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Abstract

Aims: To develop and externally validate the LIFE-T1D model for the estimation of

lifetime and 10-year risk of cardiovascular disease (CVD) in individuals with type

1 diabetes.

Materials and Methods: A sex-specific competing risk-adjusted Cox proportional haz-

ards model was derived in individuals with type 1 diabetes without prior CVD from the

Swedish National Diabetes Register (NDR), using age as the time axis. Predictors

included age at diabetes onset, smoking status, body mass index, systolic blood pres-

sure, glycated haemoglobin level, estimated glomerular filtration rate, non-high-density

lipoprotein cholesterol, albuminuria and retinopathy. The model was externally validated

in the Danish Funen Diabetes Database (FDDB) and the UK Biobank.

Results: During a median follow-up of 11.8 years (interquartile interval 6.1–

17.1 years), 4608 CVD events and 1316 non-CVD deaths were observed in the NDR

(n = 39 756). The internal validation c-statistic was 0.85 (95% confidence interval

[CI] 0.84–0.85) and the external validation c-statistics were 0.77 (95% CI 0.74–0.81)

for the FDDB (n = 2709) and 0.73 (95% CI 0.70–0.77) for the UK Biobank

(n = 1022). Predicted risks were consistent with the observed incidence in the deri-

vation and both validation cohorts.

Conclusions: The LIFE-T1D model can estimate lifetime risk of CVD and CVD-free

life expectancy in individuals with type 1 diabetes without previous CVD. This model

can facilitate individualized CVD prevention among individuals with type 1 diabetes.

Validation in additional cohorts will improve future clinical implementation.
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1 | INTRODUCTION

Individuals with type 1 diabetes have an increased risk of developing

cardiovascular disease (CVD, defined as myocardial infarction, stroke

and fatal CVD) compared to the general population, with risks ele-

vated 2.3-fold in women and threefold in men.1,2 The first signs of

accelerated vascular harm have been shown to already appear during

adolescence in individuals with type 1 diabetes.3 Efforts to mitigate

risk factor exposure, including glycaemic control, should ideally start

early in life, as supported by data from the Diabetes Control and Com-

plications Trial/Epidemiology of Diabetes Interventions and Complica-

tions study.4 Current guidelines for individuals with type 1 diabetes,

including the recently published 2023 European Society of Cardiology

(ESC) guideline for the management of CVD in patients with diabetes,

are largely based on extrapolations from studies in type 2 diabetes,5,6

despite the differences in the underlying pathophysiology and the lon-

ger duration of hyperglycaemia in type 1 compared to type

2 diabetes.7

Currently available prediction models for CVD in individuals with

type 1 diabetes are hampered by the relatively limited prediction hori-

zons of those models, which are often a maximum of 10 years,8–13 or

by the lack of external validation.14 Since the risk of CVD is mainly

driven by age, the short-term risk in young people is usually very low.

Hence, based on models with a relatively short prediction horizon,

young people living with type 1 diabetes will often not qualify for pre-

ventive therapy, even if their long-term risk is high and they could

potentially benefit from lifelong risk factor reduction. A lifetime risk

assessment, which estimates the risk over the remainder of an individ-

ual's lifespan from the time of assessment, allows the identification of

individuals that would benefit most from long-term preventive treat-

ment options, and could motivate them to make lifestyle changes and

accept or adhere to preventive medication. In addition, most of the

existing models were developed without considering potential sex-

specific variations in the effect of cardiovascular risk factors, despite

evidence of differences between males and females.15 The aim of the

present study, therefore, was to develop and externally validate

the competing risk-adjusted sex-specific LIFE-T1D model for the esti-

mation of lifetime risk, in addition to 10-year risk, of incident CVD in

individuals with type 1 diabetes without established CVD.

