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Aims Although group-level effectiveness of lipid, blood pressure, glucose, and aspirin treatment for prevention of cardio-
vascular disease (CVD) has been proven by trials, important differences in absolute effectiveness exist between
individuals. We aim to develop and validate a prediction tool for individualizing lifelong CVD prevention in people
with Type 2 diabetes mellitus (T2DM) predicting life-years gained without myocardial infarction or stroke.

...................................................................................................................................................................................................
Methods
and results

We developed and validated the Diabetes Lifetime-perspective prediction (DIAL) model, consisting of two comple-
mentary competing risk adjusted Cox proportional hazards functions using data from people with T2DM registered
in the Swedish National Diabetes Registry (n = 389 366). Competing outcomes were (i) CVD events (vascular mor-
tality, myocardial infarction, or stroke) and (ii) non-vascular mortality. Predictors were age, sex, smoking, systolic
blood pressure, body mass index, haemoglobin A1c, estimated glomerular filtration rate, non- high-density lipopro-
tein cholesterol, albuminuria, T2DM duration, insulin treatment, and history of CVD. External validation was per-
formed using data from the ADVANCE, ACCORD, ASCOT and ALLHAT-LLT-trials, the SMART and EPIC-NL
cohorts, and the Scottish diabetes register (total n = 197 785). Predicted and observed CVD-free survival showed
good agreement in all validation sets. C-statistics for prediction of CVD were 0.83 (95% confidence interval: 0.83–
0.84) and 0.64–0.65 for internal and external validation, respectively. We provide an interactive calculator at www.
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U-Prevent.com that combines model predictions with relative treatment effects from trials to predict individual
benefit from preventive treatment.

...................................................................................................................................................................................................
Conclusion Cardiovascular disease-free life expectancy and effects of lifelong prevention in terms of CVD-free life-years gained

can be estimated for people with T2DM using readily available clinical characteristics. Predictions of individual-level
treatment effects facilitate translation of trial results to individual patients.
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Introduction

People with Type 2 diabetes mellitus (T2DM) are at up to two-fold
increased risk for cardiovascular disease (CVD) compared with peo-
ple without T2DM independently from other risk factors.1 Estimated
reductions in life expectancy and quality-adjusted life years due to
CVD are substantial in people with T2DM especially in people diag-
nosed with T2DM at young ages.2,3 International guidelines on CVD
prevention recommend lipid-lowering, blood pressure-lowering, and
glucose-lowering treatment to achieve the respective targets and for
some patients also aspirin use.4–6 More recently, new drugs have be-
come available to further reduce the burden of CVD in patients with
T2DM. These include PCSK9-inhibition, SGLT2-inhibibition, and
GLP1-analogues.7 Guideline recommendations on the use of these
preventive medications are based on the group-level effectiveness of
such medication as shown in high-quality trials. Yet, important differ-
ences in absolute effectiveness are known to exist between individu-
als. Clinicians may struggle to identify individuals that benefit most
from intensive and newer treatment options as the translation of
group-level findings and recommendations to the individual patient
level is extremely challenging. As individual effectiveness of prevent-
ive treatment is mainly determined by individual baseline CVD risk,
risk estimation could help to individualize treatment.8,9 In general,
people with higher individual cardiovascular risk will benefit more in
absolute terms from lipid-lowering, glucose-lowering, or blood pres-
sure-lowering than people with a lower cardiovascular risk.

Therefore, the use of CVD risk prediction models for people with
T2DM, such as the UKPDS, ADVANCE, Fremantle, and New
Zealand Diabetes risk scores have been recommended in various na-
tional guidelines.10–13 Yet, most existing prediction models predict
5-year risks of CVD.14

Medications for prevention of CVD, on the other hand, are usually
continued life-long and for most patients this means much longer
than 5 years. Therefore, estimates of long-term CVD risk and CVD-
free life expectancy (i.e. expected number of remaining life-years
without the occurrence of an incident or recurrent myocardial infarc-
tion or stroke) are usually more informative.15,16 Several lifetime-
perspective models are already available for healthy individuals, but
not for patients with T2DM.17,18

The objective of the present study is to develop and externally val-
idate a prediction tool [i.e. the Diabetes Lifetime-perspective predic-
tion (DIAL) model], for individualizing lifelong CVD prevention with
lipid-lowering, antihypertensive, glucose-lowering, and aspirin

treatment in people with T2DM by predicting treatment effects as
gains in 10-year CVD risk, lifetime risk, and CVD-free life expectancy.
Notably, CVD-free life expectancy for a person with a history of
CVD should be interpreted as time without recurrent myocardial in-
farction or stroke.

