
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Araujo de et al. Diabetology & Metabolic Syndrome           (2024) 16:10 
https://doi.org/10.1186/s13098-023-01224-5

Diabetology & Metabolic 
Syndrome

*Correspondence:
Márcio Weissheimer Lauria
marciowlauria@gmail.com
1Hospital das Clínicas da Universidade Federal de Minas Gerais, Belo 
Horizonte-MG, Brazil
2Universidade Federal de Minas Gerais, Rua São Paulo 1755, apt. 1203, 
Belo Horizonte-MG 30170-135, Brazil

Abstract
The Steno Diabetes Center Copenhagen developed the Steno T1 Risk Engine (ST1RE) to predict cardiovascular 
events, encompassing fatal and nonfatal ischemic heart disease, ischemic stroke, heart failure, and peripheral 
arterial disease in type 1 diabetes mellitus(T1DM).

The current study investigated the agreement between ST1RE and the Brazilian Society for Endocrinology and 
Metabology (SBEM) classification. Participants were included in the study if diagnosed with T1DM and had at least 
one outpatient visit in 2021. Patients with established cardiovascular disease and chronic kidney disease on dialysis 
were excluded. Clinical parameters were obtained from medical records, such as age, body mass index (BMI), blood 
pressure, physical activity, current smoking, microvascular target organ damage, levels of low-density lipoprotein 
cholesterol, creatinine, glycated hemoglobin (HbA1c), and albuminuria.

Overall, 92 patients (38 males and 53 females) with an age median (P25; P75) of 33 years (25.5;42.5), BMI of 
24.8 + 4.1 kg/m2, and duration of diabetes (mean ± SD) of 23.4 + 9.5 years were evaluated. There were no differences 
considering the gender for most analyzed variables, but a higher proportion of women exhibited microvascular 
complications such as microalbuminuria, macroalbuminuria, and retinopathy. Our results show a weak agreement 
in the 10-year cardiovascular risk estimation between SBEM and ST1RE classifications. According to SBEM criteria, 
72.8% of patients were considered high-risk, while only 15.2% of patients received the same classification using 
ST1RE. The dissimilarities between these two classifications were also evident when age and gender factors were 
compared. While 60% of patients under 35 years were classified as high risk according to SBEM criteria, only 1.8% 
received this stratification risk in the ST1RE classification.

The results indicate a low agreement between the 10-year cardiovascular event risk classification by SBEM and 
the classification by ST1RE for type 1 diabetes patients without established cardiovascular disease.
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Introduction
Despite access to appropriate treatment, type 1 diabetes 
mellitus (T1DM) patients exhibit a mortality rate approx-
imately three times higher than the general population, 
with cardiovascular diseases emerging as the primary 
cause [1]. Evidence from the literature points that the 
probability of cardiovascular events in T1DM is signifi-
cantly elevated as if the patients were 10 to 15 years older, 
being the difference higher in women than in men [2]. 
This risk becomes even more relevant as life expectancy 
of diabetic patients’ post-diagnosis increases [3].Nota-
bly, conventional risk assessment tools such as the Ath-
erosclerotic Cardiovascular Disease (ASCVD) equation 
demonstrate limited applicability for T1DM patients, 
failing to consider crucial factors like age of diagnosis, 
disease duration [4], proteinuria, microalbuminuria [5, 
6], and glycemic control [7–9]. Similarly, the employment 
of UKPDS calculator, based on the results of The United 
Kingdom Prospective Diabetes Study which included 
these factors miscalculated the cardiovascular risk for 
T1DM subjects [10, 11]. Some factors such as gender 
and glycemic control may operate distinctively between 
T1DM and in type 2 diabetes mellitus (T2DM) [12, 13].