2 | MATERIALS AND METHODS

2.1 | Study populations

The target population consisted of individuals with type 1 diabetes,

aged 18 to 80 years, without established CVD (defined as no previous

record of coronary heart disease, cerebrovascular disease and periph-

eral artery disease). Model development and internal validation were

conducted in the Swedish National Diabetes Register (NDR),16 which

is classified as a moderate-risk region according to the 2021 ESC pre-

vention guidelines.17 The NDR was initiated in 1996 and contains

information on clinical characteristics, risk factors, medication use and

complications of diabetes in patients aged 18 years and older. Virtu-

ally all patients with type 1 diabetes in Sweden are treated in hospital

outpatient clinics. All these hospital outpatient clinics regularly report

data on individuals with type 1 diabetes to the NDR, which covers

�98% of all adults with type 1 diabetes in Sweden.18 Type 1 diabetes

was defined by a diabetes diagnosis at the age of 30 years or younger

in combination with treatment with insulin only. This definition has

been validated to be accurate in 97% of the patients in the register.19

For the present study, follow-up started 2 years after registration in

the NDR for all participants. These 2 years were used to collect base-

line variables. For every variable, the value closest to the start of

follow-up was selected. Participants whose follow-up started between

January 1998 and January 2020 were included in the present study

(Figure S1).

External validation was performed with data from the Danish

Funen Diabetes Database (FDDB) and the UK Biobank

(Figure S2),20,21 which are both considered low-risk regions.22 The

FDDB is a population-based cohort including individuals with all types

of diabetes from the geographical region of Funen, Denmark, from

2003 onwards. The cohort covers over 90% of the individuals with

type 1 diabetes in Funen. It was launched as an online database, serv-

ing as a digital healthcare platform for clinical practice and communi-

cation among healthcare providers involved in diabetes care. The

FDDB participants are considered representative of the entire popula-

tion with type 1 diabetes in Denmark.20 The UK Biobank is a

population-based cohort of more than 500 000 participants, aged 40–

70 years, who were recruited in the United Kingdom between 2006

and 2010. All participants underwent a baseline assessment, compris-

ing a touchscreen questionnaire, physical examination and collection

of blood samples. The definition of type 1 diabetes in each data

source is provided in Table S1. The NDR was approved by the Swed-

ish Ethical Review Authority. The FDDB and UK Biobank were

approved by the Danish Data Protection Agency and the Northwest

Multicenter Research Ethics Committee (ref 21/NW/0157), respec-

tively. Informed consent was obtained from all participants from all

three data sources.

2.2 | Predictors and outcome variables

The predictors were prespecified based on existing risk scores for CVD

in individuals with type 1 diabetes8–11,13,14 and ready availability in clin-

ical practice. Predictors comprised age at diabetes onset (years), smok-

ing status (current vs. former/never), body mass index (BMI; kg/m2),

systolic blood pressure (SBP; mmHg), glycated haemoglobin (HbA1c;

mmol/mol), estimated glomerular filtration rate (eGFR;

mL/min/1.73 m2), non-high-density lipoprotein (HDL) cholesterol

(defined as total cholesterol minus HDL cholesterol; mmol/L), albumin-

uria (albumin excretion rate normal to mildly increased [<30 mg/24 h or

<3 mg/mmol], moderately increased [30–300 mg/24 h or 3–30 mg/

mmol] or severely increased [>300 mg/24 h or > 30 mg/mmol])23 and

retinopathy (yes/no). Age (years) was used as the time scale. The ratio-

nale behind the selection of predictors in the model is provided in the

2230 HELMINK ET AL.
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Supplementary Methods section. The models were derived separately

for males and females to account for differences in the relative effects

of predictors and baseline risks.

The primary outcome was the occurrence of first incident CVD

events, defined as a composite of nonfatal myocardial infarction, non-

fatal stroke or cardiovascular mortality. This endpoint aligns with the

primary endpoint of SCORE2 and SCORE2-Diabetes.24,25 Cardiovas-

cular mortality was defined as sudden death or death due to coronary

heart disease, heart failure or stroke. Deaths from non-cardiovascular

causes were treated as competing events. For the NDR and FDDB,

endpoints were obtained by linkage to mortality registers and national

patient registers, containing nationwide information on all hospitaliza-

tions and outpatient visits. For the UK Biobank, endpoints were

obtained by linkage with Hospital Episode Statistics. Details on end-

point definitions and corresponding International Classification of Dis-

eases 10th revision codes are provided in Table S2.

