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ABSTRACT

Aims: Cardiovascular disease (CVD) is a major contributor to premature morbidity and mortality in individuals with type
1 diabetes (T1DM). Glycaemic control often deteriorates during the transition from paediatric to adult care, and thus we as-
sessed the prevalence and pharmacological management of overt and actionable modifiable cardiovascular risk factors in adoles-
cents and young adults with paediatric-onset TIDM. We examined factors associated with risk burden and early microvascular
complications.

Methods: We analysed data from 7298 individuals aged 17-26 years with paediatric-onset TIDM and > 2years diabetes duration
in the DPV registry between 2020 and 2023. Five predefined CVD risk factors were assessed (HbAlc > 9%, obesity, elevated blood
pressure, LDL >130mg/dL, smoking), using median values over a 3-year observation period. Factors associated with cumulative
risk burden and associations with retinopathy and microalbuminuria were evaluated using multivariable linear and logistic
regression models.

Results: At least one CVD risk factor was present in 49.2% of individuals; 19.1% had >2 and 5.2% > 3 risk factors. Poor glycaemic
control, defined as HbAlc > 9% (21.8%) and elevated blood pressure (17.6%) was most frequent. CVD risk factor burden was asso-
ciated with diabetes duration > 10years and migration background. The likelihood of microalbuminuria increased progressively
with the number of CVD risk factors, with an odds ratio of 2.68 (95% CI: 1.34-5.36) among individuals with four risk factors.
Within this high-risk cohort, significant indication-treatment gaps remained: only 9.9% with overtly elevated LDL cholesterol
>130mg/dL and 19.8% with hypertension >140/90 mmHg received medication.
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Conclusions: Young adults with paediatric-onset TIDM show a high burden of modifiable CVD risk factors with substantial

treatment gaps, and clustering is associated with microvascular complications. Early identification and targeted intervention are

critical to mitigating long-term vascular damage.

1 | Introduction

Type 1 diabetes mellitus (T1DM) is one of the most common
chronic metabolic disorders in childhood and adolescence, af-
fecting approximately 8.5 million individuals worldwide, in-
cluding 1.5 million people under the age of 20 [1, 2]. Although
advancements in diabetes care have significantly improved life
expectancy, individuals with T1DM still face an increased risk
of premature morbidity and mortality, predominantly because
of cardiovascular disease (CVD). Epidemiological studies have
shown that people with TIDM have a 2- to 5-fold increased risk
of death, with CVD being a major contributing factor [3-9]. The
younger the age at onset, the greater the excess mortality risk.
Individuals diagnosed with T1DM before the age of 10 experi-
ence a significant reduction in life expectancy, with men los-
ing 14.2years and women losing 17.7years [4]. Although even
HbAIc levels below the recommended guideline threshold of
7.0% (53 mmol/mol) are associated with at least a twofold in-
creased risk of death from any cause or from cardiovascular
causes [10], recent large-scale epidemiological studies suggest
that cardiometabolic risk factors, such as poor glycaemic con-
trol, hypertension, dyslipidaemia, smoking and albuminuria are
the strongest factors associated with mortality and CVD among
individuals with T1DM [3, 11]. A Mendelian randomisation
study found that, after adjusting for confounding factors such as
hypertension and dyslipidaemia, TIDM remained significantly
associated only with atherosclerosis, whereas no direct causal
relationship was observed with other CVDs, including myocar-
dial infarction, stroke and coronary artery disease [12]. In line
with these findings, controlling modifiable risk factors in indi-
viduals with T1DM is strongly associated with a reduced risk of
cardiovascular (CV) events and mortality [3, 11, 13].

Adolescence and early adulthood represent a critical window for
the emergence and accumulation of cardiometabolic risk. During
this time, diabetes care shifts from being predominantly parent-
or caregiver-directed to being self-managed, requiring increased
autonomy, responsibility and engagement from the affected indi-
vidual [14, 15]. This developmental period, including the transition
from paediatric to adult health care, is often marked by gaps in
care, poor treatment adherence, and deteriorating glycaemic con-
trol, with HbA1c levels often exceeding guideline-recommended
targets [16-20]. At the same time, traditional CVD risk factors,
such as hypertension, dyslipidaemia, obesity, smoking and alcohol
use, begin to surface [21, 22]. Despite the well-documented role of
these risk factors in driving CVD-related morbidity, studies sug-
gest that their awareness and management in individuals with
T1DM remain insufficient [23-28]. In this study, we assessed the
prevalence and management of modifiable, preventable CVD risk
factors in adolescents and young adults with T1DM, using data
from the Diabetes Prospective Follow-Up (DPV) registry. This
analysis aimed to identify individuals clearly exceeding clinically
relevant CVD risk thresholds, regardless of whether pharmacolog-
ical treatment had been initiated.