Methods

Sources of data
The Swedish National Diabetes Registry (NDR) and the Scottish Care
Information (SCI)—Diabetes database are population wide registers. The
secondary Manifestation of ARTerial disease (SMART) study and
European Prospective Investigation into Cancer-Netherlands (EPIC-NL)
are prospective cohort studies and Action to Control Cardiovascular
Risk in Diabetes (ACCORD), the Action in Diabetes and Vascular dis-
ease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE),
Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) and the Lipid-
Lowering Trial component of the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT-LLT) are randomized
controlled trials, all including people with T2DM. Study details have been
described elsewhere.19–27 The lifetime-perspective prediction model was
developed in the Swedish NDR and externally validated in the remaining
datasets. All use of data from registries, cohorts, and trials were approved
by institutional review boards and all participants gave written informed
consent before taking part in the cohorts and trials. All studies complied
with the Declaration of Helsinki.

Participants
Participants were people aged >18 years with a diagnosis of T2DM with
or without prevalent CVD. People with a previous diagnosis of cancer
(ICD-10 codes C00–C97) or Stage 4 or 5 chronic kidney disease (esti-
mated glomerular filtration rate, eGFR <30 mL/min) were excluded.
A comprehensive overview of the eligibility criteria and definition of
T2DM used for the original cohorts and trials are provided in
Supplementary material online, Table S1.

Outcomes
Cardiovascular disease was defined as a non-fatal myocardial infarction,
non-fatal stroke, or vascular mortality. In the Swedish NDR and the
SCI—Diabetes database, this is based on linkage to cause of death regis-
ters and hospital discharge registers using ICD-10 codes. All endpoint
definitions of all studies are described in Supplementary material online,
Table S1. Non-vascular mortality was defined as all deaths other than
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those with an identified cardiovascular cause as described in
Supplementary material online, Table S1.

Predictors
Based on existing diabetes risk scores and availability in routine clinical
practice, 11 selected predictors were sex (female/male), current smoking
(yes/no), systolic blood pressure (SBP in mmHg), body mass index (BMI
in kg/m2), haemoglobin A1c (HbA1c) measured using the International
Federation of Clinical Chemists (IFCC) reference method (in mmol/mol),
eGFR estimated by the Chronic Kidney Disease Epidemiology
Collaboration equation28 (CKD-EPI in mL/min/1.73 m2), non-high-
density lipoprotein cholesterol (non-HDL-c in mmol/L), albuminuria (no/
micro/macro), duration of T2DM (years since diagnosis), insulin treat-
ment (yes/no), and history of CVD (yes/no).10–13,29 The number, propor-
tion, and type of missing data, and methods dealing with missing data in
each dataset are described in the Supplementary material online,
Appendix. No multicollinearity was detected between predictors.

Statistical analysis
Development of the lifetime model

A random sample of 75% of people from the Swedish NDR
(n = 292 024) was used as the development dataset. Continuous predic-
tors were truncated at the 1st and 99th percentile to limit the effect of
outliers. Using these data, we developed two complementary Fine and
Gray competing risk adjusted Cox proportional hazard models with left
truncation and right censoring: one for the prediction of CVD events
using non-vascular mortality as the competing endpoint (i.e. model Part
A), and another for the prediction of non-vascular mortality using CVD
events as the competing endpoint (i.e. model Part B). Cumulative CVD-
free survival was calculated using the complementary models making use
of life-tables with 1-year time intervals. Cardiovascular disease-free life
expectancy of an individual was defined as the median survival without
myocardial infarction or stroke or death, which was the age where the
estimated cumulative survival drops below 50%. Ten-year CVD risk was
calculated by summation of the predicted cause-specific CVD risk in the
first 10 years from a person’s current age onwards. Similarly, lifetime risk
was calculated by the summation of the predicted cause-specific CVD
risk from a person’s current age onwards until the maximum age of 95
years.15,30 A description of the statistical methods is described in the
Supplementary material online, Appendix. The sample size was more than
sufficient by conventional assessment for prediction models with >1000
endpoints per variable.31

Model validation

Goodness of fit was assessed for vascular events, non-vascular mortality,
and the combined outcome of CVD-free survival separately using calibra-
tion plots for internal and external validation (see Supplementary material
online, Appendix).32 The models were recalibrated based on the incidence
of CVD and incidence of non-vascular mortality using the expected vs.
observed ratio in data from all geographic regions. The logarithm of the
expected vs. observed ratio was subtracted from the linear predictor.
Discrimination was quantified using c-statistics.

