET AL.

 17530407, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1753-0407.13340 by A

lbert-L
udw

igs-U
niversität, W

iley O
nline L

ibrary on [01/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



especially a reduction of physical activity in children and
adolescents worldwide, most pronounced especially dur-
ing the first lockdown in 2020.7–9 According to a recent
meta-analysis, a reduction in physical activity during the
COVID-19 pandemic was observed in several countries.10

This could have led to long-lasting health issues such as
an increase in cardiovascular risk factors. However, in
Germany, only organized sports were reduced during the
first lockdown, together with an increase in sedentary time
and the use of media during leisure time, but higher
physical activity due to unorganized sports such as playing
outdoors was observed in children.11 Further, there seemed
to be remarkable differences regarding socioeconomic
factors enabling children with better housing situations to
engage in more habitual physical activity.12

Children and adolescents with T1D are particularly at
risk for hypertension, dyslipidemia, increased periaortic
fat thickness,13 and accelerated atherosclerosis.14 Many
studies concentrated on glycemic control in children and
adolescents with T1D during the COVID-19-related lock-
down, reporting worse or stable HbA1c,15,16 but data on
cardiovascular risk, especially on BP and lipids during
the pandemic, are still scarce.

The aim of this study was to evaluate changes in BP,
serum lipids, physical activity, and smoking behavior in
young individuals with T1D during the COVID-19 pan-
demic in Germany compared to previous years, based on
data from a German diabetes patient registry.

2 | MATERIALS AND METHODS

2.1 | Data collection

This analysis is based on data from the prospective, multi-
center diabetes patient follow-up registry (DPV, Diabetes-
Patienten-Verlaufsdokumentation), which is a standardized
electronic health record developed at the Institute of Epide-
miology and Medical Biometry, Ulm University, Germany.17

The initiative and the analysis of anonymized data was
approved by the Ethics Committee of Ulm University
(approval number: 314/21) as well as by local review boards.

A total of 512 diabetes centers from Germany,
Austria, Switzerland, and Luxembourg provided pseu-
donymized data on diabetes treatment and outcome to
the registry until March 2022. Because of differences in
societal responses among countries, only 300 German
centers were included in this report, representing an
estimated coverage of about 90% of children with dia-
betes in Germany.18 The transmitted data are checked
for inconsistency or implausibility and reported back
to the respective centers for correction, if necessary.

2.2 | Participants and evaluation periods

German individuals recorded in the DPV initiative were
included if they had documented data at least in 1 year
between 2016 and 2021 (Figure 1). The first year of each
individual during this time frame was considered as base-
line. The six treatment years were further divided into
four periods according to the course of the COVID-19
pandemic and associated policy measures in 2020 and
2021 in Germany to allow detailed analysis of lifestyle
factors and treatment with antihypertensive or lipid-
lowering medication. Therefore, January and February
were defined as period 1, before COVID-19 in 2020.
March to May was determined as period 2, representing
the first wave of COVID-19 and the first lockdown in
2020; June to September was defined as period 3 (sum-
mer) with lower COVID-19 cases in both years; October
to December was set as period 4, representing the
increasing COVID-19 incidences in Germany in both
years.

Data were aggregated for each individual and year for
analysis of the main outcomes body mass index (BMI),
BP, and lipid values. Additionally, data were aggregated
for each individual, year and the aforementioned period
to analyze lifestyle factors. Therefore, all participants
contributed data in 1–6 years and in 1–24 observation
intervals (years*periods) to this analysis. Further inclu-
sion criteria were a clinical diagnosis of T1D, age at base-
line 6 ≤ 21 years and available data on systolic/diastolic
BP, BMI, and organized sports in at least 1 year
(Figure 1). If an individual had data on all outcomes for
some, but not all years/observation intervals, observation
intervals with missing data were omitted. A subgroup of
individuals with available data on lipid values (total cho-
lesterol [TC], TG, LDL, HDL) in at least 1 year was built
for a separate analysis (Figure 1).