2 | Materials and Methods
2.1 | Data Source and Study Population

Data were obtained from the DPV registry, a multicentre initia-
tive that prospectively collects demographic and clinical data of
individuals with all types of diabetes across Germany, Austria,
Switzerland and Luxembourg. Participating centres, covering
all levels of care, submit anonymised patient data biannually
to the University of Ulm, Germany, where data are centrally
aggregated and analysed. As of March 2024, the DPV registry
included 699105 individuals with any form of diabetes melli-
tus. The registry provides high coverage of the target popula-
tion, capturing an estimated >90% of paediatric individuals and
>70% of young adult individuals with TIDM in Germany [29].
In total, more than 500 centres actively contribute to the regis-
try. In the present analysis, anonymised data from 356 centres
were included. The DPV initiative and the analysis of anony-
mised data on quality of care are approved by the ethics com-
mittee of the University of Ulm (reference no. 314/21) and by
local review boards of the participating centres.

We included individuals with a clinical diagnosis of T1IDM who
were aged 17-26years with diabetes onset before the age of
17years (paediatric-onset) and a diabetes duration of more than
2years. The analysis included data from the treatment years
2020-2023 to reflect contemporary clinical practice and current
data availability. Only individuals with documented smoking
status, binary sex assignment (male/female), and available data
across all five predefined CVD risk domains were included. The
final study population comprised 7298 individuals (Figure S1).

2.2 | Demographic and Clinical Variables

Demographic and clinical data were extracted from the DPV
registry including age, sex, age at diabetes onset, diabetes
duration, migration background, HbAlc, body mass index
(BMI), systolic and diastolic blood pressure (BP), lipid pro-
files (total cholesterol, LDL-, HDL- and non-HDL-cholesterol,
triglycerides), frequency of microalbuminuria, presence of
diabetic retinopathy, and use of antihypertensive or lipid-
lowering medications. Documented medication use reflects
physician-reported prescriptions at the most recent visit and
does not include information about adherence, dispensing, or
treatment duration. BMI was calculated as body weight kg di-
vided by the square of body height m (kg/m?). HbAlc values
were mathematically standardised to the Diabetes Control and
Complications Trial (DCCT) reference range (4.05%-6.05%)
using the multiple-of-the-mean method to ensure compa-
rability across centres. Laboratory parameters were consid-
ered comparable due to national quality standards (RiliBAK,
guidelines of the German Medical Association for quality as-
surance in laboratory medicine) and systematic participation
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in external proficiency testing. A positive migration back-
ground was defined as the patient or at least one parent born
outside of Germany, Austria, Switzerland or Luxembourg.

The five predefined modifiable CVD risk factors were poor
glycaemic control (HbAlc >9.0%; 75 mmol/mol), obesity (BMI
>30kg/m?), dyslipidaemia (median LDL cholesterol >130mg/
dL), smoking and elevated BP. Two cut-offs for BP are reported:
elevated BP was defined as a median systolic BP >130mmHg
or diastolic BP >80mmHg, whereas arterial hypertension war-
ranting pharmacological treatment was defined as a median sys-
tolic BP >140mmHg or diastolic BP >90mmHg, with medians
calculated over the 3-year observation period. Information about
e-cigarette or vaping product use was not available. All five risk
factors were evaluated after the remission phase (i.e., diabetes
duration of more than 2years). Retinopathy was documented as
the physician-reported presence of non-proliferative or prolifer-
ative diabetic retinopathy. Microalbuminuria was defined as a
median urinary albumin-to-creatinine ratio >30mg/g creati-
nine across all available measurements, as a pragmatic approxi-
mation of guideline-based definitions of persistent albuminuria.
In addition to assessing the prevalence of CVD risk factors, we
evaluated the use of pharmacological therapies in individuals
meeting the criteria for dyslipidaemia and arterial hypertension.
Specifically, we assessed the proportion of individuals with dys-
lipidaemia (LDL cholesterol >130mg/dL) or hypertension (sys-
tolic BP >140mmHg or diastolic BP >90mmHg) who received
lipid-lowering or antihypertensive medication, respectively,
based on established guidelines. Each subgroup (treated vs. un-
treated individuals) was further stratified by demographic and
clinical variables, including the number of CVD risk factors, to
explore potential differences. We also examined the use of met-
formin in individuals with obesity (BMI >30kg/m?).

