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Abstract

Background People living with type 2 diabetes (T2D) are at a two- to four-fold higher risk of developing
cardiovascular disease (CVD) compared with those without T2D, making early assessment of their CV risk essential.
European Society of Cardiology (ESC) has developed a new model to estimate 10-year CV risk in people with T2D
aged >40 years: SCORE2-Diabetes. Despite its advantages, several aspects remain to be clarified. This study evaluated
the association between CV risk stratified by SCORE2-Diabetes and early CV damage assessed through arterial
stiffness, intima-media thickness (IMT), and carotid atherosclerosis. Additionally, it examined the agreement between
risk stratification by SCORE2 and SCORE2-Diabetes and their concordance with vascular damage.

Methods Pulse wave velocity (PWV), IMT, and carotid atherosclerosis were assessed in 179 individuals with T2D aged
40-69 years, categorized into SCORE2-Diabetes risk groups: Low (n=20), Moderate (n=29), High (n=44), and very
high (n=37). Patients with a history of atherosclerotic cardiovascular disease (ASCVD) or severe target organ damage
(TOD) constituted another group (ASCVD/TOD, n=49).

Results PWV was significantly increased from Low to very high and ASCYD/TOD groups (7.2+1.1,87+1.9,9.8+2.3,
12.8+5.1 and 11.5£3.8 m/s, respectively). Similarly, IMT showed a stepwise increase with risk class (0.68+0.11,
0.78+0.13,0.83+0.12,0.86 £0.19 and 0.87+£0.15 mm, respectively). Patients in very high or ASCYD/TOD group
showed a higher prevalence of carotid atherosclerosis than other groups (0%, 17.24%, 11.40%, 37.83% and 40.81%,
respectively). No significant differences were found between the very high and ASCVD/TOD groups in any parameter.
The correlation between PWV values and increasing CV risk was stronger for SCORE2-Diabetes than for SCORE2. ROC
curve analysis showed SCORE2-Diabetes had superior predictive performance for carotid atherosclerosis and high
PWV compared to SCORE2 (p=0.048).

Conclusions Higher PWV, IMT, and carotid atherosclerosis prevalence were associated with increasing CV risk
stratified by SCORE2-Diabetes, with no significant differences between the very high and ASCYD/TOD groups.
SCORE2-Diabetes demonstrated a better identification of preclinical vascular damage compared to SCORE2,
supporting its use as a reliable tool for identifying vascular damage in T2D patients without ASCVD or TOD.

*Correspondence:
Antonino Di Pino
antonino.dipino@unict.it

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, 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 you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. 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:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12933-025-02769-7&domain=pdf&date_stamp=2025-5-16

Scilletta et al. Cardiovascular Diabetology (2025) 24:222 Page 2 of 12

Keywords Type 2 diabetes, Cardiovascular risk, Arterial stiffness, SCORE2-Diabetes, Intima-media thickness,
Atherosclerosis

Graphical abstract

Cardiovascular risk profile in subjects with diabetes:

is SCORE2-Diabetes reliable?

Results

SCORE?2 Diabetes

Background

People living with type 2 diabetes are at a two- to four-fold

higher risk of developing cardiovascular (CV) discase,
making carly asscssment of their CV risk essential

Patient with ather ic cardi lar di (ASCVD) or
severe target-organ damage (TOD)
SCORE2 Diabetes
[ | 1 -
High risk Moderate Low

te «High «Veryhigh *ASCVDTOD

ROC curves for atherosclerosis prediction

Adapted from "2023 ESC guidelines for management of cardiovascular disease in patients with diabetes”

Methods

1\ 179 participants .

5 Intima-Media Thickness (IMT) “ 3
and carotid athcrosclerosis

& Arterial stiffness
(Pulse Wave Velocity, PWYV) 2

enssy

0.0
FFEEE
* 4

CVrisk

PWYV, IMT and carotid atherosclerosis
were significantly incrcased from Low
to Very high and ASCVD/TOD groups

TOD groups in any parameter

— ROC SCORE2

~— ROC SCORE2 DIUBETES

‘ \ \ SCORE? Diabetes

08 04 02 00

SCORE2-Diabetes had superior
predictive  performance  for carotid
atherosclerosis  and  high  PWV
compared to SCORE2

Specticty

No significant differences were found
between the Very High and ASCVD/

Research insights
‘What is currently known about this topic?