2.3 | Patient data

For height, weight, BMI, and BP, SD scores (SDS) based
on German reference values were used (anthropometry:
AGA (Consortium of Obesity in Childhood and Adoles-
cence as part of the German Obesity),19 blood pressure:
KiGGS (German Health Interview and Examination Sur-
vey for Children and Adolescents).20 Lipid values were
converted to mg/dl. Non-HDL was calculated as TC
minus HDL and remnant cholesterol (RC) as TC minus
LDL and HDL. HbA1c values were standardized to the
Diabetes Control and Complications Trial reference
range of 4.05%–6.05% (20.7–42.6 mmol/mol) using the
multiple of the mean transformation method to account

ECKERT ET AL. 17
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FIGURE 1 Legend on next page.
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for different laboratory methods.21 Physical activity was
defined as organized/club sports (individual exercise at
home was not included).22 Unfortunately, data on the
sedentary time and the use of media was not available.
Smoking was defined as current smoking of cigarettes
(yes/no). Missing data were set as no smoking. Migratory
background was defined as the patient or at least one of
his/her parents born outside of Germany.

2.4 | Statistical analysis

All statistical analyses were generated using SAS
(Statistical Analysis Software, SAS Institute Inc., Cary,
NC, USA) Version 9.4, Built M7, on a Windows Server
2016 mainframe. Descriptive statistics were performed
for all patients at baseline. The results are shown as
median with quartiles for continuous variables and as
proportions for binary variables.

The proportions of individuals doing organized
sports, smoking cigarettes, with prescribed antihyperten-
sive or lipid-lowering medication as well as the propor-
tion with overweight or obesity (BMI-SDS ≥ 90th
percentile, representing an SDS value ≥ 1.28) and with
obesity (BMI-SDS ≥ 97th percentile, representing an SDS
value ≥ 1.88) by year and period were analyzed using
multivariable logistic regression models adjusted for age
groups (6–11, >11–16, >16–21 years at baseline), sex, dia-
betes duration groups (≤2, >2–6, >6 years at baseline),
and migratory background. To consider repeated mea-
surements of individuals that contributed more than one
observation interval, a random effect (random residual
for each subject) for the period*year-interaction was
implemented with a first-order autoregressive
covariance structure and an optimization technique of
Newton–Raphson with ridging.

To analyze deviations of the respective outcome dur-
ing the COVID-19 pandemic (years 2020 and 2021) com-
pared to predicted levels based on the prepandemic years
(2016–2019), we first applied multivariable linear trend
regression models from 2016 to 2019 for BMI, systolic
and diastolic BP, and lipid levels (TC, LDL, HDL, non-
HDL, RC, and TG). Independent variables were
treatment year (continuous), age groups, and diabetes
duration groups at baseline, sex, and migratory back-
ground. Again, repeated measurements of individuals
with data from more than 1 year were considered with a

random effect of each subject for treatment years. Based
on these trend models, we predicted the outcomes for
2016 to 2021, standardized for the aforementioned con-
founders. Second, a linear regression model with the
same standardization, but the year as a categorial term
was used to estimate the observed outcome levels for
each year (2016–2021). Third, a linear regression model
that included a binary variable indicating observed and
predicted data as independent variables was applied to
compare the observed with the predicted outcome levels.
As a measure of deviation, the difference between these
observed and predicted outcome levels was estimated as
the standardized difference with the corresponding 95%
confidence intervals (CI) and two-sided p values from the
Wald test. Sensitivity analysis was conducted with further
adjustment for BMI-SDS groups (</≥ 90th percentile)
and the proportion with antihypertensive medication (for
systolic and diastolic BP) or the proportion with lipid-
lowering medication (for lipid levels). We additionally
analyzed non-HDL only in individuals with good glyce-
mic control (HbA1c <7.5%). Two-sided p < .05 indicated
a significant difference.

3 | RESULTS

3.1 | Study population

Among all individuals registered in DPV, 32 785 were
aged 6 ≤ 21 years at baseline, had a diagnosis of T1D,
were from Germany, and fulfilled the inclusion cri-
teria. These individuals provided a total of 101 484
patient-years. Figure 1 gives an overview on the inclu-
sion criteria and the number of patients and observa-
tion intervals.

Included individuals had a median age at baseline of
12.8 [9.5; 15.5] years with 53% being male and 25% hav-
ing a migratory background, and 76% were physically
active. Table 1 displays further characteristics at baseline.