Consequently, the need for tailored risk stratification 
methods specific to T1DM patients becomes evident. To 
address this gap, the Steno Diabetes Center Copenhagen 
developed the Steno T1 Risk Engine (ST1RE) [14–16]. 
This tool aims to enhance precision in cardiovascular risk 
estimates for T1DM patients. Utilizing data from a ter-
tiary center in Denmark spanning 2001 to 2013, the algo-
rithm was devised to predict first cardiovascular event, 
encompassing fatal and non-fatal episodes of ischemic 
heart disease, ischemic stroke, heart failure, and periph-
eral arterial disease. While the ST1RE tool has demon-
strated promise, a limitation lies in its exclusive reliance 
on Danish population data, albeit publications of studies 
in other countries. Further investigations employing the 
ST1RE tool have revealed correlations with pre-clinical 
outcomes such as atherosclerosis and arterial stiffness 
[15, 16]. However, divergent outcomes were observed 
in an Italian study, where the ST1RE tool significantly 
overestimated absolute cardiovascular event risk [17]. 
Additionally, a study comparing the ST1RE tool with the 
European Society of Cardiology’s 2019 risk classification 
showed variations in high cardiovascular risk stratifica-
tion proportions, underscoring the imperative to refine 
risk assessment tools for optimal preventive interven-
tions [18]. Ongoing efforts seek to enhance ST1RE’s per-
formance by considering supplementary parameters like 
echocardiographic evaluation and NT-proBNP serum 
levels [19, 20]. In Brazil, risk stratification methods for 
T1DM patients align with those for T2DM patients, 
despite distinctive risk profiles [21]. While the latest 
guidelines from the Brazilian Society of Diabetes (SBD) 

incorporate the ST1RE tool for patients with less than 
two decades of disease duration and without other high-
risk indicators, the critiques apply to these methodolo-
gies [22].

Therefore, the present study aims to apply the novel 
ST1RE risk stratification tool and compare it with exist-
ing methodologies endorsed by the Brazilian Society of 
Endocrinology and Metabolism (SBEM) [21]. By assess-
ing the concordance between these approaches and iden-
tifying disparities, this research aims to elucidate the 
strengths and limitations of these methodologies, thereby 
guiding their clinical application.

Materials and methods
Study design
This was a cross-sectional study, from retrospective med-
ical records of patients attending outpatient diabetic clin-
ics at Hospital das Clínicas, Federal University of Minas 
Gerais (UFMG), Brazil. Participants were included in 
the study if diagnosed with T1DM and had at least one 
outpatient visit in 2021. Patients with established car-
diovascular disease, chronic kidney disease on dialysis, 
or incomplete laboratory tests were excluded from this 
study.

Data collection and assessment of the cardiovascular risk
Clinical parameters, such as age, weight, height, body 
mass index (BMI), abdominal circumference, and blood 
pressure were evaluated in all patients. Regular physi-
cal activity was a dichotomous variable, indicating posi-
tive response for patients engaged in ≥ 3.5  h of weekly 
activity. Current smoking was defined as consuming one 
or more cigarettes per day. Microvascular target organ 
damage encompassed diabetic retinopathy, nephropa-
thy, and neuropathy. Retinopathy was defined through 
specific ophthalmological evaluation, while nephropa-
thy was identified by reduced creatinine clearance (< 60 
ml/min/1.73  m²) and/or presence of micro or macro-
albuminuria. Neuropathy diagnosis relied on clinical 
assessment, including symptom evaluation and clinical 
examination, without supplementary exams. Labora-
tory parameters included the serum levels of low-den-
sity lipoprotein (LDL) cholesterol, creatinine, glycated 
hemoglobin (HbA1c), and urinary levels of albuminuria. 
The glomerular filtration rate was estimated using the 
Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) formula continuous variables. Cardiovascular 
risk was estimated for all patients using both the ST1RE 
tool and recommendations from the SBEM guideline. 
Patients were categorized into low, intermediate, and 
high/very high-risk groups by both methods.
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Statistical analysis
Data were presented as mean ± standard deviation (SD) 
or median and percentiles (P) 25–75 following graphical 
analysis for normality. Categorical data were expressed 
as absolute frequency (relative frequency; %). Clinical 
parameters were analyzed for the presence of statistical 
differences between males and females in Table  1, and 
between high risk population by SBEM and high risk 
population by ST1RE in Table   2. Continuous data were 
analyzed using t-Student and Mann-Whitney U tests 
based on data normality, while categorical data were 
assessed using Pearson’s chi-square or Fisher’s exact tests 
as displayed in Tables 1 and 2. Cohen’s Kappa test was 
employed to calculate agreement between the two meth-
ods [23]. The tools were considered to be in agreement 
when the same patient received an equal cardiovascular 
risk classification – low, intermediate or high – by both 
tools.