+ People living with type 2 diabetes (T2D) are at a
higher risk of developing cardiovascular disease
(CVD) compared with those without T2D. ESC has
developed a new model to estimate 10-year CV risk
in people with T2D, SCORE2-Diabetes.

‘What is the key research question?

+ Is SCORE2 Diabetes a better classifier of very high
CV risk people living with T2D than SCORE2?

What is new?
+ This study demonstrate reliability of SCORE2
Diabetes in identifying subclinical vascular damage.
SCORE2 Diabetes outperforms SCORE2 in CV risk

discrimination in patients with T2D.

How might this study influence clincal practice?

+ A better stratification of CV risk of people living with
T2D could lead to more personalized treatment and
prevention strategies.

Background

Cardiovascular diseases (CVD) remain a leading cause of
illness and death in Europe, with around 13 million new
cases reported in 2019 alone [1]. Type 2 diabetes (T2D)
is a significant risk factor for CVD; people living with
T2D are at a two- to four-fold higher risk of developing
CVD compared with those without diabetes [2]. Given
the extensive burden of T2D, an early assessment of CV
in these patients is essential for better prevention and
management.

To estimate individual CV risk over a 10-year period,
risk prediction models were developed, such as SCORE2
[3] and SCORE2-OP [4], that were used in primary pre-
vention of CVD in the general population; these scores
typically integrate data on common CVD risk factors,
including age, smoking status, systolic blood pressure,
and total and HDL cholesterol in order to estimate the
individual 10-year CV risk [5, 6].
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However, given the substantial impact of T2D on CV
risk, the need for specific risk models tailored in this
population has emerged. Consequently, several pub-
lished risk models have incorporated additional diabe-
tes-related variables, such as age at diabetes diagnosis,
glycated hemoglobin (HbAlc), renal function, to better
account for the significant variability in risk among indi-
viduals with T2D [7, 8]. European society of Cardiology
(ESC) has convened an effort to extend the SCORE2
10-year risk models, enabling use in individuals with
T2D with the development and validation of SCORE2-
Diabetes, a new model that estimates the 10-year risk of
non-fatal myocardial infarction, stroke, or any CVD mor-
tality in individuals with diabetes aged 40-69 years [9].
Accordingly, 2023 ESC Guidelines for the management of
CV disease in patients with diabetes [10] recommended
to estimate 10-year CVD risk using the SCORE2-Diabe-
tes algorithm in patients aged >40 years with T2D with-
out atherosclerotic CV disease (ASCVD) or severe target
organ damage (TOD). Furthermore, patients with clini-
cally established ASCVD or severe TOD should be con-
sidered at very high risk.

The SCORE2 diabetes, although regularly validated,
does not originate from an entirely independent deriva-
tion study but rather from the integration and adaptation
of the SCORE2. This raises questions about the ability of
this new score to accurately stratify CV risk of the dia-
betic population and whether it could also be useful in
identifying subclinical CV damage. This study aimed to
evaluate the possible association between CV risk strati-
fied with SCORE2-Diabetes and early CV damage evalu-
ated with arterial stiffness, intima-media thickness (IMT)
and presence of carotid atherosclerosis; moreover, we
evaluated whether the very high-risk group, as defined by
the guidelines, has a preclinical vascular profile compa-
rable to individuals with a history of ASCVD or severe
TOD. Finally, we analyzed the agreement between risk
stratification by SCORE2-Diabetes and SCORE2 and
their ability to identify patients with subclinical altera-
tions in vascular function, specifically arterial stiffness
and carotid atherosclerosis.