3.2 | Cardiovascular risk factors by
treatment year

Yearly analysis of cardiovascular risk factors showed an
ongoing trend in BMI-SDS increase from 2016 to 2021,
but no further worsening during the COVID-19

FIGURE 1 Inclusion and exclusion criteria of study population. Intervals = number of all observation intervals included in the analysis

(1–24 per participant); lipid levels include total cholesterol, low-density lipoprotein, high density lipoprotein (HDL), non-HDL, remnant

cholesterol, triglycerides. Baseline = first treatment year per patient from 2016–2021. BMI, body mass index (as SD score). BP, blood

pressure (systolic and diastolic, as SD score). DPV, Diabetes-Patienten-Verlaufsdokumentation.
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pandemic in 2020 or 2021 (Figure 2A). Nevertheless, sys-
tolic BP was higher in 2020 and in 2021 than expected
(standardized difference with 95% CI, observed
vs. expected: 2020: 0.10 [0.07; 0.14], p = .001 and 2021:
0.17 [0.14; 0.20, p = .001]). This implies an increase of
15% (2020) and 25% (2021) compared to the expected sys-
tolic BP. Similar results could be observed for diastolic
BP with an increase of 13%/12% compared to expected
diastolic BP in 2020 and 2021, despite a previously
increasing trend since 2016 (Figure 2B,C and Table 2).
This increase in BP was still significant, even with further
adjustment for BMI-SDS and for antihypertensive treat-
ment (Figure S1).

For lipid levels, we detected higher observed vs. expected
values for total cholesterol, non-HDL (difference observed
vs. expected in 2020: 2.7 [1.3; 4.1] mg/dl, p < .001 and in
2021: 4.1 [2.7; 5.5] mg/dl, p < .001), and RC (Figure 2E/H/I
and Table 2) but not for TG or LDL (Figure 2D,F and
Table 2). HDL was also significantly increased in both years
(Figure 2G and Table 2). Again, these results persisted with
further adjustment for BMI-SDS and lipid-lowering medica-
tion (Figure S1). An increase in non-HDL was also detected
in a subgroup with well-controlled HbA1c (<7.5%,
Figure S1H). Figure 2 and Table 2 show the trend from 2016
to 2019 as well as the standardized differences between
observed and expected values for all outcomes.

TABLE 1 Patient characteristics at

baseline, N = 32 785.
Characteristic Missing (N) % Median Q1 Q3

Sex (% male) 52.8

Age (years) 12.8 9.5 15.5

Diabetes duration (years) 2.9 0.8 6.2

Height-SDS 0.1 �0.6 0.7

Weight-SDS 0.4 �0.2 1.1

BMI-SDS 0.4 �0.2 1.1

Doing organized sports 76.1

Smoking cigarettes 3.2

HbA1c (%) 280 7.4 6.6 8.2

HbA1c (mmol/mol) 280 57 49 66

Systolic BP (mmHg) 115 107 124

Systolic BP (SDS) 0.7 �0.0 1.4

Diastolic BP (mmHg) 68 62 74

Diastolic BP (SDS) 0.3 �0.4 1.0

Hypertension 3.8

Antihypertensive medication 1.4

Total cholesterol (mg/dl) 14 206 170 151 192

LDL (mg/dl) 15 181 94 77 113

HDL (mg/dl 15 116 62 52 72

Non-HDL (mg/dl) 15 439 106 89 127

Remnant cholesterol (mg/dl)a 15 664 12 6 19

Triglycerides (mg/dl) 14 915 89 62 129

Fasting triglycerides (mg/dl) 29 506 76 54 115

Proportion TG fastingb 14 915 18.4

Dyslipidemia 13 834 24.3

Non-HDL > 140 mg/dl 15 439 15.4

Lipid-lowering medication 0.4

Abbreviations: BMI, body-mass index; BP, blood pressure; HbA1c, Hemoglobin A1c; HDL, high density
lipoprotein; LDL, low density lipoprotein; Q1, lower quartile; Q3, upper quartile; SDS, SD score, reference
AGA (height, weight, BMI) or KiGGS (systolic/diastolic blood pressure); TG, triglycerides.
aRemnant cholesterol = Total cholesterol � (LDL + HDL).
bProportion of TG measurements that were performed fasting.