Results
The key characteristics of the studied population (n = 92; 
39 males and 53 females) are displayed in Table  1. The 
median (P25; P75) for age was 33 years (25.5; 42.5), and 
HBA1c was 8.3% (7.5;9.7). The BMI was (mean + SD) 
of 24.8 + 4.1  kg/m2, and the duration of diabetes was 
(mean + SD) 23.4 + 9.5 years. Systolic blood pres-
sure was (mean + SD) 122.3 + 15.6 mmHg and dia-
stolic of 75.6 + 10.2 mmHg. The LDL cholesterol levels 
(mean + SD) was 94.3 + 27.2 mg/dL. There were no differ-
ences considering the gender for most analyzed variables 
such as age, duration of diabetes, age at the time of diag-
nosis, BMI, tobacco use, HBA1c, systolic and diastolic 
blood pressure, LDL cholesterol, and creatinine clear-
ance. However, a higher proportion of women exhibited 
microvascular complications such as microalbuminuria, 
macroalbuminuria, and retinopathy (Table 1). The preva-
lence of neuropathy was similar between the genders.

Figure  1 illustrates the concordance between cardio-
vascular risk classifications by SBEM and ST1RE. The 
SBEM classification identified 26.1% of patients as Low-
risk, of which 25.0% were classified as low risk by ST1RE 

Table 1 General characteristics of the study population
Total
N = 92

Men
(n = 38)

Women
(n = 53)

p-
value

Age (years) 33.0 (25.5; 42.5) 33.0 (26.0; 40.0) 33.0 (25.0; 43.0) 0.955

Diabetes duration (years) 23.4 (± 9.5) 22.9 (± 9.0) 23.7 (± 10.0) 0.685

Age of T1DM onset (years) 11.0 (5.0; 15.0) 10.0 (4.0; 15.0) 11.0 (5.0; 15.0) 0.955

Early onset T1DM
(1–10 years of age)

47.8 (44) 52.6 (20) 45.3(24) 0.479

BMI (kg/m2) 24.8 (± 4.1) 24.9 (± 3.2) 24.6 (± 4.7) 0.790

HbA1c (%) 8.3 (7.5; 9.7) 8.2 (7.4; 9.3) 8.8 (7.6; 10.1) 0.101

SBP (mmHg) 122.3 (± 15.6) 121.1 (± 11.7) 123.0 (± 18.0) 0.580

DBP (mmHg) 75.6 (± 10.2) 75.1 (± 10.0) 75.9 (± 10.5) 0.716

LDL-cholesterol (mg/dl) 94.9 (± 27.2) 91.6 (± 25.3) 97.7 (± 28.5) 0.295

eGFR (CKD-EPI)
(ml/min/1.73 m2)

105.5 (80.5; 117.0) 111.5 (94.0; 117.0) 99.0 (75.0; 116.0) 0.084

Serum creatinin (mg/dL) 0.82 (0.75; 0.95) 0.90 (0.79; 0.97) 0.78 (0.66; 0.94) 0.007
Albumin-Creatinin Ratio (mg/g)

Normal 65.2 (60) 79.0(30) 56.6 (30) 0.035
Microalbuminúria 17.4 (16) 5.2 (2) 24.5 (13)

Macroalbuminúria 17.4 (16) 15.8 (6) 18.9 (10)

Microvascular complications (%) 62.0 (57) 47.4 (38) 71.7 (38) 0.019
Nephropathy (%) 40.2 (37) 29.0 (11) 47.2 (25) 0.080

Retinopathy (%) 54.4 (50) 39.5 (15) 64.2 (34) 0.020
Neuropathy (%) 10.9 (10) 5.3 (2) 13.2 (7) 0.295

Treatments

Statins 39.1 (36) 39.6 (21) 36.8 (14) 0.788

ACE inhibitor or ARB 48.9 (45) 52.8 (28) 42.1 (16) 0.313

AAS 5.4 (5) 7.9 (3) 1.9 (1) 0.304

Physical activity 14.1 (13) 18.4 (7) 11.3 (6) 0.375

Smoking 5.8 (5) 10.8 (4) 2.1 (1) 0.162
Data are expressed as mean (± standard deviation) or median (P25;P75) or as a percentage (%); SBP systolic blood pressure; DBP diastolic blood pressure; eGFR estimated glomerular 
filtration rate; BMI body mass index; T1DM type 1 diabetes mellitus; HBA1c glycated hemoglobin
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and the remaining 1.1% as intermediate risk by ST1RE. 
SBEM identified 1.1% of patients as intermediate risk, 
which were classified as low-risk by ST1RE. The SBEM 
classification identified 72.8% of patients as high risk, of 
which 34.8% were classified as low risk by ST1RE, 22.8% 
as intermediate risk by ST1RE and 15.2% as high risk by 

ST1RE. We observed a great agreement of patients classi-
fied as “low risk” by SBEM and classified as “low risk” by 
ST1RE. However for patients classified as “high risk” by 
SBEM, only a minority was similarly classified by ST1RE, 
with a great proportion of patients classified as “low” or 
“intermediate risk” by this tool. The total agreement mea-
sured by Cohen’s Kappa coefficient was just 0.219. corre-
sponding to a weak agreement (p ≤ 0.001).