Methods

Study subjects

Persons with a previous diagnosis of T2D were enrolled
from patients attending our University Hospital for dia-
betes and CV risk evaluation. The inclusion criterion
was an age range of 40—-69 years. All participants under-
went a physical examination and review of their clinical
history, smoking status and medications. The exclusion
criteria were type 1 diabetes, malignancies, rheumato-
logical disease, drug and alcohol abuse, and use of drugs
affecting glucose metabolism. We overall enrolled 179
participants.
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Study groups
Subjects were divided into five groups according to
ESC guidelines [10]. Those without ASCVD or TOD
underwent risk stratification using the SCORE2-Dia-
betes, resulting in their classification into four groups:
Low, Moderate, High, and very high CV risk. Patients
with a history of ASCVD or severe TOD constituted a
study group (ASCVD/TOD). ASCVD was defined as
clinically established atherosclerotic disease, including
conditions like coronary artery disease (CAD), cerebro-
vascular disease, peripheral artery disease (PAD), and
aortic atherosclerotic disease. Severe TOD was defined
as: eGFR<45 mL/min/1.73 m? irrespective of albumin-
uria, or eGFR 45-59 mL/min/1.73 m* and microalbu-
minuria (UACR 30-300 mg/g; stage A2), or Proteinuria
(UACR >300 mg/g; stage A3), or Presence of microvas-
cular disease in at least three different sites (e.g. microal-
buminuria (stage A2) plus retinopathy plus neuropathy).
Body mass index (BMI) was calculated as weight (kg)/
[height (m)]. Blood pressure (BP) was measured with
a calibrated sphygmomanometer after 10 min resting.
Venous blood samples were drawn from the antecubi-
tal vein on the morning after an overnight fast. Baseline
venous blood samples were obtained for the measure-
ment of clinical biochemistry parameters.

Biochemical analyses
Fasting glucose, serum total cholesterol, triglycerides,
and HDL cholesterol were measured using available
enzymatic methods.

HbA,. was measured via high performance liquid
chromatography using a National Glycohemoglobin
Standardization Program and was standardized to the
Diabetes Control and Complications Trial (DCCT) [11]
assay reference. Chromatography was performed using
a certified automated analyzer (HLC-723G7 hemoglobin
HPLC analyzer; Tosoh Corp.) (normal range 4.25-5.9%).

Estimated glomerular filtration rate (eGFR) was
assessed with the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) Equation [12]. Albuminuria
determination was performed as albumin-to-creatinine
ratio (UACR) in a spot urine sample and the mean of two
different values obtained in a period of 3—6 months was
considered [13]. LDL cholesterol concentrations were
estimated using the Friedewald formula.

Carotid ultrasound examination

Ultrasound scans were performed using a high-resolu-
tion B-mode ultrasound system, as previously described
[14]. Briefly, all ultrasound examinations were performed
by a single physician who was blinded to the clinical and
laboratory characteristics of the patients. Longitudi-
nal B-mode (60 Hz, 128 radiofrequency lines) images of
the right common carotid artery 2 cm below the carotid
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bulb were obtained using a high-precision echo track-
ing device (MyLab Alpha, Esaote, Maastricht, NL) paired
with a high-resolution linear array transducer (13 MHz)
to acquire IMT using the built-in echo tracking software.

IMT was measured also in the presence of carotid
plaques, as per the protocol. However, in such cases,
measurements were taken from the closer plaque-free
arterial segments, in line with current recommendations,
to ensure reliability and comparability.

Pulse wave velocity

The SphygmoCor CvMS (AtCor Medical, Sydney, Austra-
lia) system was used for the determination of the pulse
wave velocity (PWYV). This system uses a tonometer and
two different pressure waves obtained at the common
carotid artery (proximal recording site) and at the fem-
oral artery (distal recording site). An electrocardiogram
was used to determine the start of the pulse wave. The
PWYV was determined as the difference in travel time of
the pulse wave between the two different recording sites
and the heart, divided by the travel distance of the pulse
waveform. The PWV was calculated on the mean basis of
10 consecutive pressure waveforms to cover a complete
respiratory cycle.

Pulse wave analysis

All measurements were made from the right radial artery
by applanation tonometry using a Millar tonometer
(SPC-301; Millar Instruments, Houston, TX, USA). The
measurements were performed by a single investigator
with the subject in the supine position. The data were
collected directly with a desktop computer and processed
with SphygmoCorCvMS (AtCor Medical, Sydney, Aus-
tralia). The aortic waveform has two systolic pressure
peaks, the second is caused by wave reflection from the
periphery. With arterial stiffening, both the PWV and the
amplitude of the reflected wave are increased such that
the reflected wave arrives earlier and adds to (or aug-
ments) the central systolic pressure. The aortic wave-
form in the pulse wave analysis was subjected to further
analysis for the calculation of the aortic augmentation
(Aug) and augmentation index (Augl, calculated by divid-
ing augmentation by pulse pressure, that the difference
between the systolic and diastolic BPs) [15].