2.3 | Statistical Analysis

All analyses were performed using SAS version 9.4 (build
Ts1M6, SAS Institute Inc., Cary, NC, USA) on a Windows server
mainframe. Descriptive statistics are presented as medians with
interquartile ranges (IQR) for continuous variables and as ab-
solute and relative frequencies for categorical variables. Group
comparisons were performed using the Chi-square test for cate-
gorical variables and the Wilcoxon test for continuous variables,
as appropriate. A two-sided p-value of less than 0.05 was consid-
ered statistically significant.

To identify factors associated with the number of CVD risk
factors (range: 0-5), we conducted multivariable linear regres-
sion analyses. Independent variables included sex, migration
background, age at diabetes onset and diabetes duration, in-
cluding an interaction term between age at onset and diabetes
duration. For microalbuminuria, CSII use was additionally
included as a covariate. To minimise collinearity, diabetes
duration (categorised as 2-5, 5-10 and >10years) and age at
diabetes onset (categorised as prepubertal vs. [post-]pubertal)
were modelled as categorical variables rather than continuous
measures, and current age was not included in multivariable
models. Due to limited documentation of pubertal onset in
the DPV registry, classification was based on age at diabetes
onset: for girls, prepubertal <11years, pubertal 11-16years

and postpubertal > 16years; for boys, prepubertal <12years,
pubertal 12-17 years and postpubertal > 17 years. Associations
between the number of CVD risk factors and microvascular
complications (retinopathy and microalbuminuria) were
assessed using multivariable logistic regression models, re-
porting odds ratios (OR) with 95% confidence intervals and
p-values.

3 | Results

3.1 | Clinical Characteristics and Prevalence
of Cardiovascular Risk Factors Among Young
Adults With TIDM

The study population included 7298 young adults (46.2% fe-
male) with paediatric-onset TIDM, aged 17-26years (median
age: 17.8years, IQR: 17.5-18.5), and a median diabetes duration
of 8.5years (IQR: 5.5-12.2). A migration background was doc-
umented in 23.5% of individuals. Table 1 summarises the clin-
ical characteristics and the prevalence of the five predefined
modifiable CV risk factors. Of individuals with complete doc-
umentation of all 5 risk domains, 21.8% had poor glycaemic
control (HbAlc >9.0%), 17.6% had elevated blood pressure
(>130/90mmHg), 14.0% had elevated LDL cholesterol levels
(>130mg/dL), 13.3% were current smokers, and 7.5% were clas-
sified as obese (BMI >30kg/m?). Nearly half of all individuals
(49.2%) had at least one CVD risk factor. A total of 19.1% had
two or more risk factors, whereas 5.2% and 0.9% had >3 and
>4 CVD risk factors, respectively. Among the 7298 individ-
uals with all five risk factors documented, 103 (1.4%) received
metformin, 393 (5.4%) received any antihypertensive medica-
tion—predominantly an ACE inhibitor (n =277; 3.8%)—and 188
individuals (2.6%) received lipid-lowering therapy, almost exclu-
sively statins (n=181; 2.5%), occasionally in combination with
ezetimibe. So, while many achieved recommended therapeutic
targets, the present study specifically addressed treatment gaps
and undertreatment.

3.2 | Subgroup Differences in CVD Risk Factor
Prevalence Among Young Adults With TIDM

Figure 1 illustrates the sex-specific prevalence of the five pre-
defined CVD risk factors. Compared with females, males had a
significantly higher prevalence of elevated blood pressure (19.2%
vs. 15.6%), and were more often active smokers (14.9% vs. 11.4%).
In contrast, elevated LDL cholesterol and obesity were more com-
mon among females (17.0% vs. 11.4%, and 8.5% vs. 6.7%, respec-
tively). No significant differences between sexes were observed
in the prevalence of poor glycaemic control. Further subgroup
analyses are shown in Figure S2a,b. CVD risk factor prevalence
was similar between individuals with and without a migration
background (Figure S2a). However, poor glycaemic control
(HbA1lc >9%) was more common among individuals with a mi-
gration background compared to those without (25.5% vs. 20.7%,
p<0.05). Similarly, when stratified by age at diabetes onset
(prepubertal vs. pubertal; Figure S2b), the prevalence of poor
glycaemic control was significantly higher among those with
prepubertal onset (23.9% vs. 17.9%, p <0.05), whereas the prev-
alence of other risk factors did not differ significantly between
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TABLE 1 | Clinical characteristics of individuals with T1IDM with
documentation of all five risk domains.