20 ECKERT ET AL.
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3.3 | Results by year and period

The analysis by year and period revealed a significant (all
p < .001) decrease in the proportion of children and ado-
lescents doing organized sports at least once per week
starting in March 2020, from constantly over 70% in
the prepandemic observation periods to 35%–65% dur-
ing the diverse periods of the COVID-19 pandemic in
2020 and 2021 (Figure 3A). The proportion of children
and young adults smoking cigarettes stayed relatively
stable since 2016; only during summer 2021, an
increase was observed (Figure 3B). The percentage
with prescribed antihypertensive and lipid-lowering

medication (Figures 3C,D) as well as the proportions
of individuals with overweight and with obesity
(Figures 3E,F) constantly increased from 2016 to 2021
without a clear acceleration in the two pandemic
years.

4 | DISCUSSION

We found significantly elevated systolic and diastolic
blood pressure and higher atherogenic lipid levels dur-
ing the COVID-19 pandemic in Germany compared to
the expected values based on trend analyses from the

FIGURE 2 Cardiovascular risk factors, observed and predicted values from 2016 to 2021. Circles with vertical bars represent

standardized estimates with 95% CI, solid lines with bands represent standardized trend estimates with 95% CI estimated from linear trend

regression models. All models were standardized for age at baseline, sex, diabetes duration at baseline and migration background. BMI, body

mass index; BP, blood pressure; CI, confidence interval; HDL, high density lipoprotein; LDL, low density lipoprotein; SDS, SD score; TG,

triglycerides.

ECKERT ET AL. 21
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years 2016–2019. This increase coincided with a reduc-
tion in the proportion of children and young adults
with T1D doing organized sports, but no remarkable

differences in the proportion smoking cigarettes
and no acceleration of the prepandemic increase in
BMI-SDS.

TABLE 2 Cardiovascular risk factors, trend 2016–2019 and standardized difference between observed and expected values for 2020

and 2021.

Outcome
Trend 2016–2019
(change per year)

Difference observed
vs. expected, 2020

Difference observed
vs. expected, 2021

BMI-SDS 0.03 (0.02; 0.03), p < .001 0.01 (�0.02; 0.04), p = .308 0.02 (�0.01; 0.05), p = .308

Systolic BP-SDS �0.009 (�0.015; �0.003), p = .005 0.10 (0.07; 0.14), p < .001 0.17 (0.14; 0.20), p < .001

Diastolic BP-SDS 0.06 (0.06; 0.07), p < .001 0.06 (0.03; 0.10), p < .001 0.07 (0.04; 0.10), p < .001

TG (mg/dl) 0.5 (�0.1; 1.1), p = 0.075 0.7 (�2.1; 3.4), p = .999 �0.7 (�3.4; 2.0), p = .999

Total cholesterol (mg/dl) �1.4 (�1.7; �1.1), p < .001 3.7 (2.2; 5.2), p < 0.001 6.2 (4.8; 7.7), p < .001

LDL (mg/dl) �0.18 (�0.04; �0.40), p = .102 1.2 (0.1; 2.3), p = .028 0.7 (�0.3; 1.8), p = .121

HDL (mg/dl) �0.9 (�1.1; �0.8), p < .001 1.1 (0.5; 1.6), p < .001 2.2 (1.7; 2.7), p < .001

Non-HDL (mg/dl) �0.5 (�0.8; �0.2), p < .001 2.7 (1.3; 4.1), p < .001 4.1 (2.7; 5.5), p < .001

Remnant cholesterol (mg/dl) �0.7 (�0.8; �0.5), p < .001 1.5 (0.7; 2.3), p < .001 3.3 (2.5; 4.1), p < .001

Note: The trend 2016–2019 describes the estimated change per year in the respective unit (SDS or mg/dl), standardized for age groups at baseline, sex, diabetes
duration at baseline, and migration background. Estimated differences between observed and expected (based on trend 2016–2019) values are presented in the
same unit and standardized for the same variables.
Abbreviations: BMI, body-mass index; BP, blood pressure, HDL, high density lipoprotein; LDL, low density lipoprotein; SDS, SD score; TG, triglycerides.