Statistical analyses

The sample size was calculated based on PWYV using a
level of significance () set to 5% and a power (1-f) set
to 80%, with an estimated difference of PWV of 15%
between low and very high risk groups. The estimated
sample size was 19 patients per group. Statistical com-
parisons of clinical and biomedical parameters were per-
formed using Stat View 6.0 and R 4.4.1 for Windows. The
data are presented as mean + SD or median (interquartile
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range). The distributional characteristics of each vari-
able, including normality, were assessed using the Kol-
mogorov—Smirnov test. One-way ANOVA for clinical
and biological data was performed to test the differences
among groups, with the Bonferroni post hoc test for
multiple comparisons. The x> test was used for categori-
cal variables. A P value <0.05 was considered significant.
When necessary, numerical variables were logarithmi-
cally transformed to reduce skewness. Spearman’s rank
correlation was used to evaluate the association between
PWYV and cardiovascular risk categories, given the ordi-
nal nature of the latter.

The subgroup of patients without evidence of ASCVD
or TOD was re-stratified for CV risk using the SCORE2
algorithm [9]. The agreement between risk stratification
by SCORE2 and SCORE2-Diabetes was analyzed and the
concordance between ultrasound findings (carotid ath-
erosclerosis) and the two scoring systems was assessed.
Sensitivity for plaque prediction was calculated for both
SCORE2 and SCORE2-Diabetes. Specificity was not
determined due to the inability of a normal ultrasound to
exclude Low or Moderate CV risk definitively.

Receiver operating characteristic (ROC) curve anal-
ysis was conducted to compare the performance of
SCORE2 and SCORE2-Diabetes in predicting CV risk
as estimated by carotid ultrasound and arterial stiffness
(PWYV >9.25 m/s, the median PWYV value for the popula-
tion). The areas under the ROC curve (AUCs) were cal-
culated for both scoring systems, and the De Long test
was applied to evaluate statistical differences between
AUCs.

Ethical statement

The study was conducted in accordance with the Dec-
laration of Helsinki and the protocol was approved by
the Comitato Etico Catania 2, protocol n. 270/C.E. 26th
April 2022. Informed consent was obtained from every
participant.

Results

Study population characteristics

According to the eligibility criteria, 179 participants were
included in this study. According to SCORE2-Diabetes,
the study population was divided into the following five
groups: Low risk group (n=20), Moderate risk group
(n=29), High risk group (n=44), Very high risk group
(n=37) and ASCVD/TOD group (n=49). As shown in
Table 1, mean age increased progressively across risk cat-
egories from low to very high and to ASCVD/TOD group
(50.00 £ 5.44 years, 55.60 +3.93 years, 61.97 +5.33 years,
66.70 £ 2.39 years, 65.20 +3.67 years). The prevalence of
male sex was higher in all risk categories, compared to
the Low risk group (35%), reaching a male prevalence of
89.8% in the ASCVD/TOD group. Also, the proportion
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Table 1 Clinical, metabolic and therapy characteristics of the study population according to CV risk class
Low risk (n=20) Moderate risk High risk (n=44) Very high risk ASCVD/TOD

