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Background: The Atherosclerotic Cardiovascular Disease Risk Estimator
(ASCVD), Systematic Coronary Risk Evaluation (SCORE-2), and HEARTS risk
scales are commonly used to estimate cardiovascular risk (CVR); however,
their applicability may vary depending on the population context.

Objective: This study aims to evaluate stratification, concordance, and
associated clinical and social factors across three CVR scales in Colombian
adults at risk of type 2 diabetes.

Methods: A cross-sectional study was conducted among 868 adults. CVR was
categorized as low, moderate, or high based on ASCVD, SCORE-2, and HEARTS
criteria. Descriptive statistics were used for categorical variables, and
comparisons were made using chi-square tests. Continuous variables were
analyzed using the Kruskal-Wallis test. Concordance between scales was
assessed using weighted Cohen’s kappa (wk), and ordinal logistic regression
was applied to identify factors associated with CVR.

Results: SCORE-2 classified 34.9% of participants as high cardiovascular risk,
compared with 3.6% by ASCVD and 4.7% by HEARTS. Moderate agreement
was observed between ASCVD and HEARTS (wk =0.49; p<0.001). Living in
Bogota was associated with higher CVR according to ASCVD (OR 1.71; 95%
Cl: 1.28-2.30) and SCORE-2 (OR 1.74; 95% ClI: 1.29-2.33). Higher education
was protective in ASCVD and SCORE-2. Impaired glucose tolerance and type
2 diabetes were associated with increased CVR across all scales (p < 0.05).
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Conclusion: SCORE-2 classified a higher proportion of individuals as high
cardiovascular risk, while ASCVD and HEARTS were more conservative. The low
level of agreement between the scales highlights the need for local validation
of CVR assessment tools.
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cardiovascular diseases, cardiovascular risk, diabetes mellitus type 2, risk assessment,

risk factors

1 Introduction

Cardiovascular disease (CVD) represents the leading cause of
death globally, accounting for approximately 17.9 million deaths
annually due to heart attacks and strokes. The burden of CVD
varies across countries; in Latin America, it has been estimated
that 35% of all deaths are attributable to CVD (1). Moreover, the
prevalence of arterial hypertension (HTA) in Latin America
affects one in four women and four in 10 men (2). In Colombia,
CVD accounts for 28.7% of all deaths, and 22.8% of the
population is affected by HTA (3). Therefore, in patients without
established CVD, early identification of cardiovascular risk is
essential, and cardiovascular risk (CVR) estimation represents the
most important protective measure in primary prevention.

Various scales have been developed to estimate CVR,
including the Atherosclerotic Cardiovascular Disease Risk
Estimator (ASCVD) and the Systematic Coronary Risk
Evaluation (SCORE-2), both of which are widely used in
American and European populations (4-6). However, their
application in regions with different sociodemographic, ethnic,
genetic, environmental, and healthcare profiles requires prior
validation to ensure clinical accuracy. The World Health
Organization (WHO) has developed and validated global CVR
prediction models across 21 regions (7). In the Americas, the
Pan American Health Organization (PAHO) promotes the
HEARTS initiative as a primary care-based strategy, which has
been implemented in Colombia since 2015 and adopted by 22
countries, aiming for full deployment by 2025 (8, 9).

Despite these efforts, limitations remain, as tools like ASCVD
and SCORE-2 were developed primarily in high-income countries
with minimal representation from Latin American populations. In
response, regional adaptations, such as HEARTS in the Americas,
have been introduced (10-12). However, the coexistence of
multiple cardiovascular risk assessment tools introduces
complexity, as patients may be classified differently depending
on the scale used, leading to inconsistent treatment decisions
(11). These tools also differ in included variables and outcome
measures (6, 13, 14), and such heterogeneity complicates both
the clinical application and the administrative and financial
planning within healthcare systems.