Median

n (Q1-Q3) or %
Age (years) 7298 17.8 (17.5-18.5)
Male 7298 53.9
Age at diabetes onset (years) 7298 9.6 (6.0-12.6)
Diabetes duration (years) 7298 8.5(5.5-12.2)
Migrational background 7298 23.5
Appointments per individual 7298 5(4-8)

BMI (kg/m?) 7298 23.7 (21.5-26.5)
Overweight (BMI >25kg/m?) 7298 25.3
Obesity (BMI >30kg/m?) 7298 7.5
Systolic blood pressure 7298 126 (120-132)
(mmHg)

Diastolic blood pressure 7298 75 (70-80)
(mmHg)

Elevated blood pressure 7298 17.6
(>130/80mmHg)

Arterial hypertension 7298 1.8
(>140/90 mmHg)

Total cholesterol (mg/dL) 7224 168 (147-191)
LDL cholesterol (mg/dL) 7298 96 (78-116)
HDL cholesterol (mg/dL) 7214 57 (49-67)

Non-HDL cholesterol (mg/dIL) 7151 109 (89-131)

Triglycerides (mg/dL) 7110 92 (66-134)
LDL cholesterol >130mg/ 7298 14.1

dL

HbAlc (%) 7298 7.9 (7.2-8.9)
HbAlc >7% 7298 79.8
HbA1lc>9% (>75mmol/ 7298 21.8
mol) (%)

Smoker 7298 13.3
Diabetic retinopathy 4306 0.3
Microalbuminuria 6012 10.0
%>1 CVD risk factors 7298 49.2

% >2 CVD risk factors 7298 19.1

% >3 CVD risk factors 7298 5.2

% >4 CVD risk factors 7298 0.9

Note: Demographic, clinical characteristics and prevalence of predefined
modifiable cardiovascular risk factors in the entire cohort (n=7298).
Continuous variables are reported as median (interquartile range). Percentages
indicate the proportion of individuals with values above predefined thresholds
or with specific categorical characteristics (e.g., migration background, smoking
status). The number of individuals (n) refers to the number for whom data were
available for the respective variable. Cardiovascular risk factors include poor
glycaemic control (HbA1lc >9%), elevated blood pressure (systolic >130mmHg
and/or diastolic >80mmHg), elevated LDL cholesterol (>130mg/dL), obesity
(BMI >30kg/m?) and active smoking.

groups. Despite the use of advanced diabetes technologies, al-
most 20% of CSII or automated insulin delivery (AID) treated
individuals continued to have HbAlc levels > 9% (Figure S2c,d).
Although LDL cholesterol was significantly lower in CSII than
in MDI and even lower in AID users, new technologies did not
correspond to fewer risk factors, with almost 20% of patients in
this age category presenting with an HbAlc>9%.

3.3 | Determinants of CVD Risk Factor Burden

To explore potential determinants of CVD risk accumulation, we
performed multiple linear regression analyses with the total num-
ber of predefined CVD risk factors (range 0-5) as the dependent
variable. Independent variables included sex, migration back-
ground, age at diabetes onset (categorised as prepubertal vs. pu-
bertal/postpubertal onset), and diabetes duration (categorised as
2-5, 5-10 and > 10years). A significantly greater burden of CVD
risk factors was observed in patients with a diabetes duration ex-
ceeding 10years compared with those with 2-5years of disease
duration (p=0.002). No significant difference was found for indi-
viduals with a diabetes duration of 5-10years (p=0.57). In addi-
tion, having a migration background was significantly associated
with a higher number of CVD risk factors (p =0.031), compared to
individuals without a migration background. In contrast, no sig-
nificant associations were observed for sex or age at diabetes onset.

3.4 | Pharmacological Management of CVD Risk
Factors

Among individuals with elevated LDL cholesterol (me-
dian>130mg/dL over the 3-year observation period; n=1023),
only 9.9% (n=101) received lipid-lowering therapy based on the
most recently documented treatment status (Table 2a). Although
no significant differences were observed in age, sex, diabetes du-
ration, or migration background between treated and untreated
individuals, those receiving treatment had higher median levels
of total cholesterol (243 vs. 225mg/dL), LDL cholesterol (163 vs.
156 mg/dL), non-HDL cholesterol (187 vs. 167 mg/dL) and ran-
dom, non-fasting triglycerides (218 vs. 109 mg/dL; all p<0.01).
They also more frequently exceeded the non-HDL cholesterol
threshold of 160mg/dL (75.8% vs. 55.0, p<0.01). Use of antihy-
pertensive medication (16.8% vs. 7.5%; p <0.05) and metformin
(8.9% vs. 1.5%, p<0.01) was significantly more common among
statin-treated individuals compared to untreated individuals.
No significant differences were observed between groups with
regard to the prevalence of the other predefined CVD risk fac-
tors or the total number of risk factors present.