(n=29) (n=37) group (n=49)
Age, years 50.00+5.44 55.60+3.93% 61.97£533*%# 66.70+2.39%#° 65.20+3.67*#°
Sex, no (%) of males 7(35) 20 (69.9) * 32(727)* 29 (784) * 44 (89.8) *°
Active smokers, no (%) 2(10) 7 (24.13) 15 (34.09) 16 (40.5) * 19(38.7) *
Age at diabetes diagnosis, years 49+463 52+6.04 51.66+10.33 5336+1246 51.33+987
SBP, mmHg 122£15 128+14 135+13* 133+9* 134+12%
Total cholesterol, mg/dl 180.45+37 181+39 169+40 160+ 33# 135+32%#°
c-HDL, mg/dl 53.09+£13.17 509+155 45.75+9.96 4548+114 42711717
c-LDL, mg/dl 104.39+38.88 106.12+38.88 93.95+36.20 88.67+£29.73 *# 62.72+2646%#°t
HBA1c, % 6.6+092 6.55+0.90 7.5+1.5%# 6.90+1.14° 769+ 1.4%#
Fasting glucose, mg/dl 133£52 116.55+20.7 148.65+52.4# 127.61+40.8° 143.87 £45.9#
eGFR, ml/min/1.73m? 112.35+2598 100.18+13.99 87.32+£19.60%# 54.19+16.94%#° 68.87 £24.48*#°
BMI, kg/m2 31.68+6.01 29.61+£574 30.04+4.26 27.73+£3.5# 29.06+4.59*
Uric acid, mg/dl 544+1.93 486+1.15 559+1.31 6.13+1.68*# 429+ 1.34%#°t
SGLT2i 8 (53%) 8 (31%) 13 (34%) 10 (33%) 7 (40%)
GLP-1 RAs 5(33%) 11 (42%) 20 (53%) 13 (43%) 5 (36%)
Statin 14 (93%) 15 (60%) 32 (84%) 21 (70%) 31 (74%)
Anti hypertensive therapy 5(33%) 16 (62%) 21 (55%) 16 (53%) 25 (60%)
Urate lowering therapy 0 (0%) 0 (0%) 1 (2%) 3 (8%) 4 (8%)

Data are presented as mean+SD, median (IQR), or percentage. ASCVD/TOD, atherosclerotic cardiovascular disease or severe target organ damage; SBP, systolic
blood pressure; c-HDL, HDL cholesterol; c-LDL, LDL cholesterol; HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; BMI, body mass index;
SGLT2i, sodium-glucose co-transporter 2 inhibitors; GLP-1 RAs, glucagon-like peptide-1 receptor agonists. *P<0.05 versus group Low; #P<0.05 versus group

Moderate; °P < 0.05 versus group High; #P <0.05 versus group very high

of smokers increased from the low risk group (10%) to
the very high risk (40.5%) and ASCVD/TOD groups
(38.7%). Systolic blood pressure was significantly higher
in all groups compared to the Low risk group. Levels of
total and HDL cholesterol decreased significantly with
increasing CV risk.

Regarding diabetes-specific parameters, no signifi-
cant differences were observed in the age of diabe-
tes diagnosis across groups. HbAlc was significantly
higher in the High risk (7.5+1.5%) and ASCVD/TOD
groups (7.69+1.4%) compared to the Low and Moder-
ate risk groups (6.6+0.92% and 6.55+0.90%, respec-
tively). eGFR decreased significantly with increasing CV
risk: Low (112.35+25.98 ml/min/1.73 m?), Moderate
(100.18 +13.99 ml/min/1.73 m?), High (87.32+19.60 ml/
min/1.73 m?), Very high (54.19+16.94 ml/min/1.73 m?),
and ASCVD/TOD (68.87 +24.48 ml/min/1.73 m?).

Regarding population characteristics not consid-
ered in the SCORE2-Diabetes model, we found that
BMI was highest in the Low risk group (31.68 +6.01 kg/
m?) and progressively decreased across higher risk cat-
egories (29.61+5.74 kg/m® in the Moderate group,
30.04 +4.26 kg/m? in the High group, and 27.73+3.5 kg/
m? in the very high group). In the very high risk group,
BMI was significantly lower compared to the Moder-
ate risk group (p=0.01). Similarly, in the ASCVD/TOD
group, BMI was significantly lower compared to the Low
risk group (p=0.05). Fasting glucose levels also varied
across risk categories. The highest values were observed
in the High risk group and the ASCVD/TOD group, both

significantly higher compared to the Moderate risk group
(p<0.05). Uric acid levels in the very were significantly
higher in High risk group compared with Low risk and
Moderate risk groups (p=0.05). In the ASCVD/TOD
group, uric acid levels were significantly lower compared
to the Low, Moderate, and very high groups (p <0.0001 vs
Low, p<0.0001 vs Moderate, p=0.01 vs High, p=0.0001
vs very high).

For none of the examined population characteristics
was a statistically significant difference observed between
the very high risk group and the ASCVD/TOD group.

The use of sodium-glucose co-transporter 2 inhibi-
tors (SGLT2i) and glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) was comparable across CV risk
groups. Statin therapy and antihypertensive therapy were
widely used, without statistically significant differences
among groups. Urate-lowering therapy showed a gradual
increase from 0% in Low and Moderate risk groups to 8%
in very high and ASCVD/TOD groups.