2.3 | Statistical analyses

Since complete-case analysis may lead to possible bias,26 missing pre-

dictor values were multiply imputed based on predictive mean match-

ing using 10 imputed datasets (aregImpute-function, Hmisc package,

R statistical software). Details on the percentages and handling of

missing data are provided in Table S3 and the Supplementary

Methods section, respectively. Continuous predictors were truncated

at the 1st and 99th percentile to limit the effect of outliers. Two com-

plementary Cox proportional hazards models were fitted: one for the

prediction of CVD events (Function A) and one for prediction of

the competing endpoint non-CVD mortality (Function B) to adjust for

competing risks. Age was used as the time axis (left truncation), which

means that participants contribute from their age at study entry to

their age at the end of follow-up. This method allows the estimation

of age-specific baseline survival rates, enabling predictions beyond

the follow-up duration of the derivation data.27 The proportional haz-

ards assumption was assessed visually by plotting Schoenfeld resid-

uals against time and an interaction with age was added to the model

if a violation was observed. Continuous predictors were log or square

transformed if doing so improved model fit based on Akaike's infor-

mation criterion. Baseline survival rates for both functions were

derived using 1-year intervals and smoothed using a local polynomial

regression (LOESS) function. By combining the coefficients from both

functions with the smoothed baseline survival rates, lifetables with

1-year intervals were created for every remaining life year.27 The life-

time and 10-year risks were estimated by summation of the annual

predicted risks from current age until the maximum age of 90 years

and for the first 10 years, respectively. The maximum age was defined

as 90 years to ensure reliable predictions (based on availability of at

least 100 observations per year of age). The CVD-free life expectancy

was defined as the median survival without CVD (i.e., the age at which

the estimated cumulative survival equals 50%). Model discrimination

was quantified using c-statistics, corrected for competing risks.28 As

direct observation of lifetime risks is impossible in cohort data, model

calibration was evaluated at the maximum duration of the cohorts by

visual assessment of the expected versus observed risks, that is, at

7 years for the FDDB and at 13 years for the UK Biobank. The model

was recalibrated for differences in baseline risk using expected versus

observed (E/O) ratios. Model assumptions are provided in Table S4.

All analyses were performed with R-statistic programming (version

4.3.1; R Foundation for Statistical Computing, Vienna, Austria).

2.4 | Prediction of individual treatment effects

By combining predictions from the model with estimated treatment

effects from randomized clinical trials or meta-analyses, the model can

be used to estimate individualized benefit from cardiovascular risk

management.27 Examples to illustrate the long-term effects of preven-

tion include the effect of lifetime and 10-year SBP lowering (hazard

ratio [HR] 0.80 per 10 mmHg SBP reduction29) and the effect of low-

density lipoprotein (LDL) cholesterol lowering (HR 0.79 per 1 mmol/L

LDL cholesterol reduction30).

2.5 | Sensitivity analysis

To ensure the applicability of the model to the contemporary type

1 diabetes population, the model was additionally validated in the

subgroup of individuals in the derivation data who were included in

the last 15 years (from January 2005 onwards).

2.6 | Data and resource availability

The data analysed in the present study are not compliant with pub-

lishing individual data in an open-access institutional repository but

are available upon reasonable request.

3 | RESULTS

3.1 | Model derivation

The model was derived in 39 756 individuals with type 1 diabetes

from the NDR without a history of CVD. The median (interquartile

interval [IQI]) age at baseline was 28 (21–40) years and 45% were

female. The median (IQI) age at diabetes diagnosis was 14 (9–21)

years and the mean (standard deviation [SD]) HbA1c concentration

was 66 (16) mmol/mol (8.2% [1.5%]). Baseline characteristics are pre-

sented in Tables 1 and S5 (non-imputed data). During a median (IQI)

follow-up time of 11.8 (6.1–17.1) years, 4608 incident CVD events

and 1316 nonvascular deaths were observed. The number of observa-

tions and the number of events per age year are shown in Figure S3.