Among individuals with arterial hypertension (>140/90mmHg;
n=131), no significant differences in age, sex, diabetes duration
or migration background were observed between those with and
without antihypertensive medication. In this subgroup, only 19.8%
(n=26) received antihypertensive therapy (Table 2b). Compared to
untreated individuals, those receiving treatment more frequently
also received metformin (19.2% vs. 1.9%) and lipid-lowering ther-
apy (15.4% vs. 1.0%, p < 0.05). No significant differences were found
between groups regarding the prevalence of the other predefined
CVD risk factors or in the total number of risk factors present.
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FIGURE1 | Sex-specific prevalence of predefined cardiovascular risk factors in young adults with type 1 diabetes. Prevalence of five predefined

modifiable cardiovascular risk factors (poor glycaemic control, elevated blood pressure, elevated LDL cholesterol, obesity and smoking) stratified

by sex in 7.298 individuals with paediatric-onset type 1 diabetes aged 17-26years. Significance determined by p <0.05 using y2-test. ***p <0.001.

Among individuals with obesity (BMI > 30kg/m?; n = 545), met-
formin use was documented in 10.1% (n=55; Table 2c). Treated
individuals had a significantly higher median BMI (36.7 vs.
34.6kg/m?, p<0.01). Numerically higher rates of poor glycaemic
control (HbAlc >9%: 38.2% vs. 24.1%), as well as more frequent
use of antihypertensive (27.3% vs. 13.3%) and lipid-lowering ther-
apy (10.9% vs. 4.9%) were observed in obese patients; however,
none of the observed differences reached statistical significance.

3.5 | Association Between the Number of CVD
Risk Factors and Microvascular Complications

To investigate the relationship between cumulative CVD risk
burden and the presence of microvascular complications, we
performed logistic regression analyses using the number of pre-
defined CVD risk factors as the independent variable.

In this young cohort, microalbuminuria was already present in
9.9% of individuals, whereas the prevalence of diabetic retinop-
athy remained low at 0.3%. A multivariable logistic regression
model (binomial distribution, logit link) was fitted to assess
factors associated with microalbuminuria (n=6012). Model fit
was adequate (Pearson x%/DF=0.91). Sex, CSII use, age at di-
abetes onset, diabetes duration, and their interaction were not
significantly associated with microalbuminuria. No migration
background was associated with lower odds of microalbumin-
uria (OR 0.82, 95% CI: 0.68-0.99). Microalbuminuria increased
with higher cardiovascular risk factor burden (Type III test:
p=0.0003). Compared to individuals without risk factors, ORs
were 1.20 (95% CI: 0.98-1.46) for one risk factor, 1.45 (1.14-1.85)
for two, 1.78 (1.22-2.59) for three and 2.68 (1.34-5.36) for four
risk factors. In ordinal modelling, the odds ratio for microalbu-
minuria per additional cardiovascular risk factor was 1.22 (95%
CI: 1.12-1.33; p<0.001). In contrast, no significant associations
with retinopathy were observed for any covariates or for car-
diovascular risk factor burden (Type III test: p=0.378; ordinal
model p=0.067).

4 | Discussion

Adolescence and young adulthood represent a critical phase in the
life course of individuals with TIDM, marked by developmental,
psychological and health-care transitions. In our cohort of 7298
emerging adults with paediatric-onset TIDM, nearly half already
exhibited at least one overt and inadequately controlled modifi-
able CVD risk factor, that is, poor glycaemic control, elevated BP
>130/80mmHg, LDL cholesterol, obesity or smoking, and about
one in five had two or more risk factors in addition to diabetes.
These findings confirm population-based data reporting high
CVD risk and early diabetes-related complications in adolescents
and young adults with T1IDM [30-34]. Recent analyses from the
DPV registry indicate that the COVID-19 pandemic further exac-
erbated cardiometabolic risk profiles in youth with T1DM [35]. The
comparatively high cutoffs for glycaemic control (HbAlc>9%),
LDL cholesterol (>130mg/dL) and obesity were deliberately cho-
sen to identify individuals with pronounced and actionable CVD
risk. Lower thresholds, for example, HbAlc > 7%, affecting 79.8%
of the entire cohort, or LDL >100mg/dL affecting 44.5%, would
have classified the vast majority of our cohort as ‘high risk’, reflect-
ing well-known challenges in achieving guideline targets during
the transition to adulthood. Accordingly, our approach likely
underestimates the overall CVD risk burden while highlighting
a high-risk subgroup warranting urgent clinical attention. This
underestimation is supported by the fact that individuals excluded
due to incomplete documentation of risk factors exhibited an even
higher CVD risk burden than those included in the final analytical
cohort (Table S1).

The comparatively low prevalence of obesity in our cohort is
likely related to the young age of the study population and is
broadly consistent with age-matched data from the general
population, particularly among men [28, 36]. Here, poor gly-
caemic control was the most prevalent risk factor, consistent
with international registry findings that achieving guideline-
recommended HbAlc targets remains particularly challeng-
ing during adolescence and young adulthood [17, 37-39].
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TABLE 2 | (a-c) Pharmacological management and cardiovascular risk profiles in individuals with dyslipidemia (a), arterial hypertension (b)

and obesity (c).