Vascular profile of the study population according to CV
risk classes

PWYV significantly and progressively increased from low
to very high and ASCVD/TOD groups (7.2+1.1 m/s,
8.7+1.9 m/s, 9.8+2.3 m/s, 12.8+5.1 m/s, 11.5+3.8 m/s).
Similar trend was observed for IMT, with significantly
higher values as the risk classes increase (0.68 +0.11 mm,
0.78+0.13 mm, 0.83+0.12 mm, 0.86+0.19 mm,
0.87+0.15 mm). Then, patients with very high risk or
belonging to ASCVD/TOD group were found to have
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a higher prevalence of carotid atherosclerosis than the
other groups (Low 0%, Moderate 17.24%, High 11.40%,
very high 37.83%, ASCVD/TOD 40.81%) (Fig. 1).

Notably, we found no statistically significant difference
in the considered parameters between the very high risk
group and ASCVD/TOD group.

A positive correlation (Spearman’s R=0.48, p<0.05)
was found between PWV values and increasing CV risk
categories, as shown in Fig. 2.

Reclassification of diabetic patients: from SCORE2 to
SCORE2-Diabetes

Then, all the patients without ASCVD or TOD (n=130)
underwent a CV risk re-stratification based on the
SCORE2 according to previous ESC guidelines, result-
ing in the following patient’s distribution: Low risk group
(n=37), Moderate risk group (n=63), High risk group
(n=30), and ASCVD/TOD group (n=49). Comparison of
risk stratification between SCORE2 and SCORE2 Diabe-
tes is showed in Fig. 3.

Notably, among the 100 patients initially classified as
low or moderate risk by SCORE2, 67 individuals (67%)
were reclassified as high (n=37) or very high risk (n=30)
when applying the SCORE2-Diabetes algorithm.

A positive correlation (Spearman’s R=0.28, p<0.05)
was found also between PWYV values and increasing CV
risk categories, as shown in Fig. 4, although this corre-
lation was weaker compared to that observed with the
SCORE2-Diabetes classification (R =0.48, p <0.05).
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Sensitivity in plaque prediction: SCORE2 versus SCORE2-
Diabetes

The sensitivity of SCORE2 Diabetes in predicting plaque
was 58% compared to 45% for SCORE2. Specificity was
not reported, as a ultrasound without evidence of ath-
erosclerosis does not necessarily imply Low or Mod-
erate CV risk, especially in patients with T2D; thus, its
clinical interpretability in this context may be limited.
Further analysis using ROC curves between the two
scoring systems and presence of carotid plaque revealed
an AUC of 0.706 (95% confidence interval (CI) 0.581—
0.832) for SCORE2 and 0.752 (95% CI 0.631-0.874) for
SCORE2 Diabetes, as shown in Fig. 5. Although the AUC
for SCORE2 Diabetes is nominally higher than that for
SCORE?2, the De Long test for comparing AUC showed
no statistically significant difference (p =0.13).

Finally, ROC curve analysis between the two scoring
systems and the risk classification estimated by arterial
stiffness (PWV >9.25, where 9.25 represents the median
PWYV value of the population) revealed an AUC of 0.706
(95% CI 0.581-0.832) for SCORE2 and 0.752 (95% CI
0.631-0.874) for SCORE2 Diabetes, as shown in Fig. 6.
The De Long test for comparing AUC showed that they
were statistically different (p=0.048), indicating that
SCORE2 Diabetes is a significantly better classifier than
SCORE2.