The characteristics of high-risk populations for each 
tool are shown in Table  2. All 14 participants classified 
as “high risk” by ST1RE were also classified as “high risk” 
by SBEM. High risk patients by ST1RE had a significantly 
higher age, longer diabetes duration, higher systolic 
blood pressure, lower eGFR and higher prevalence of 
abnormal albuminuria when compared to patients clas-
sified as high risk by SBEM. The other variables in the 
study were did not differ the two populations with statis-
tical significance.

The dissimilarities between these two classifica-
tions were also evident when age and gender factors 

Table 2 Characteristics of high risk participants by SBEM and ST1RE
SBEM
(n = 67)

ST1RE
(n = 14)

p-value

Age (years) 38.1 (± 10.7) 50.3 (± 9.9) 0.0002*
Sex 1.000

Male 34.9 (23) 30.8 (4)

Female 65.1 (43) 69.2 (9)

Diabetes duration (years) 27.0 (19.0; 32.0) 34.0 (31.0; 42.0) 0.029*
Age of T1DM onset (years) 11.0 (4.0; 17.0) 16.0 (10.0; 28.0) 0.065**

Early onset T1DM (1–10 years of age) 44.8 (30) 28.6 (4) 0.375

Late onset T1DM (> 10 years of age) 55.2 (37) 71.4 (10)

BMI (kg/m2) 23.4 (21.4; 28.0) 21.5 (20.4; 23.2) 0.055**

HbA1c (%) 8.6 (7.6; 10.0) 9.4 (7.8; 10.8) 0.209**

SBP (mmHg) 122.0 (110.0; 130.0) 133.0 (128.0; 144.0) 0.004**
DBP (mmHg) 80.0 (70.0; 80.0) 80.0 (78.0; 82.0) 0.226**

LDL-cholesterol (mg/dl) 90.0 (70.4; 113.4) 91.1 (71.2; 112.0) 0.925**

eGFR (CKD-EPI) (ml/min/1.73 m2 99.0 (72.0; 114.0) 69.5 (33.0; 79.0) 0.0005**
Serum creatinin (mg/dL) 0.85 (0.74; 1.03) 1.04 (0.92; 1.84) 0.0035**
Albumin-Creatinin Ratio (mg/g) 0.004
Normal 52.2 (35) 7.1 (1)

Microalbuminúria 23.9 (16) 42.9 (6)

Macroalbuminúria 23.9 (16) 50.0 (7)

Microvascular complications (%) 83.6 (56) 100.0 (14) 0.197

Nephropathy (%) 55.2 (37) 92.9 (13) 0.013
Retinopathy (%) 74.6 (50) 92.9 (13) 0.175

Neuropathy (%) 13.4 (9) 28.6 (4) 0.224

Treatments

Statins 52.2 (35) 71.4 (10) 0.244

ACE inhibitor or ARB 67.2 (45) 78.6 (11) 0.532

AAS 7.5 (5) 28.6 (4) 0.044
Physical activity 11.9 (8) 14.3 (2) 0.681

Smoking 4.8 (3) 7.7 (1) 0.541
Data are expressed as mean ± standard deviation or median (P25;P75) or as a percentage (%); SBP systolic blood pressure; DBP diastolic blood pressure; eGFR estimated glomerular 
filtration rate; BMI body mass index; T1DM type 1 diabetes mellitus; HBA1c glycated hemoglobin. *T-Student test, **Mann-Whitney test, Fisheŕ s Exact test were used.

Fig. 1 Agreement between SBEM and ST1RE classification of cardiovas-
cular risk
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were compared. While 60% of patients under 35 years 
were classified as high risk according to SBEM criteria 
(Fig. 2A), only 1.8% received this stratification risk in the 
ST1RE classification (Fig. 2C). This proportion increased 
in both estimators, reaching 91.9% of the patients aged 
35 years or more in SBEM classification (Fig.  2A) and 
35.8% defined by ST1RE (Fig.  2C). Considering the risk 
classification regarding gender, SBEM classified 81.1% of 
females as high risk (Fig. 2B), while 17% receive the same 
classification by ST1RE (Fig.  2D). Among males, the 
proportions are 60.5% by SBEM (Fig.  2B) and 10.5% by 
ST1RE, respectively (Fig. 2D).