FIGURE 3 Proportion (%) of lifestyle factors and prescribed medication by year and period. Shown are results from multivariable

regression models, adjusted for age, sex, diabetes duration, and migratory background, with random effect for repeated measurements.

Outcomes are (A) organized sports, (B) smoking cigarettes, (C) with prescribed antihypertensive medication, (D) with prescribed lipid-

lowering medication, with overweight or obesity defined as BMI-SDS ≥90th percentile (E), with obesity defined as BMI-SDS ≥97th
percentile (F). Missing values on smoking were assumed as no smoking. Excluding these missing data provided similar results, data not

shown). BMI-SDS, body mass index-SD score.
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BMI-SDS rose constantly from 2016 to 2021, but
there was no significantly higher increase in 2020 or
2021 than expected from the previous years. Therefore,
no additional deterioration due to the lockdown
periods and the pandemic itself on BMI-SDS can be
postulated by now. A study on children with T1D from
India found no worsening in BMI z scores as well,23

whereas another study found increased body weight
and BMI in pediatric T1D already during the first lock-
down.15 However, these studies did not account for the
preexisting trend and only compared BMI at a certain
point of time before the pandemic and during the lock-
down. This approach seems to be problematic as we
discovered an increase in BMI-SDS in young individ-
uals with diabetes that occurred even before the begin-
ning of COVID-19. A Korean study group analyzed this
BMI-SDS trend over 15 years in children (with no
regard to diabetes) and detected a constant increase in
BMI-SDS over this time span but the increase from
2019 to 2020 was smaller than the prepandemic
increases per year24 which supports our results on a
preexisting trend. Another limitation in the evaluation
of BMI prepandemic and during the pandemic that
must be kept in mind is the definition of BMI itself.
Because BMI is only the ratio of body weight and
squared body height, there could have been body fat
independent changes, for example, lower muscle mass
due to the decrease in physical activity, that might
have limited the increase in body weight and therefore
BMI during the COVID-19 period, which does not
exclude a worse body fat percentage or composition.

Higher BP (systolic and diastolic) in 2020 and 2021
compared to previous years goes parallel with the
decrease in the proportion of individuals being physically
active during the COVID-19 pandemic so far. This is not
surprising because physical activity can improve BP
within hours25 as well as reduce hypertension in children
with obesity.26 Therefore, inactivity might lead to higher
BP in the long term. It is even suggested that the positive
effects of physical activity on BP can be negated with
excessive sedentary time.27 Unfortunately, there are still
only few studies describing the association of the
COVID-19 pandemic with BP in children. A Chinese
work group found elevated BP in children during the
COVID-19 quarantine,28 but studies on children with dia-
betes are scarce. It must be mentioned that other factors
are likely to contribute to this increase in BP during the
pandemic, such as stress, anxiety, or other psychological
effects, as well as dietary habits that might have changed
at least during the lockdown periods.

As TC, HDL, and non-HDL were significantly higher
in 2020 and 2021 than expected from the previous trend
since 2016, one might assume that the detrimental (non-

HDL) and beneficial (HDL) effects could negate each
other. However, it is discussed in the literature that an
increase in non-HDL as marker of the combined athero-
genic lipids might be most important, especially in people
with diabetes.29,30 It is further suspected that remnant
cholesterol might be another important marker for car-
diovascular risk independently from traditional risk fac-
tors such as LDL31 and that HDL might have a U-shaped
– rather than a linear – association with cardiovascular
risk.32 This is confirmed by a recent cohort study from
the United Kingdom that identified very high HDL levels
being associated with mortality in people with coronary
artery disease.33 We, therefore, assume that the elevated
levels of non-HDL and RC could lead to a more athero-
genic lipid profile during the COVID-19 pandemic,
despite the potentially beneficial effect of increasing
HDL. This effect seems to be independent of weight sta-
tus, as neither BMI-SDS itself was higher than expected
in 2020/2021 nor adjustment for BMI-SDS changed these
results. This would be in line with another observational
study that found higher lipid values, but no significant
changes in BMI z-scores in young people with T1D aged
2–21 years.34 The shown development of hypertension
and dyslipidemia depicts the need for early detection and
adequate treatment of these cardiovascular risk factors in
young people with T1D, because it is known that the
management, especially of dyslipidemia, is suboptimal in
adults with type 1 and type 2 diabetes35,36 The increase of
atherogenic lipid levels, namely non-HDL, was although
to a lower extent than in the whole study cohort also pre-
sent in well controlled individuals with HbA1c <7.5%
suggesting that this development does not only affect
children and adolescents with worse glycemic control.