Discussion

In this study, we investigated the association between CV
risk stratified with SCORE2-Diabetes and early vascular
damage evaluated with arterial stiffness, IMT and carotid
atherosclerosis. Furthermore, we analyzed the agree-
ment between risk stratification by SCORE2-Diabetes
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Fig. 1 Vascular profile of the study population according to CV risk classes. Box plots showing PWV significantly increased from low to very high and
ASCVD/TOD groups. Similar results for IMT, with progressively higher values as the risk classes increase. No statistically significant difference was found
in the considered parameters between the very high risk group and ASCVD/TOD group. *P<0.05 versus low group; #P <0.05 versus Moderate group;

°P<0.05 versus high group. NS, not significant difference
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Distribution of PWV values according to Score 2 Diabetes risk classes
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Fig. 2 PWV distribution in risk classes according to SCORE 2 Diabetes. The boxplot shows the distribution of PWV across different cardiovascular risk
classes stratified according to SCORE2 Diabetes. ASCVD/TOD: atherosclerotic cardiovascular disease or severe target organ damage. Spearman’s correla-
tion (R=0.48, p<0.05) confirmed a positive association between PWV and increasing risk categories
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Fig. 3 Comparison of risk stratification between SCORE2 and SCORE2-Diabetes in the study population. ASCVD/TOD: atherosclerotic cardiovascular
disease or severe target organ damage. Among the 100 patients initially classified as low or moderate risk by SCORE2, 67 were reclassified as high or very
high risk using SCORE2-Diabetes, highlighting a significant reclassification that may impact clinical decision-making
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Distnbution of PWV values according to Score 2 risk classes
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Fig. 4 The boxplot shows the distribution of PWV across different cardiovascular risk classes stratified according to SCORE2. ASCVD/TOD: atherosclerotic
cardiovascular disease or severe target organ damage. Spearman’s correlation (R=0.28, p <0.05) confirmed a positive association between PWV and

increasing risk categories

and SCORE2 and their ability to identify patients with
subclinical alterations in vascular function. SCORE2-
Diabetes, being specifically designed for individuals with
diabetes, is a potentially valuable tool that could assist
clinicians in determining the intensity of certain treat-
ments (e.g., lipid-lowering therapies) as well as in consid-
ering additional interventions to prevent CVD, such as
sodium-glucose co-transporter 2 inhibitors or glucagon-
like peptide-1 receptor agonists [16].

We found significantly increasing PWV values from
Low to very high and ASCVD/TOD groups. Similar
statistically significant results were obtained for IMT.
Moreover, patients with very high risk or belonging to
ASCVD/TOD group were found to have a higher preva-
lence of carotid atherosclerosis than the other groups.
Finally, we found no statistically significant difference in
the parameters considered between the very high risk
group and ASCVD/TOD group.

Previous studies have investigated the efficacy of
SCORE2 Diabetes in different populations to assess
its relevance in demographic and socioeconomic con-
texts distinct from those in which the score was origi-
nally developed and validated. In a population of 26,544
diabetic individuals, SCORE2 Diabetes showed strong

predictive accuracy for CV events in the Dutch popula-
tion, while it underestimated event’s risk for non-Dutch
individuals; moreover, SCORE2 Diabetes underestimated
the CV risk in groups with low socioeconomic status
[17].

In this study, SCORE2 Diabetes outperforms SCORE2
in CV risk discrimination in patients with T2D: the cor-
relation between PWYV values and increasing CV risk
categories according to SCORE 2, despite being sta-
tistically significant, was weaker compared with that
observed with the SCORE2-Diabetes classification, thus
limiting the clinical relevance of SCORE2 in T2D popu-
lation. Moreover, the comparison of ROC curves of the
two scoring systems for the prediction of carotid ath-
erosclerosis and high arterial stiffness revealed a higher
AUC for SCORE2 Diabetes than for SCORE2, suggest-
ing that SCORE2 Diabetes may provide a significant but
modest improvement in identifying subclinical vascu-
lar damage in this population, as reflected by its slightly
higher AUC compared to SCORE2. A similar analysis
was performed by Campos Fernandez et al., who dem-
onstrated that SCORE2 outperforms SCORE in predict-
ing carotid plaques and increased IMT in rheumatoid
arthritis patients [18]. Importantly, the clinical relevance
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ROC curves for atherosclerosis prediction
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Fig. 5 ROC curves illustrate the performance of SCORE2 and SCORE2 Diabetes in predicting cardiovascular risk according to presence of carotid plaque

(atherosclerosis prediction)

of adopting SCORE2-Diabetes is further underlined by
the reclassification analysis: 67 out of 100 patients ini-
tially considered at Low or Moderate risk by SCORE2
were reclassified as high or very high risk using SCORE2-
Diabetes. This substantial shift in risk categorization
may have meaningful implications for clinical decision-
making, as patients reclassified to higher risk categories
would become eligible for earlier and potentially more
intensive preventive interventions, such as stricter LDL
cholesterol targets or antihypertensive therapy, according
to current ESC guidelines.