Coefficients for individual predictions and HRs are shown in Tables S6

and S7, respectively. The internal validation c-statistics were 0.85

(95% confidence interval [CI] 0.84–0.85) in males and 0.85 (95% CI

0.84–0.86) in females for CVD. For non-CVD mortality, the internal

validation c-statistics were 0.72 (95% CI 0.70–0.74) in males and 0.75

HELMINK ET AL. 2231
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(95% CI 0.73–0.77) in females. Calibration plots of predicted versus

observed 10-year risks of CVD and non-CVD mortality are shown in

Figure S4. Predicted 10-year risks of CVD agreed with observed

10-year risks. Prior to recalibration, predicted risks of non-CVD mor-

tality were lower than observed risks (E/O ratio 0.74 in males and

0.72 in females). Age-specific baseline survival rates and plots of the

smoothed baseline survival rates are provided in Table S8 and

Figure S5, respectively. For individuals aged <40 years, the median

(IQI) lifetime risk of CVD was 69.4% (60.2%–76.5%), the median (IQI)

10-year risk of CVD was 1.0% (0.5%–2.3%) and the estimated CVD-

free life expectancy was 72 (67–76) years. For individuals aged

≥40 years, the corresponding values were 76.0% (68.5%–81.9%),

16.2% (9.5%–28.5%) and 72 (68–76) years (Figures 1 and S6).

3.2 | Model validation

External model validation was performed in 2709 individuals with

type 1 diabetes from the FDDB and 1022 individuals with type

1 diabetes from the UK Biobank. The median (IQI) ages were 43

(30–56) years for the FDDB and 53 (47–60) years for the UK Bio-

bank, both higher as compared to the median age in the NDR. In the

FDDB, 42% of the participants were female. The median (IQI)

follow-up period was 8 (5–8) years, during which 168 CVD events

were observed. In the UK Biobank, 44% of the participants were

female. During a median (IQI) follow-up period of 12 (11–13) years,

155 CVD events were observed. Detailed baseline characteristics

are presented in Table S9 and incidence rates for all data sources are

provided in Table S10. Calibration plots are shown in Figure 2 (for

males and females combined), Figures S7 and S8 (for males and

females separately). c-statistics were 0.77 (95% CI 0.73–0.81) in the

FDDB and 0.73 (95% CI 0.70–0.77) in the UK Biobank for CVD, in

males and females combined. For non-CVD mortality, c-statistics

were 0.74 (95% CI 0.70–0.79) in the FDDB and 0.60 (95% CI 0.54–

0.66) in the UK Biobank. Prior to recalibration, predicted risks were

higher than observed risks in the FDDB and the UK Biobank (E/O

ratio 1.40 and 1.71 in males and 1.53 and 2.08 in females,

respectively).

TABLE 1 Baseline characteristics of the data sources used for model derivation and external validation.

Swedish NDR (n = 39 756) Funen Diabetes Database (n = 2709) UK Biobank (n = 1022)

Age, years 28 (21–40) 43 (30–56) 53 (47–60)

Female sex, n (%) 17 710 (45) 1150 (42) 454 (44)

Age at diabetes onset, years 14 (9–21) 24 (13–38) 20 (13–26)

Current smoking, n (%) 5856 (15) 727 (27) 110 (11)

Medication use, n (%)

Insulin pump 6230 (16) N.A. N.A.

Lipid-modifying medication 5219 (13) 874 (32) 641 (63)

Blood pressure-lowering medication 5958 (15) 64 (2) 566 (55)

Antiplatelet medication 8191 (21) 228 (8) 468 (46)

Systolic blood pressure, mmHg 126 (16) 129 (17) 138 (17)

Diastolic blood pressure, mmHg 73 (9) 78 (10) 77 (9)

Body mass index, kg/m2 24.9 (4.1) 25.6 (4.3) 27.7 (5.0)

Laboratory values

HbA1c, mmol/mol 65 (16) 65 (16) 63 (13)

Non-HDL cholesterol, mmol/L 3.2 (1.0) 3.1 (0.9) 3.0 (0.8)

LDL cholesterol, mmol/L 2.7 (0.8) 3.1 (1.0) 2.6 (0.7)

HDL cholesterol, mmol/L 1.6 (0.5) 1.6 (0.5) 1.5 (0.4)

Triglycerides, mmol/L 0.9 (0.7–1.3) 1.0 (0.7–1.5) 1.0 (0.7–1.6)

eGFR, mL/min/1.73 m2 94 (31) 98 (22) 93 (18)

Albumin excretion rate

Moderately increased 2923 (7) 346 (13) N.A.