(a) Individuals with LDL-hypercholesterolemia (>130mg/dL)

Lipid-lowering medication status Yes (n=101; 9.9%) No (1=922;90.1%) P
Age (¥) 17.9 (17.5-19.6) 17.7 (17.5-18.4) n.s
Male (%) 38.6 44.5 n.s
Diabetes duration (y) 9.4 (6.8-12.9) 8.8 (5.6-12.3) n.s
Migrational background (%) 21.8 24.1 n.s
BMI (kg/m?) 26.7 (24.3-29.6) 25.3(22.6-29) n.s.
Total cholesterol (mg/dL) 237 (220-264) 221 (206-243) <0.01
LDL cholesterol (mg/dL) 157 (143-176) 146 (137-162) <0.01
HDL cholesterol (mg/dL) 55 (47-64) 56 (48-66) n.s.
Non-HDL cholesterol (mg/dL) 182 (161-211) 163 (155-182) <0.01
Non-HDL cholesterol >160mg/dL (%) 76.4 54.6 <0.01
Triglycerides (mg/dL) 166 (115-249) 138 (100-198) <0.01
Overweight (BMI > 25kg/m?, %) 52.3 38.8 0.07
Obesity (BMI > 30kg/m?; %) 16.9 15.2 n.s
Elevated BP (%) 30 25.6 n.s
HbAlc > 7% (> 53 mmol/mol; %) 92.1 90.5 n.s
HbAlc >9% (> 75mmol/mol; %) 43.1 38.6 n.s
Smoker (%) 16.9 12 n.s
Number of risk factors 2 (1-3) 2(1-2) n.s.
Antihypertensive medication (%) 16.9 7.0 <0.01
Metformin (%) 7.7 1.4 <0.01
(b) Individuals with hypertension (BP>140/90 mmHg)
Antihypertensive medication Yes (n=26;19.8%) No (n=105; 80.2%) 4]
Age (¥) 18.6 (17.7-20.1) 17.9 (17.6-18.6) n.s
Male (%) 76.9 59.1 n.s
Diabetes duration (y) 8.8 (6.0-10.8) 0.7 (5.6-12.7) n.s
Migrational background (%) 11.5 22.9 n.s
Systolic blood pressure (mmHg) 149 (145-152) 145 (142-150) n.s
Diastolic blood pressure (mmHg) 93 (91-98) 93 (90-97) n.s
BMI (kg/m?) 27.8 (24.7-333.4) 26.6 (23.4-30.4) n.s
Overweight (BMI >25kg/m?, %) 57.7 52.4 n.s
Obesity (BMI > 30kg/m?; %) 38.5 17.1 n.s
LDL > 100mg/dL (%) 57.7 57.1 n.s
LDL >130mg/dL (%) 23.1 24.8 n.s
HbA1c > 7% (> 53 mmol/mol) 84.6 81.9 n.s
HbAlc >9% (> 75mmol/mol) 38.5 24.8 n.s
Smoker (%) 19.2 12.4 n.s
(Continues)
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TABLE 2 | (Continued)

(b) Individuals with hypertension (BP>140/90 mmHg)

Antihypertensive medication Yes (n=26;19.8%) No (n=105; 80.2%) P
Number of risk factors 2 (2-3) 2(1-2) n.s
Lipid-lowering-medication (%) 15.4 1.0 0.018
Metformin (%) 19.2 1.9 0.013
(c) Individuals with obesity (BMI>30kg/m?)

Metformin Yes (n=55;10.1%) No (n=490; 89.9%) 4]
Age (¥) 17.8 (17.5-18.9) 17.8 (17.5-18.6) n.s.
Male (%) 52.7 46.9 n.s.
Diabetes duration (y) 8.1 (4.5-11.9) 8.3(5.6-11.7) n.s.
Migrational background (%) 29.1 274 n.s.
BMI (kg/m?) 35.6 (33.8-39.2) 33.5(32.2-36.1) <0.01
LDL >100mg/dL (%) 67.3 68.0 n.s.
LDL > 130mg/dL (%) 27.3 28.6 n.s.
Elevated BP >130/80 mmHg (%) 36.4 33.3 n.s.
HbA1c > 7% (> 53 mmol/mol; %) 84.6 81.9 n.s.
HbA1c >9% (> 75mmol/mol; %) 38.2 24.1 n.s.
Smoker (%) 12.1 13 n.s.
Number of risk factors 2(1-3) 2 (1-3) n.s.
Lipid-lowering-medication (%) 10.9 4.9 n.s.
Antihypertensive medication (%) 27.3 13.3 n.s.