Discussion
Our results show a weak agreement in the 10-year car-
diovascular risk estimation between SBEM and ST1RE 
classifications. According to SBEM criteria, 72.8% of 
patients were considered high-risk, while only 15.2% of 
patients received the same classification using ST1RE 
(Fig.  1) which is a considerable divergence. We identi-
fied individual factors contributing to this disagreement 
based on age, duration of diabetes, and gender.

Age impacted diversely on cardiovascular risk pro-
ducing different interpretations about the same patients 
risk, even in those younger than 35 years of age. This age 
cutoff was suggested by the European Society of Cardiol-
ogy (ESC) using Type 2 Diabetes Mellitus as a reference 
and produced similar distortions using the 2019 ESC risk 
classification [18].

Diabetes duration also brought changes to the classifi-
cation. Diabetes duration over 10 years is a high-risk cri-
terion according to SBEM recommendations [21], while 
for ST1RE, although included in the algorithm, disease 
duration alone is not sufficient to reclassify a patient from 
low or intermediate risk to high risk. Given the sample’s 

average disease duration of 23.4 (± 9.5) years, this differ-
ence seems relevant.

Gender factors also influenced the risk classification. 
One interesting observation in our study is that female 
patients were classified as high cardiovascular risk at 
a higher proportion than male patients, contrary to the 
usual expectation [24] Fig. 2). The observed discrepancy 
could be partially explained by the high prevalence of dia-
betic retinopathy in the sample, a factor that categorizes 
a patient as having high cardiovascular risk by SBEM but 
is not a variable in the ST1RE calculation as retinopathy 
was more prevalent among women. Women also exhibit 
a higher prevalence of diabetic kidney disease, as well as 
poorer glycemic control and slightly higher LDL levels, 
which could justify a higher proportion of female patients 
classified as high cardiovascular risk by both methods.

The divergence between the ST1RE and cardiovascular 
risk estimators, is not exclusive to SBEM classification 
since disagreements of ST1RE from other societies have 
been reported [17, 18]. We highlight the discordance of 
ST1RE with the ESC cardiovascular risk classification. In 
that study, a lower importance was attributed to age, and 
diabetes duration by ST1RE, similarly to our study [18].

In general, patients at high cardiovascular risk are rec-
ommended to use statins [22]. However, 39.1% of patients 
are on statin therapy, a conflicting figure when consider-
ing both classifications. Neither method predominates 
for patients’ cardiovascular risk analysis, and other ele-
ments are being weighed in clinical decisions regarding 
statin use. One possible explanation is that SBEM clas-
sification might be considered inadequate as it is more 
validated for type 2 diabetes, while ST1RE seems to sig-
nificantly underestimate cardiovascular risk when com-
pared to traditional stratification methods. Whether this 
underestimation comes closer or further from reality still 

Fig. 2 Comparison of proportions of cardiovascular risk levels according to the age and gender. (A) SBEM according to the age; (B) SBEM according to 
the gender; (C) ST1RE according to the age; (D) ST1RE according to the gender
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remains to be seen, which suggests that cardiovascular 
risk stratification for type 1 diabetes patients needs to be 
revisited to identify more reliably those who would bene-
fit most from interventions like statin use for the primary 
prevention of cardiovascular events.

The main strengths of this study were a reasonably 
sample size and obtention of the necessary data for clini-
cal and laboratorial classification including a screening 
for diabetic chronic complications. Limitations of the 
study are mainly based on the cross-sectional design 
that impairs the extended patient follow-up for observ-
ing clinical outcomes that could estimate better the accu-
racy of each stratification method and the potential of 
selection bias given the enrollment of patients occurred 
in a quaternary hospital-affiliated service. This situation 
could explain the sample’s poor glycemic control and 
high rate of microvascular complications, considering 
that the country’s public health service attends mostly 
lower-income patients.

Conclusion
The present study demonstrates low agreement between 
the 10-year cardiovascular event risk classification by 
SBEM and the classification by ST1RE for T1DM patients 
without established cardiovascular disease. To our 
knowledge, this is the first study comparing ST1RE with 
SBEM cardiovascular risk stratification tools. Further 
similar studies, with different sampling profiles, would be 
useful for a more comprehensive discussion of the topic.
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