Severely increased 2416 (6) 32 (1) N.A.

Retinopathy 19 177 (48) 1234 (46) N.A.a

Note: Data are presented as n (%), mean (SD) or median (interquartile interval).

Abbreviations: AER, albumin excretion rate; eGFR, estimated glomerular filtration rate (estimated using the Chronic Kidney Disease Epidemiology

Collaboration formula); HDL, high-density lipoprotein; LDL, low-density lipoprotein; N.A., not applicable; NDR, Swedish National Diabetes Register.
aRetinopathy data were partially based on International Classification of Diseases, 10th revision codes (Supplementary Methods).
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3.3 | Prediction of individual treatment effects

Two examples demonstrating the effect of 10 mmHg SBP reduction

and 1.5 mmol/L LDL cholesterol reduction on the risk of CVD and the

likely gain in CVD-free life expectancy are shown in Figure 3.

Patient A, a 50-year-old male smoker, would be estimated to experi-

ence approximately 6.9% reduction in lifetime risk (number needed to

treat [NNT] 14), 0.9% reduction in 10-year risk of CVD (NNT 111),

and a median gain in CVD-free life expectancy of 1.9 years (i.e., 50%

of the individuals with the same characteristics would have a CVD-

free life expectancy of 1.9 years or less and 50% of the individuals

would have a CVD-free life expectancy of 1.9 years or more), in case

of a reduction in SBP from 140 mmHg to 130 mmHg. Patient B, a

40-year-old female non-smoker, would be estimated to experience

approximately 6.8% reduction in lifetime risk of CVD (NNT 15), 1.1%

reduction in 10-year risk of CVD (NNT 91) and 2.0 years gain in CVD-

free life expectancy, if her LDL cholesterol level was lowered from

4 mmol/L to 2.5 mmol/L.
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in the UK Biobank (n = 1022), in males
and females combined, after
recalibration.
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3.4 | Sensitivity analysis

Predicted 10-year risks of CVD in individuals included in the last

15 years (n = 22 166) agreed with observed risks, with a c-statistic of

0.89 (95% CI 0.88–0.91) in males and females combined. The corre-

sponding calibration plot is shown in Figure S9.

4 | DISCUSSION

This study describes the development and external validation of the

LIFE-T1D model for the estimation of lifetime and 10-year risk of

CVD in individuals with type 1 diabetes without established CVD. The

model is based on readily available predictors and enables identifica-

tion of individuals at high risk of CVD who may be targeted for bene-

fit from preventive treatment.

Existing CVD prediction models developed in individuals with

type 1 diabetes rely on relatively short-term prediction horizons of

typically 10 years or less.8–13 For example, a previous risk model was

externally validated for 10-year CVD risk in 33 183 individuals from

the Swedish NDR, resulting in a well-calibrated model with a

c-statistic of 0.82.8 Comparing the present model to this previous

model is challenging due to the difference in endpoints, predictors

and prediction horizon. Our endpoint comprises nonfatal myocardial

infarction, nonfatal stroke and cardiovascular mortality, thus aligning

with the current guideline-supported SCORE2 and SCORE2-Diabetes

risk calculators,24,25 while the endpoint of the previous model also

included unstable angina, transient ischaemic attack, peripheral artery

disease, revascularizations and amputations.8 For LIFE-T1D, we

selected predictors that are readily available in the outpatient clinic

and electronic patient records, thus facilitating the integration of this

model into daily practice. In addition, we made separate models for

males and females to account for differences in the relative effects of

predictors and baseline risks, since previous studies in the general

population showed that the effects of well-recognized cardiovascular

risk factors, including smoking and total cholesterol, differ between

males and females. Our finding of a comparable absolute risk in males

and females is in line with a previous study.31 Notably, that study also

found females to have a higher excess CVD risk compared to males,

which is supported by a large meta-analysis.2 This can partly be

explained by the fact that females in the general population have a

lower risk of CVD events compared to males.