In addition to classic risk factors, metabolic conditions like
prediabetes increase the likelihood of progressing to type 2
diabetes (T2D), CVD,
According to the International Diabetes Federation (IDF),
individuals with T2D have a 72% higher risk of myocardial

infarction, a 52% higher risk of CVE, and an 84% higher risk of

and cerebrovascular events (CVEs).
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heart failure (1, 15). These data underscore the need for
effective CVR assessment tools in this population. Although
several CVR
Colombian adults at risk for T2D remains unclear. Addressing

scales are available, their performance in
this gap could enhance risk detection and inform prevention
strategies in Colombia, Latin America, and other resource-
limited settings. Therefore, the present study aimed to evaluate
stratification, concordance, and associated clinical and social
factors of three CVR scales in Colombian adults at risk of type

2 diabetes.

2 Methods
2.1 Study design and population

This analytical cross-sectional study used data from the
PREDICOL Project (Clinical Trials.gov identifier
NCT03049839). The detailed methodology of the project has
been described in previous publications (16-20).

The initial study database included 3,816 adults aged over 30
years. For the cardiovascular risk analysis, inclusion criteria
established by the ASCVD scale were applied, as this tool only
considers individuals aged 40-79 years with complete blood
pressure and total cholesterol data, no history of cardiovascular
disease or diabetes, and no abnormal findings on stress testing or
catheterization. Consequently, 2,839 records were excluded,
yielding an intermediate sample of 977 participants eligible for
ASCVD
individuals aged 70-79 years were excluded because this age
range is not contemplated by the SCORE-2 or HEARTS in the

Americas

the application of the scale. Subsequently, 109

models. Thus, the final sample comprised 868
participants aged 40-69 years, homogeneous in terms of age and
clinical criteria, to whom all three cardiovascular risk scales
(ASCVD, SCORE-2, and HEARTS) were uniformly applied

(Figure 1).

2.2 Variables and measurements

The ASCVD, SCORE-2, and HEARTS assessment tools were
selected based on their international endorsement, applicability
in primary prevention, and prior use or validation in Latin
American populations (6, 13, 14, 21). To enable cross-tool
comparison, we additionally divided the participants into three
(low, moderate, and high)

cardiovascular risk categories
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Population and sample
Initial database: 3,816 adults aged >30 years

'

Records removed before
screening: (n =2839)

- Age: 40-79 years (ASCVD criteria)

- Missing blood pressure or total cholesterol data.
- No history of CVD or diabetes

- No abnormal results (stress test/catheterization)

ASCVD (n=977)
patients (40-79) years)
- Low risk: <5%

- Moderate: 5%-<20%
- High: >20%

!

SCORE-2: (n = 868) patients
(40-69 years)

- Low: <1%

- Moderate: >1-<5%

- High: >5%

HEARTS

(n =868), age (40-69 years)
- Low: <5%

- Moderate: 5%-<10%

- High: >10%

Final Sample: (n = 868) patients
(age 40-69 years)

Records excluded
(n=109) — Age (70-79 years)
Reason = homogenizing the sample

FIGURE 1
Flowchart describing the sample selection process. Risk categories are standardized as “low,” “moderate,” and "high” in the text, although the original
thresholds of each tool are respected.

according to internationally recognized thresholds used in global = cardiovascular  disease in  individuals  without prior

cardiovascular prevention frameworks. cardiovascular events. Based on the pooled cohort equations
(PCEs), the tool has been validated in multicenter studies, such
2.2.1 Atherosclerotic Cardiovascular Disease risk as the Multi-Ethnic (MESA),

estimator supporting its applicability across diverse populations, including

Study of Atherosclerosis

The ASCVD risk estimator, developed by the American
College of Cardiology (ACC) and American Heart Association
(AHA), assesses both10-year and lifetime risk of atherosclerotic
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African Americans (13). It incorporates age, total cholesterol,
HDL, systolic blood pressure (SBP), antihypertensive treatment,
T2D, and smoking status. Outcomes include fatal and non-fatal
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myocardial infarction and cerebrovascular events. Applicable to
individuals aged 40-79, the ASCVD risk estimator classifies risk
into four categories: low (<5%), borderline (5% to <7.5%),
intermediate (7.5% to <20%), and high (>20%). For this study,
these categories were reclassified into three groups—(1) low
(<5%), (2) moderate (5% to <20%), and (3) high (>20%)—to
align with other scales and facilitate comparison.