The SCORE2-Diabetes model does not take into
account certain important CV risk factors, such as obe-
sity and BMI assessment. Interestingly, in our study
population, BMI values were lower in the higher risk cat-
egories. Incorporating BMI into the score could poten-
tially improve CV risk stratification, particularly when
adjusted for age. It has been demonstrated that a high

BMI has a much greater impact on younger individuals in
terms of diabetes and CVD risk [19]. Moreover, it is pos-
sible that patients in the ASCVD/TOD category receive
more intensive medical treatment and monitoring, lead-
ing to better dietary control and weight management.
Alternatively, the lower BMI observed in the highest risk
category might be partially explained by the presence of
established CVD. This group may include older or more
clinically fragile patients, in whom weight loss or lower
BMI could reflect disease-related metabolic changes or
comorbidities. Notably, recent evidence has described
an “obesity paradox,” where higher BMI levels, particu-
larly in older adults, are not consistently associated with
increased cardiovascular mortality, and may even appear
protective in certain clinical contexts [20, 21].

Regarding uric acid, this parameter is a well-estab-
lished independent CV risk factor [22] and exhibited a
heterogeneous distribution across risk categories, with
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Fig. 6 ROC curves illustrate the performance of SCORE2 and SCORE2 Diabetes in predicting cardiovascular risk according to arterial stiffness results
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increasing values from the low to very high risk groups.
In the ASCVD/TOD group, uric acid levels were sig-
nificantly lower compared to all other groups. This
observation could also be attributed to a greater use
of pharmacological interventions in these patients, as
reflected by the higher prevalence of urate-lowering
therapy, which increased from 0% in the Low and Moder-
ate risk groups to 8% in the very high and ASCVD/TOD
groups.

Our study presents some strengths and limitations.
This is a cross-sectional study: thus, a longitudinal causal
relationship cannot be established. All participants were
White. Moreover, the proportion of individuals expected
in the risk categories of the Italian classification (mod-
erate-risk region) was not consistent within our study
group, with a higher proportion of individuals classi-
fied as high and very high risk compared to expectations
[23]. This discrepancy may be attributed to the fact that

patients were enrolled in a secondary care facility man-
aging diabetic individuals requiring more intensive hos-
pital-based care, as well as due to the small population
size, which does not clearly represent the entire diabetic
population. Additionally, LDL cholesterol was estimated
using the Friedewald formula, which may lead to inac-
curate values in the presence of elevated triglyceride
levels—a common condition in individuals with T2D—
representing a potential methodological limitation. Fur-
thermore, arterial stiffness and IMT, while non-invasive
and strongly associated with CV events [24], rare sur-
rogate markers of atherosclerosis and do not necessarily
reflect CAD. Indeed, severe CAD may be present in the
absence of significant alterations in other vascular dis-
tricts [25, 26].

As concerns strengths, we provided a comprehensive
non-invasive CV risk assessment of subjects with diabe-
tes with IMT, arterial stiffness and carotid ultrasound. In
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addition, all the subjects of the study underwent SCORE2
Diabetes algorithm in order to assess their CV risk
according to ESC guidelines. Furthermore, we focused
on the ability of SCORE2-Diabetes to detect subclinical
vascular damage (e.g., carotid plaques), particularly in
patients at very high risk, who exhibited a vascular profile
comparable to that of patients with clinically established
ASCVD or TOD.

Conclusions

In conclusion, we found increasing PWV and IMT in dia-
betic patients with progressively increasing risk classes
evaluated through SCORE2-Diabetes and a higher prev-
alence of carotid atherosclerosis in patients of very high
risk group. Moreover, patients of very high risk group
had similar vascular profile than patients with established
ASCVD or TOD, showing the reliability of SCORE2-
Diabetes in estimating CV risk, also in term of preclinical
vascular damage.

Considering our evidence, SCORE2-Diabetes could
play a critical role in clinical practice for assessing CV
risk in individuals with diabetes. However, it is essen-
tial to evaluate the patient comprehensively, addressing
aspects not included in the score, to avoid underestimat-
ing or overestimating their risk.
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