Owing to the closure of schools and sports clubs, the
proportion of children and young adults with T1D doing
organized sports decreased from over 70% in previous
years to 35% at the beginning of 2021, recovering to about
65% at the end of 2021. Several previous studies have
reported a worrying decline in physical activity in chil-
dren and adolescents with and without diabetes.8,37,38 In
regard to a recent meta-analysis we have to assume that
not only the percentage of individuals doing organized
sports but also the amount of physical activity, especially
with high intensity, was lower.10 As in the DPV registry,
only club sports are accurately documented, children
might have played outdoors to a higher extent, adoles-
cents and young adults could have performed at-home
exercises or increased their habitual physical activity as
suggested by a study on children during the first lock-
down in Germany.39 However, mostly children with good
socioeconomic status had the opportunity to compensate
the loss of organized sports by being habitually active.12

It is known that during summer 2020, some sports
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facilities in European countries reopened occasionally,
but most of them closed again in winter 2020/2021 result-
ing in an even higher decline in physical activity.40 This
is in line with our findings on a short recovery in the pro-
portion of doing organized sports from June to September
2020, followed by the lowest proportion in January and
February 2021.

Smoking behavior did not reveal remarkable differ-
ences during the COVID-19 pandemic compared to previ-
ous years. Other studies found quite varying lifestyle
changes during the first wave of COVID-19.41,42 It might
be individually different how to respond to a challenging
situation with fear of infection and reduced peer interac-
tion due to social distancing but also the possibility to
structure one's life in a healthier way, for example,
because of more control over smoking behavior of the
children and better dietary habits because the parents
worked partly at home and therefore had more time to
provide healthier food.

The strength of this study was that >30 000 chil-
dren and young adults with T1D, providing data on
over 100 000 patient years between 2016 and 2021,
could be analyzed, and therefore, reliable results were
generated on the change in markers for cardiovascular
risk, physical activity and lifestyle factors during the
COVID-19 pandemic compared to previous years. It is
an important approach to take the preexisting trends of
these risk factors into account to minimize error-prone
interpretations that could emerge when only a single
time point before the pandemic is compared with a
second time point within the COVID-19 pandemic.
Nevertheless, there are some limitations: In this diabe-
tes patient registry, only data on organized sports were
accurately documented. It is, therefore, possible, that
some individuals conducted exercises at home as a
reaction to the closure of sport clubs. For this reason, we
confined ourselves to analyzing the proportion of children
and young adults reporting any physical activity by period as
documented in the DPV data set. Unfortunately, no data on
sedentary time and use of media were available. Further,
some patients might not (or less frequently) have seen their
diabetologists during the pandemic, which might have led to
bias in the population before and within the pandemic. We
tried to consider this by analyzing aggregated data per year
for the main outcomes, as it is likely that children and young
adults with diabetes had at least one visit per year, even
during the two pandemic years. It must be stated that our
data cannot provide causality; we can only speculate about
underlying reasons.

Taken together, we assume that there is a worsening
in BP and lipid profile present over a period of 2 years by
now in this already vulnerable and young population
with T1D. This deterioration in cardiovascular risk

factors seems to be independent of the ongoing increase
in BMI-SDS. Cigarette smoking is assumingly not
strongly associated with the increase in BP and lipid
values during the COVID-19 pandemic. The reduced
physical activity together with increased sedentary time,
dietary habits, and psychological as well as socioeco-
nomic aspects might be more important for this develop-
ment. Although organized sports seemed to go back to
near normal availability by the end of 2021, the differ-
ences between observed and predicted BP and non-HDL
were even higher in 2021 than in 2020. Therefore, it will
be important to follow these individuals in future studies
to investigate how cardiovascular outcomes develop dur-
ing the ongoing pandemic.
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