Prediction of individual treatment effect

We combined competing risk adjusted Cox proportional hazard function
A for prediction of CVD with hazard ratios (HRs) from randomized trials
or meta-analyses to predict the individual treatment effect and lifetime
benefit of treatment. The HR of smoking cessation on non-vascular mor-
tality was added to competing risk adjusted Cox proportional hazard
function B when predicting the effect of smoking cessation. All other pre-
dicted treatment effects were assumed to have no effect on non-vascular

mortality (i.e. lipid, blood pressure, glucose, and aspirin treatment). This
method of calculating projected individual treatment effects has previous-
ly been applied by the American Heart Association and American
College of Cardiology in their ‘ASCVD risk estimator plus’ based on the
Pooled Cohort Equations for primary prevention.18 By using life-tables,
any gains in CVD-free survival is automatically adjusted for competing
risks by increasing the time at risk for non-CVD mortality. In this study,
we derived estimates of the effect of lipid-lowering, glucose-lowering,
blood pressure-lowering, and aspirin treatment.9,33,34 The HRs for differ-
ent medications used (statins, ezetimibe, PCSK9-inhibitors, antihyperten-
sive medication, HbA1c-lowering, SGLT2-inhibitors, GLP1 analogues,
and aspirin) to estimate treatment effects are described in the
Supplementary material online, Appendix. We also derived estimates of
the effect of smoking cessation. Smoking cessation was unlike drug ther-
apy assumed to have an effect on both CVD and non-vascular mortality
(i.e. cancer mortality).35,36

The lifetime benefit of treatment for an individual person was calcu-
lated as the difference between the predicted median CVD-free life ex-
pectancy with and without treatment. Similarly, lifetime and 10-year
absolute CVD risk reduction for individual persons were estimated by
calculating the difference between the predicted 10-year CVD risk with
and without treatment. The 95% confidence interval (CI) was calculated
for the estimates, representing uncertainty of the model development,
and relative effects of trial results. This was performed using bootstrap
techniques. However, due to computational issues, bags of little boot-
straps were necessary. First, 100 random samples without replacement
of nˆ0.8 = 292, 024ˆ0.8 = 23 569 patients were computed. In each ran-
dom sample, 400 bootstrap samples were taken to obtain boundaries of
95% CIs. The average of all 100 upper and lower 95% CI gave the 95% CI
around the predicted estimates.37

Results

The selection of development and validation cohorts from the
Swedish NDR is illustrated in Supplementary material online, Figure
S1. Baseline characteristics of all study populations are described
pooled by geographical origin in Table 1, and stratified by original
study cohort in Supplementary material online, Table S2.

Development of the Diabetes Lifetime-
perspective prediction model
The calculation formulae including the coefficients of the Cox pro-
portional hazard functions, age-specific baseline survivals, and HRs of
intended treatment of the model are provided in Supplementary ma-
terial online, Tables S3 and S4. The HRs for Cox proportional hazard
functions A and B of the DIAL model are shown in Table 2. Quadratic
transformation of continuous predictors was applied for BMI, SBP,
HbA1c, non-HDL-c, and eGFR for Cox proportional hazard function
A (CVD) and for BMI, SBP, and BMI for Cox proportional hazard
function B (non-vascular mortality). Interactions between age and
sex, smoking, history of CVD, and treatment with insulin, were added
to Cox proportional hazard functions A and B. Due to the presence
of competing risks, interactions with age and transformations of
determinants the coefficients and HRs as presented in Table 2 should
be interpreted with caution. For example, although the HR of history
of CVD in model Part B (non-vascular mortality) is 0.25, this should
not be interpreted as a protective effect from an aetiological perspec-
tive. More likely, from a prognostic perspective, increased incidence
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..of vascular events in patients with a history of CVD simply results in a
less frequent observation of non-vascular mortality. Also, since his-
tory of CVD interacts with age, the HRs are presented for a 65-year-
old patients and change with changing age. Furthermore, HRs need
to be seen in combination with the age-specific baseline hazards and
are therefore difficult to interpret.