F IGURE 3 Examples of individualized benefit from 10 mmHg reduction in systolic blood pressure (SBP) (Patient A) and 1.5 mmol/L low-
density lipoprotein cholesterol (LDL-C) reduction (Patient B) on 10-year risk of cardiovascular disease (CVD), lifetime risk of CVD and CVD-free
life expectancy. In addition to the characteristics listed in the figure, Patient A has a body mass index (BMI) of 25 kg/m2, uses multiple daily
insulin injections and atorvastatin 20 mg, has an LDL-C level of 2.7 mmol/L and has no retinopathy. Patient B has a BMI of 26 kg/m2, uses insulin
multiple daily injections, has an LDL-C level of 4 mmol/L and has no albuminuria and retinopathy. A median gain in CVD-free life expectancy of
1.9 years indicates that 50% of the individuals with the same characteristics would have a CVD-free life expectancy of 1.9 years or less and 50%
of the individuals would have a CVD-free life expectancy of 1.9 years or more. eGFR, estimated glomerular filtration rate (estimated using the
Chronic Kidney Disease Epidemiology Collaboration formula; HbA1c, glycated haemoglobin.
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The main difference between earlier risk models in type 1 diabetes

and LIFE-T1D is the lifetime prediction horizon. As type 1 diabetes is

a near-lifelong disease, with the majority of patients being diagnosed

before the age of 30 years, very long-term estimates may be more

informative when discussing and individualizing risk and benefit in

individuals with type 1 diabetes. Since the CVD risk increases with

age and diabetes duration, the 10-year CVD risk in young patients is

usually very low. However, as also demonstrated by the present

study, the lifetime risk in these individuals may still be substantial.

Lifetime risk estimates may underscore the necessity of early and sus-

tained management of modifiable cardiovascular risk factors, even

when short-term risk appears negligible. Older persons, in contrast,

often have a high 10-year risk, but because of their shorter remaining

life expectancy, the potential absolute benefits derived from preven-

tive therapies may be relatively small. Therefore, especially in younger

and older individuals, lifetime risk and CVD-free life expectancy are

more informative measures and may help guide personalized thera-

peutic decisions and lifestyle modifications. Estimation of lifetime risk

and benefit is also recommended by the 2021 ESC prevention guide-

line as those measures are easy to interpret for patients and health-

care providers and may improve communication of potential

treatment benefits to patients.22 Another important aspect of the

LIFE-T1D model is that it accounts for the impact of the competing

risk of non-CVD mortality. This statistical adjustment is crucial in pre-

venting overestimation of risks and the potential benefits of CVD

risk-modifying treatments, especially in older individuals, in whom the

risk of non-CVD death is high.32 It should be noted that the existing

CVD prediction models in individuals with type 1 diabetes were not

adjusted for competing risks.8–11,13

The overestimation of the CVD risk in the FDDB and UK Bio-

bank likely reflects the transfer of the prediction model from a

moderate-risk region to two low-risk regions.22 Another potential

reason is that CVD events are detected and reported with a higher

degree of accuracy in Sweden than in the UK and Denmark, although

all three countries are known for having robust healthcare systems

with established infrastructures for monitoring and reporting health

outcomes.33 Furthermore, an important factor to consider is the

‘healthy cohort effect’ associated with the UK Biobank. Its recruit-

ment strategy possibly attracted more healthy individuals, resulting

in a sample that does not fully represent the UK population with

type 1 diabetes.34 The age inclusion criterion of 40–70 years led to a

higher median age in the UK Biobank study population as compared

to the NDR. The method used to obtain outcome data in the UK Bio-

bank may have resulted in an underestimation of the absolute CVD

risk. However, strokes and myocardial infarctions are typically well

recorded in hospital settings35 and mortality data is acquired from

the death registry. Therefore, the extent of this underestimation is

likely minimal. Considering the UK Biobank reflects a healthy cohort

and lacks reliable data on albuminuria and retinopathy, whereas the

FDDB accurately represents the type 1 diabetes population in

Denmark and is in this case a larger data source, we recommend

applying the recalibration factor from the FDDB for clinical use of

the model in low-risk regions.

In addition to the lifetime prediction horizon and the statistical

adjustment for competing risks, a strength of the LIFE-T1D model is

its basis on contemporary and representative data. Although the

model was derived in individuals included from 1998 onwards, it per-

formed well in individuals included between 2005 and 2020. The

NDR and FDDB participants are considered representative for

the diabetes populations from Sweden and Denmark and the NDR

population covers nearly the entire Swedish population with diabe-

tes.18,20 In addition, the model was derived in a large study popula-

tion, allowing for accurate predictions and generalizability to other

individuals with type 1 diabetes.