2.2.2 Systematic Coronary Risk Evaluation

SCORE-2 estimates the 10-year risk of fatal and non-fatal
cardiovascular events, including myocardial infarction, stroke,
and other atherosclerotic diseases. Unlike the original SCORE
model, which focused solely on cardiovascular mortality,
SCORE-2 broadens its scope and is intended for individuals
aged 40-69 years, while its complementary version, SCORE-
2-OP, is intended for those aged 70 years and older (6, 21). It
includes age, sex, systolic blood pressure, total and HDL
cholesterol, and smoking status and categorizes risk as low
(<1%), moderate (>1-<5%), high (>5% up to 10%), and very
high (>10%) (6, 21). Although SCORE-2 has been widely
adopted in clinical guidelines, its predictive performance in non-
European populations remains under evaluation. In this study,
only the SCORE-2 version was used and was limited to
individuals aged 40-69 to match the defined sample; for
comparison across cardiovascular risk scales, SCORE-2 risk
categories were recategorized into low (<1%), moderate (>1 to
<5%), and high (>5%).

2.2.3 Hearts in the Americas (HEARTS)

HEARTS is a WHO/PAHO tool for estimating 10-year CVR
of myocardial infarction, CVEs, and cardiovascular death, while
also supporting hypertension management in primary care
settings. Validated in six subregions and implemented in 21
countries, it incorporates age (40-75), sex, history of CVD,
diabetes, chronic kidney disease, smoking status, systolic blood
pressure (90-200 mmHg), BMI, and total cholesterol (140-
300 mg/dL) (14). Cardiovascular risk is classified into five color-
coded categories to facilitate visual interpretation: low (<5%),
green; moderate (5% to <10%), yellow; high (10% to <20%),
orange; very high (20% to <30%), red; and extreme (>30%),
dark red,, The HEARTS app incorporates country-specific
epidemiological data and is freely available in Spanish, English,
and Portuguese for both iOS and Android. Designed for clinical
use, especially in primary care, it also includes protocols,
guidelines, and educational tools for public use (14). In this
study, HEARTS risk categories were regrouped as follows: (1)
low (<5%), (2) moderate (5% to <10%), and (3) high (>10%).

2.2.4 Other clinical and social determinants
measures of CVR

Sociodemographic variables included age, sex, city of
Bogota D.C.), status,
educational level, and family history of diabetes. Clinical
variables included BMI (kg/mz), classified as normal (18.5-24.9),
(25.0-29.9), or (>30.0),
circumference, categorized as normal or increased using sex-

residence (Barranquilla or marital

overweight obese and  waist
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specific cutoffs (<94/>94 cm for men; <80/>80 cm for women)
(22). Physical activity was defined as >30 min of activity per day
or >4h of activity per week. Antihypertensive medication use
was recorded as a binary variable. Glycemic status was assessed
using an oral glucose tolerance test (OGTT) in participants with
a FINDRISC score of 12 or higher. Classification followed WHO
criteria: type 2 diabetes (FPG >126 mg/dL or 2-hPG >200 mg/
dL), impaired fasting glucose (FPG 110-125 mg/dL), impaired
glucose tolerance (2-hPG >140 mg/dL), and normoglycemia
(FPG <110 mg/dL and 2-hPG <140 mg/dL). Prediabetes was
defined as the presence of IFG, IGT, or both (23).

2.3 Statistical analyses

Categorical variables were summarized as frequencies and
percentages, with group differences assessed using the chi-square
tested  for
distributions

test. Continuous variables were normality

non-normal,
group
comparisons were performed using the Kruskal-Wallis test.
Agreement between the ASCVD, SCORE-2, and HEARTS scales
was assessed using weighted Cohen’s kappa (wk), with pairwise
95%
confidence intervals (CI) were reported. Multicollinearity was

(Kolmogorov-Smirnov); as were

results are reported as medians and percentiles;

comparisons and stratification by glycemic status;
assessed using correlation matrices and variance inflation factors
(VIF <5). To avoid redundancy, variables already included in
the CVR scores (BMI, family history, fasting glucose, blood
pressure, antihypertensive use) were excluded. Ordinal logistic
regression models, both unadjusted and adjusted, were fitted for
each risk scale and included city, education, marital status,
physical activity, fruit intake, waist circumference, LDL, and
OGTT classification. ORs with 95% CI were reported. Model
adequacy was confirmed using the parallel lines test (p>0.05).
Pseudo-R* and AIC were used to evaluate model performance.
Analyses were performed using STATA software, version 17.0.