Internal validation
Predicted 10-year risk for CVD and all-cause mortality (CVD risk and
non-vascular mortality risk combined) showed good agreement with
the 10-year observed risk in the development dataset (see
Supplementary material online, Figure S2). The c-statistics were 0.83
(95% CI 0.83–0.84), 0.72 (0.72–0.73), and 0.77 (0.76–0.77) for

....................................................................................................................................................................................................................

Table 2 Hazard ratios derived from a multi-variable model used in the Diabetes Lifetime-perspective prediction
model

Cox proportional hazard function A

(vascular events), HR (95% CI)

Cox proportional hazard function B

(non-vascular mortality), HR (95% CI)

Male sexa 0.91 (0.88–0.94)a 0.89 (0.87–0.91)a

Current smokinga 1.04 (1.00–1.09)a 1.46 (1.43–1.50)a

Duration of T2DM (years) 1.02 (1.01–1.02) 1.01 (1.01–1.01)

Insulin therapya 1.02 (0.98–1.06)a 1.04 (1.01–1.07)a

Systolic blood pressure (mmHg)b 1.06 (0.95–1.17)b 1.01 (0.93–1.10)b

Body mass index (kg/m2)b 0.88 (0.81–0.97)b 0.89 (0.84–0.95)b

HbA1c (mmol/L)b 1.15 (1.05–1.26)b 1.00 (1.00–1.00)

Non-HDL-c (mmol/L)b 1.16 (1.10–1.23)b 0.96 (0.92–1.00)b

eGFR (mL/min/1.73 m2)b 0.64 (0.60–0.69)b 0.99 (0.99–0.99)

Micro-albuminuria 1.18 (1.14–1.22) 1.17 (1.14–1.20)

Macro-albuminuria 1.23 (1.18–1.28) 1.24 (1.20–1.28)

History of cardiovascular disease 9.99 (9.63–10.36)a 0.25 (0.24–0.26)a

aAge-dependent variables. Hazard ratios are shown for the median age of 65 years.
bTransformed variables. Hazard ratios are shown for the 75th percentile vs. the 25th percentile (systolic blood pressure: 150 mmHg vs. 128 mmHg; body mass index: 33 kg/m2

vs. 26 kg/m2; HbA1c: 59 mmol/L vs. 44 mmol/L; eGFR: 96 mL/min vs. 68 mL/min; and non-HDL-c: 4.5 mmol/L vs. 3.0 mmol/L).

........................ ..................................................................................................................................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics for study populations used in the Diabetes Lifetime-perspective prediction model
pooled by geographical origin

Derivation Validation

Group size NDR

derivation

(n 5 292 024)

NDR

validation

(n 5 97 342)

Western-

Europe

(n 5 7742)

Eastern-

Europe

(n 5 2142)

North-

America

(n 5 14 590)

Asia and

Oceania

(n 5 5580)

Scotland

(n 5 167 731)

Age (year) 65 (57–74) 65 (57–74) 65 (59–70) 65 (59–71) 63 (58–68) 65 (60–69) 60 (51–68)

Sex (male) 164 672 (56%) 54 584 (56%) 5074 (66%) 949 (44%) 8488 (58%) 3196 (57%) 96 989 (58%)

Current smoking 48 235 (17%) 16 206 (17%) 1419 (18%) 377 (18%) 1989 (14%) 741 (13%) 59 434 (35%)

Duration of diabetes

mellitus (year)

2 (0–7) 2 (0–7) 2 (2–5) 7 (3–12) 6 (2–12) 7 (3–12) 0 (0–0)

Insulin treatment 49 388 (17%) 16 639 (17%) 606 (8%) 43 (2%) 3587 (25%) 84 (2%) 16 373 (10%)

Systolic blood pressure

(mmHg)

140 (128–150) 140 (128–150) 150 (137–164) 148 (135–163) 139 (127–150) 141 (128–155) 135 (125–145)