Limitations of this study must also be considered. First, the model

was developed in a moderate-risk region and externally validated in

two low-risk regions, as defined by the 2021 ESC prevention guide-

lines.22 Ideally, validation should be performed in more data sources

and also extend to high-risk and very high-risk regions to ensure the

model's broader applicability across all risk regions. Previous research,

however, has demonstrated the stability of the relative effects of car-

diovascular risk factors across geographical areas.36 Second, informa-

tion on socioeconomic status (SES) was not included in the model,

although a lower SES is known to be related to a higher risk of CVD

and mortality.37 Although some aspects of SES are indirectly repre-

sented by other predictors in the model, these predictors probably do

not fully capture the impact of SES on the CVD risk.38 Should these

predictors become more easily usable in the future, they could be rel-

atively easily added to the prediction model, as described in a recently

published study.39 Third, there was a high percentage of missing data

for eGFR, non-HDL cholesterol and retinopathy in the NDR. How-

ever, the current approach maximized the use of existing data, includ-

ing subsequent available measurements, while preserving the

statistical power. Fourth, there was an absence of reliable data on

albuminuria and retinopathy in the UK Biobank. This may have

affected the model's discriminative ability, although the impact is

probably reduced due to the inclusion of other related (proxy) vari-

ables in the model.40–44 While it may also have affected the calibra-

tion of the model, the overestimation of the CVD risk in the UK

Biobank is more likely attributable to the variance in baseline risks

between a moderate-risk region to a low-risk region. It should also be

noted that the data sources used for model derivation and validation

primarily consisted of individuals of White ethnicity. Ethnicity was not

used as a predictor due to insufficient representation from diverse

ethnic groups.

Although the model predicts lifetime risk, it could be validated for

only a 13-year period, owing to the follow-up time of the validation

cohorts. A previous study has demonstrated that lifetime estimates

based on the methodology used in the present study are reliable for

at least 17 years.27 Nevertheless, it should be kept in mind that life-

time estimates rely on several assumptions. For example, the model

assumes that the baseline survival for each interval is equal for all

patients, during that interval. As the field of diabetes management

continues to evolve, an increasing number of individuals with type

1 diabetes will adopt advanced medical devices for glucose control,

including hybrid closed-loop systems. These advancements could lead
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to a reduced baseline risk in the future. Hence, the model would ben-

efit from updating in the future to ensure its continued accuracy in

risk assessment. Moreover, the model assumes predictors follow a

natural course over time, although predictors might change with age.

However, if the change in predictor levels reflects the change over

time in the derivation data, no adjustment is needed. It is also

assumed that relative treatment effects are constant over time and

equal for all patients for whom a treatment is recommended, as there

is no evidence from large trials or meta-analyses that the relative

effect of cardiovascular risk reduction differs between subgroups of

individuals with type 1 diabetes.30 Of note, the current model does

not allow for the prediction of other adverse outcomes in individuals

with type 1 diabetes, including microvascular complications, nonfatal

heart failure and peripheral artery disease including amputations.

Microvascular complications not only significantly reduce the quality

of life, but also lead to a higher risk of macrovascular complications

and mortality.45 For individuals with type 2 diabetes, a recently devel-

oped model can be used to estimate the lifetime risk of end-stage kid-

ney disease,46 but this model has not been validated in individuals

with type 1 diabetes. For individuals with type 1 diabetes, existing

models can only predict shorter-term risk of microvascular out-

comes.47,48 Developing a lifetime prediction model for microvascular

complications in type 1 diabetes on the basis of larger datasets with

longer follow-up duration, offers a promising direction for future

research.

In conclusion, lifetime risk of CVD as well as CVD-free life expec-

tancy and the effect of preventive treatment thereon can be esti-

mated for individuals with type 1 diabetes using the new LIFE-T1D

model. This may aid in early identification of individuals who would

benefit most from preventive treatment options and may improve

shared decision making in clinical practice. Validation in additional

cohorts will improve future clinical implementation.
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