Note: Clinical characteristics and cardiovascular risk profiles between treated and untreated individuals with (a) dyslipidemia (LDL cholesterol >130mg/dl), (b)
arterial hypertension (blood pressure >140/90 mmHg) and (c) obesity (BMI >30kg/m?). Data are presented as median (interquartile range) for continuous variables
and as percentages for categorical variables. Significance determined by p <0.05 using Wilcoxon test for continuous variables or y>-test for categorial variables.

Abbreviation: n.s., not significant.

Despite the broader use of CSII and AID, nearly one in five
individuals using these advanced diabetes technologies con-
tinued to exhibit HbA1c levels > 9% (Figure S2c,d), underscor-
ing that technology alone does not prevent severe glycaemic
dysregulation in a high-risk subgroup.

However, an even more concerning observation was the clus-
tering of multiple CVD risk factors within the same individuals,
which was already linked to microalbuminuria, representing the
first microvascular complication at this young age. Even with a
median diabetes duration of 8.5years, a substantial proportion of
young adults already exhibited at least one modifiable CVD risk
factor, suggesting that cumulative metabolic and vascular expo-
sure begins early in the disease course. Current guideline concepts
incorporate diabetes duration into screening strategies, such as
retinopathy screening after Syears of disease duration and lower
LDL treatment thresholds with longer diabetes duration.

These findings align with data from the International Childhood
Cardiovascular Cohort (i3C) Consortium, showing that five tra-
ditional CVD risk factors, tha is, BMI, BP, triglycerides, total
cholesterol and smoking, predict adult CVD events and prema-
ture CVD death before the age of 60years [40]. Importantly, this

study found an increased risk even among those in the high-
normal or high-acceptable categories for the BMI, systolic blood
pressure and triglycerides. Similarly, several vascular imaging
studies, as well as autopsy data from the Bogalusa heart study,
demonstrated an association between the number of CVD risk
factors and the extent of asymptomatic atherosclerotic lesions
in the aorta and coronary arteries of children and young adults
[41-43]. Together, these findings indicate a synergistic nature of
CVD risk, as cumulative exposure to hyperglycaemia, hyper-
tension, dyslipidaemia and obesity accelerates vascular injury
long before overt CVD disease becomes apparent. Triglyceride-
related markers have recently gained increased attention in
CVD risk stratification in adults with T1DM, however, were
not included in this analysis due to non-standardised, predom-
inantly non-fasting measurements in the registry setting [44],
whereas LDL-cholesterol is minimally affected by fasting sta-
tus [45].

Longitudinal i3C data and related cohort studies indicate that
resolution of obesity, hypertension, or dyslipidaemia is associ-
ated with a substantial attenuation of later atherosclerotic and
cardiometabolic risk [46-48], although this evidence is largely
based on adult risk factor status rather than hard CV outcomes.
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It does not specifically address populations with TIDM nor the
mechanisms underlying risk factor resolution in adulthood.

Our findings should be interpreted as reflecting CVD risk bur-
den and treatment gaps, rather than the effectiveness of phar-
macological interventions. Importantly, among individuals
with clear treatment indications, only 19.8% (26/131) with arte-
rial hypertension >140/90mmHg and only 9.9% (n=101/1023)
of those with LDL cholesterol >130mg/dL received targeted
pharmacotherapy, indicating clinically relevant treatment in-
ertia despite clear guideline-based indications in this vulnera-
ble age group. Compared with 2006 DPV data (0.4% and 0.8%,
respectively) this represents a relevant improvement, yet con-
siderable undertreatment persists [32]. Notably, individuals on
lipid-lowering therapy in our study had significantly higher
LDL and total cholesterol levels than untreated peers, suggest-
ing medication was often initiated only after marked dyslipi-
daemia and that intensification towards target levels remains
insufficient.

Heterogeneity among guidelines likely contributes to this in-
ertia. The International Society for Paediatric and Adolescent
Diabetes (ISPAD) recommends statin initiation from age
10years if LDL >130mg/dL persists despite lifestyle interven-
tion [49], whereas the American Diabetes Association (ADA)
and German S3 Guideline for Paediatric Diabetes Care (AWMF
057-016) suggest pharmacotherapy only at LDL >160mg/dL
or in the presence of additional risk factors [50]. In line with
adult guidelines (German S3 National Disease Management
Guideline on Hypertension, AWMF nvl-009 and German S3
Guideline for Diabetes Care, AWMF 057-013), treatment for hy-
pertension is generally initiated at sustained BP >130/80 mmHg
in adolescents or >140/90 mmHg in adults. Our analysis, there-
fore, focused on the latter threshold, which is consistently used
in clinical practice.