Body mass index (kg/m2) 29 (26–33) 29 (26–33) 29 (26–32) 30 (27–33) 31 (28–35) 26 (24–29) 32 (28–36)

HbA1c (mmol/mol) 50 (44–59) 50 (44–59) 53 (45–64) 56 (46–69) 63 (55–73) 55 (48–67) 53 (46–65)

Non-HDL-c (mmol/L) 3.7 (3.0–4.5) 3.7 (3.0–4.5) 3.8 (3.1–4.6) 4.3 (3.6–5.1) 3.9 (3.1–4.6) 3.8 (3.1–4.6) 3.4 (2.7–4.3)

eGFR (mL/min/1.73 m2;

CKD-EPI)

84 (68–96) 84 (68–96) 72 (61–86) 70 (59–83) 81 (67–94) 79 (65––92) 83 (68–96)

Micro-albuminuria 43 231 (15%) 14 668 (15%) 2707 (35%) 560 (26%) 2892 (20%) 1731 (31%) 24 631 (15%)

Macro-albuminuria 20 526 (7%) 6832 (7%) 201 (3%) 99 (5%) 761 (5%) 276 (5%) 2318 (1 %)

History of CVD 55 896 (19%) 18 674 (19%) 2618 (34%) 771 (36%) 4948 (34%) 1784 (32%) 24 853 (15%)

4 G.F.N. Berkelmans et al.
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10-year CVD risk, 10-year non-vascular mortality risk, and 10-year
CVD-free survival, respectively.

External validation
Predicted 5-year risk for CVD and all-cause mortality showed
good agreement with the observed 5-year CVD-free survival in
Western-Europe, Eastern-Europe, North-America, and Asia and
Oceania (Figure 1). The c-statistic of the estimated 5-year CVD risk
was between 0.64 and 0.65 in all geographically pooled datasets. C-
statistics for 5-year non-vascular mortality risk (range 0.59–0.67) and
5-year risk for CVD and all-cause mortality (range 0.64–0.69) are
shown in Supplementary material online, Table S5. Cardiovascular
disease event rates were higher in the Scottish Care Information–
Diabetes database (17 per 1000 people per year) compared with the

Swedish NDR (11 per 1000 people per year). After recalibrating the
model for differences in predicted vs. observed event rates, external
validation in Scottish data showed good agreement between the pre-
dicted and observed 10-year risk for CVD and all-cause mortality
(Figure 1). Discrimination of 10-year CVD risk was 0.64 (95% CI
0.64–0.65; see Supplementary material online, Table S5).

Individual lifetime estimates and
treatment effects for people with Type 2
diabetes mellitus
An interactive calculator is provided at www.U-Prevent.com.
Patient characteristics and current medication can be entered in
this decision support tool to estimate individual risk and CVD-free

Figure 1 Calibration plots in external dataset pooled by geographical region. Predicted vs. observed 5-year risk of cardiovascular disease and all-
cause mortality according to the Diabetes Lifetime-perspective prediction model in quintiles of risk in (A) Eastern-Europe, (B) Western-Europe, (C)
North-America, and (D) Asia and Oceania. (E) Predicted vs. observed 10-year risk of cardiovascular disease and all-cause mortality according to the
Diabetes Lifetime-perspective prediction model in deciles of risk in Scotland. CVD, cardiovascular disease.
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.survival. Also the individual effect from medication changes can be
modelled in terms of CVD-free life-years gained, absolute risk reduc-
tion, and individual number needed to treat. Absolute treatment
effects vary widely between individuals. As an example, we modelled
that a combination therapy of simvastatin 40 mg, ezetimibe 10 mg, and
SBP-lowering to 140 mmHg, conferred between 0.04 (95% CI 0.01–
0.04) and 12.5 (95% CI 11.0–21.2) years gained without CVD events
in people enrolled in the Swedish NDR. Treatment effect was lowest
(<0.05 CVD-free years) in people who were 78 years or older, with-
out a history of vascular disease, SBP of <140 mmHg, and low-density
lipoprotein cholesterol (LDL-c) of <3.0 mmol/L at baseline.

Treatment effect was highest (>10 CVD-free years) in people aged
55–70 years, with a history of vascular disease, SBP >160 mmHg and
LDL-c >3.0 mmol/L at baseline. As another illustration example,
Figure 2 shows the expected result of starting the same treatment (i.e.
simvastatin 40 mg) in three different people with T2DM.

Discussion

In this study, we have developed and validated the DIAL model to
predict CVD-free life expectancy, lifetime risk, and 10-year CVD risk

Figure 2 Examples of treatment effects of simvastatin 40 mg vs. no treatment in people with different characteristics.

6 G.F.N. Berkelmans et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehy839/5281244 by U
N

IVER
SITAT D

E BAR
C

ELO
N

A. Biblioteca user on 10 January 2019



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
in people with T2DM using widely available patient characteristics.
The novelty of this tool compared with previous models is that it not
only predicts 5-year of 10-year risk, but also long-term perspective
outcomes. In addition, the DIAL model takes competing non-
cardiovascular mortality into account and can, therefore, be used to
estimate unbiased lifetime benefits of preventive treatment when
combined with trial findings. Therefore, the DIAL model may help
clinicians to translate group-level trial findings to the individual pa-
tient. The interactive calculator at www.U-Prevent.com facilitates the
actual use of the DIAL model in clinical practice. We have validated
the DIAL model in populations from different continents and have
demonstrated that, after recalibration, it has the potential to support
medical decision-making for CVD prevention in people with T2DM
in diverse populations. The discriminative ability of the model was
moderate in each external validation dataset consistent with external
validation of previous risk scores. For example validation of the
ADVANCE risk score in EPIC-NL and SMART gave c-statistics of
0.62 and 0.68, respectively.38 The cardiovascular event rate was
higher in Scotland compared with Sweden, due to differences in mul-
tiple factors not taken into consideration in the model, including life-
style differences. Recalibration of the DIAL model allows it to be
adapted for use in populations with varying levels of CVD risk. Users
can choose to apply either the low-risk CVD event rate (based on
the Swedish cohort, i.e. 11/1000 people per year) or the high-risk
event rate (based on the Scottish cohort, i.e. 17/1000 people per
year), whichever is more appropriate for their population. Although
calibration plots show an overestimation for patients at the highest
risk, in clinical practice this is unlikely to lead to erroneous clinical
decisions. Overestimation occurs in patients with 5-year risks of
>20% (corresponding to 10-year risks of >40%). Even though over-
estimated, the true observed risk in these patients is still very high
and should urge for intensive medical therapy anyway. Also, overesti-
mation of risk in the high-risk patient category is not a specific limita-
tion of the DIAL model, but in line with previous validation studies of
CVD-risk models in diabetes patients.38

Several studies have convincingly demonstrated the advantage
of lifetime prediction compared with traditional 5-year or 10-year
risk predictions. A microsimulation model based on 5-year follow-
up of the Rotterdam Study showed that the gain in total CVD-free
life expectancy increased as risk factor levels increased. The gain in
total CVD-free expectancy decreased with advancing age, whereas
10-year risk for CVD mortality, and therefore, 10-year risk reduc-
tion, increased with age.39 In other primary prevention settings for
example, smoking cessation at age 60 years, 50 years, 40 years, or
30 years resulted in about 3 years, 6 years, 9 years, and 10 years of
life-years gained, respectively. This indicates that the highest life-
time benefit can be gained by reducing risk factors early in life,
ideally with lifestyle interventions but, if necessary, with drug
treatment.40

In clinical practice, prediction of lifetime benefit in CVD-free life-
years gained would enable patients (as well as clinicians) to better
understand the potential benefits of treatment. Such information
could help patients to participate in the decision-making process
about treatment and may also motivate them to adhere to therapy.
Clinicians and patients can balance the benefit and possible disadvan-
tages of treatment, to decide whether preventive medication should
be started or stopped. Also, the ability to estimate which preventive

therapy is most effective (e.g. lipid-lowering, glucose-lowering, blood
pressure-lowering, or aspirin treatment) can help to decide what
treatment should be initiated first, and what treatment can be post-
poned or not prescribed to avoid excessive polypharmacy.

Using the concept of predicting lifetime benefit for making treat-
ment decisions will result in changing characteristics of people eligible
for treatment, towards higher proportions of younger people with
higher risk factor levels. This group of people needs to be treated
over a longer period of time resulting in higher treatment costs.
Prediction based treatment using the DIAL model could theoretically
also lead to higher cost-effectiveness of treatment on a group-level.
This, of course, should be confirmed by future cost-effectiveness
studies. Also, it is not clear whether stopping treatment in older peo-
ple would offset these costs and health economic analyses are
required to investigate and to establish appropriate thresholds of
minimum gain in life-years free of CVD.