Of obese participants, 10% received metformin, most likely
reflecting individualised off-label use to address insulin resis-
tance or clustered cardiometabolic risk factors. Patients on an-
tihypertensive or lipid-lowering therapy were also more likely
to receive metformin, indicating that those with a metabolic-
syndrome phenotype more frequently undergo multifaceted
pharmacotherapy. As the primary aim was to characterise clin-
ically relevant treatment gaps, potential survival and treatment
bias are unlikely to affect the main conclusions. These results
reveal a substantial gap between real-world care and guideline
recommendations. Given robust evidence that tighter control of
HbA1c, systolic BP and LDL cholesterol reduces CVD morbidity
and mortality in TIDM [11, 51], the low implementation rates
are concerning.

The recently published Lancet Commission on rethinking cor-
onary artery disease calls for a paradigm shift from ischemia-
centred strategies towards lifelong atheroma prevention,
estimating that such an approach could prevent up to 8.7 mil-
lion deaths annually [52]. This preventive perspective is directly
relevant to young individuals with T1DM, whose lifetime expo-
sure to metabolic and hemodynamic stress is exceptionally high.
Structured prevention strategies are essential during adolescence
and the transition to adult care, a period known for deteriorat-
ing glycaemic control, reduced medical engagement and delayed

treatment intensification [14, 15]. Although current guidelines
recommend regular screening for CVD risk factors starting in
adolescence, our findings suggest that screening alone is insuf-
ficient; the critical gap lies in translating detection into effec-
tive, sustained treatment. Beyond established CVD risk factors,
protective lifestyle-related factors, including regular physical
activity as incorporated in the STIRE [53], and oxidative stress—
modulating mechanisms may contribute to CVD risk reduction
in T1DM, whereas experimental and translational studies have
shown that dysregulated lipid metabolism and endothelial dys-
function play a key role in early vascular damage [54].

Strengths of this study include the large, representative sam-
ple of young adults with paediatric-onset T1DM, drawn from
a well-established, nationwide registry with high coverage and
standardised data collection. The analysis also provides novel in-
sights into the co-occurrence of modifiable risk factors and their
link to early vascular complications. However, the cross-sectional
design precludes causal inference. Another limitation is that
registry-based data may be subject to documentation heterogene-
ity. Although clinical parameters were assessed over a multi-year
period (2020-2023), median values were used to enhance robust-
ness. Treatment data reflect only the most recently documented
therapeutic status and may not capture long-term treatment conti-
nuity or adherence. The lack of statistical significance in the linear
model for retinopathy is likely attributable to the very low preva-
lence of retinopathy at this early stage of the disease course (0.3%),
limiting statistical power to detect associations. In conclusion, ad-
olescents and young adults with paediatric-onset TIDM display a
high burden of pronounced and clinically actionable, modifiable
CVD risk factors and significant treatment gaps. The accumula-
tion of multiple risk factors is associated with early microvascular
damage, underlining the urgency of early, comprehensive and sus-
tained CVD prevention. Proactive screening and timely treatment
in paediatric diabetes care are crucial to avoid therapeutic inertia
and to improve long-term CVD outcomes. Paediatric providers
play a key role in this context and should not wait for adult care
providers to take action.
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Supporting Information

Additional supportinginformation can be found online in the Supporting
Information section. Figure S1: dom70610-sup-0001-Figures.pdf.
Figure S1: Flowchart of patient selection. Figure S2a-d: Prevalence of
cardiovascular risk factors stratified by migration background (a), age
at diabetes onset (b) and treatment (c and d). Prevalence of poor glycae-
mic control (HbAlc >9%), elevated blood pressure (>130/80 mmHg),
elevated LDL cholesterol (>130mg/dL), obesity (BMI >30kg/m?) and
current smoking among young adults with TIDM stratified by migra-
tion background (a), prepubertal onset (<11years in girls, <12years
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in boys) versus pubertal/postpubertal onset (>11 or>12years, respec-
tively) (b); and treatment modalities CSII (n=4315) vs. MDI (n=2983)
(c) and AID (automated insulin delivery, n=1693) vs. CSII/MDI (d;
n=5605); *** p<0.001; * p<0.05. Figure S3: List of participating DPV
centres (alphabetical order). Table S1: Comparison of included individ-
uals with complete documentation of all five predefined CV risk factors
and excluded cases with incomplete risk factor documentation. Data are
presented as medians with interquartile ranges (Q1-Q3) or percentages.
Group differences were assessed using Wilcoxon tests for continuous
variables and chi-square tests for categorical variables; corresponding
p-values are shown.
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