The strengths of this study include the use of a large number of
people from diverse cohorts. Since the Swedish and SCI—Diabetes
database are registries with information for over 90% of people with
T2DM in both countries, there is limited selection of people with
T2DM, in contrast to trial populations.41 Therefore, these registries
are close to true representations of their populations and this
increases the generalizability of the DIAL model to clinical practice.
Extensive validation of the DIAL model in large and diverse popula-
tions supports the use of the DIAL model in people with T2DM with-
out chronic kidney disease (eGFR <30) or metastatic cancer in
different parts of the world. However, new external validation stud-
ies using data of other and new trials including T2DM patients could
further enhance the validity of the DIAL model.

Some limitations of the DIAL model should be considered.
Although our model can guide the decision to start treatment for the
prevention of CVD, it must be emphasized that there are other rea-
sons for people with T2DM to start preventive therapy (e.g. preven-
tion of neuropathy, retinopathy, diabetic nephropathy, or foot
ulcers). The DIAL model predictions do not incorporate these effects
and may, therefore, underestimate the total treatment benefits. In
addition, some people use preventive medication for other indica-
tions. For example, lipid-lowering drugs are also used for monogenet-
ic dyslipidaemias, antihypertensive drugs are used to reduce
progression of aneurysms, and diuretics are used for heart failure.
The DIAL-score may not be applicable to people with such comor-
bidities. Additional risk factors such as socio-economic status, coron-
ary calcium scores, and ethnicity have not been incorporated in the
model and may have improved performance. However, addition of
more risk factors to prediction models generally only leads to minor
improvements model performance.42 Finally, the initial and most ef-
fective approaches to primary and secondary prevention of T2DM
are lifestyle changes, such as sufficient physical activity, healthy diet
and, where appropriate, weight loss. Clearly prediction of effects of
lifestyle interventions would be valuable. However, it is currently not
feasible to include lifestyle factors in prediction models given the lack
of robust estimates of the effect size for lifestyle interventions from
randomized controlled trials.

Other limitations of the methods used to develop and validate the
DIAL model, and to estimate treatment effects should be acknowl-
edged. Validation could only be performed for 10-year and 5-year
predictions due to the limited follow-up in the included cohorts and
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..trials. Lifetime estimates often go beyond 10-year predictions, and re-
quire the assumption that rates will be similar for a current 40-year-
old in 40 years’ time to those of an 80-year-old today. This is a major
assumption but previous studies have shown that lifetime estimates
based on the methods we used appear to apply for a survival of up to
17 years.15 Nevertheless, longer-term validation would be preferable
and will be possible as follow-up data accrue in Sweden and Scotland.
Also, the lifetime benefits are calculated assuming immediate, lifelong,
successful (i.e. targets reached) and uninterrupted treatment from
their current age onwards. The estimated treatment effects are the
maximum potential benefit with treatment (i.e. full adherence, usage
as prescribed). In clinical practice treatment adherence to preventive
medication is reported to be 50% primary and 66% in secondary car-
diovascular prevention settings.43 Yet the DIAL model is intended to
support medical decision-making by providing estimates about what
a patient and healthcare professional can expect when adhering to a
treatment as prescribed. The predicted treatment effects are based
on the results of large randomized clinical trials in which adherence
to treatment usually is about 80%. Furthermore, possible changes in
risk factor levels over time were not taken into account. For example,
blood pressure and cholesterol were assumed to remain stable over
time. Therefore, re-evaluation of CVD-free survival and treatment
effects after 5–10 years is advised based on our validation to ensure
valid predictions to guide treatment decisions.

Conclusion

CVD-free life expectancy as well as the effect of lifelong lipid-
lowering, glucose-lowering, blood pressure-lowering, and aspirin
treatment in terms of CVD-free life-years gained can be reliably pre-
dicted for people with T2DM using readily available characteristics.
The DIAL model may facilitate personalized treatment and support
shared decision-making and patients’ motivation to adhere to pre-
scribed drug-treatments to reduce CVD risk.

Supplementary material

Supplementary material is available at European Heart Journal online.
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