2.4 Ethics statement

The study was approved by the Ethics Committee of the
Universidad del Norte (Document No. 141, issued 28 April
2016). All participants voluntarily signed informed consent and
retained the right to withdraw from the study at any time. The
research was conducted in accordance with Good Clinical
Practice (GCP) standards and the principles established in the
Declaration of Helsinki (24).

3 Results
3.1 Sample characteristics
The study included 868 participants, of whom 77.2% were

women, with a mean age of 54.9 years (SD+7.91). A family
history of T2D in first- or second-degree relatives was reported
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by 50.5% of participants. SCORE-2 classified the highest
proportion of individuals as high risk (303 participants; 34.91%),
compared to ASCVD (31 participants; 3.57%) and HEARTS (41
participants; 4.72%). Table 1 shows significant differences in
cardiovascular risk distribution with respect to age, sex, city,
education, and glycemic status (p < 0.001). Higher cardiovascular
risk was more common among participants aged >60 years,
men, residents of Bogotd, individuals with lower educational
attainment, and those with T2D. Age-stratified patterns were
particularly pronounced across the three scales: ASCVD showed
a shift toward moderate and high risk among older adults,
SCORE-2 classified the majority of participants aged >60 years
as high risk due to its strong weighting of age, and HEARTS
similarly concentrated high-risk classifications among older
individuals. In addition, family history of diabetes, smoking, and
antihypertensive use were associated with a higher probability of
being classified in the moderate or high-risk categories, whereas
BMI showed no significant association with cardiovascular risk.

3.2 Scale evaluation and agreement

The distribution of cardiovascular risk according to the ASCVD,
SCORE-2, and HEARTS scales is presented in Figure 2, showing
differences in risk categorization trends across the tools. Figure 2A
presents agreement between scales. The highest concordance was
observed between ASCVD and HEARTS (wk =0.49; 95% CI: 0.44—
0.54). Lower agreement was observed between ASCVD and
SCORE-2 (wk=0.10) and between SCORE-2 and HEARTS
(wk=0.08), with both p-values being <0.001. Figure 2B shows
stratified analyses. ASCVD and HEARTS showed the highest
agreement among participants with prediabetes (wi=0.61; 95% CI:
0.47-0.74), followed by those with normoglycemia (wik =0.48; 95%
CI: 0.42-0.54) and T2D (wk=0.27; 95% CI: 0.13-0.41). SCORE-2
comparisons showed consistently low concordance across all
(wk =0.06-0.15). A table
summarizing the original classification criteria of the three risk

glycemic  groups complementary

scales is included in the Supplementary Material.

3.3 Association between clinical
characteristics, social determinants, and
scales

The results of the bivariate relationship between T2D diabetes
risk variables and CVR scales are summarized in Table 2. Two-
hour postprandial glucose levels were significantly higher in
individuals classified as high ASCVD risk (130 mg/dL, IQR 97—
175). A similar pattern was observed for the HEARTS in the
Americas (WHO/PAHO), in which 2-h postprandial glucose
levels increased from 96 mg/dL (IQR 82-109) in the low-risk
group to 109 mg/dL (IQR 91-135) in the high-risk group
(p=0.001). However, postprandial glucose levels did not show
SCORE-2
categories (p =0.361). Waist circumference, fasting glucose, and

statistically ~ significant  differences across risk

LDL levels did not differ significantly across risk categories for
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any of the three cardiovascular risk scales (p>0.05). Table 3
presents the ordinal logistic regression models for ASCVD,
SCORE-2, and HEARTS (WHO/PAHO) cardiovascular risk
classifications. =~ SCORE-2 ~ showed the best predictive
performance (pseudo-R*=0.078; y*=109.399, p<0.001), followed
by ASCVD (pseudo-R*=0.060). HEARTS showed the lowest
explanatory capacity (pseudo-R*=0.045) but exhibited the greatest
parsimony, with lower AIC and BIC values. All models satisfied
the proportional odds assumption (parallel lines test, p > 0.05).

3.3.1 ASCVD

Residence in Bogota was associated with a higher likelihood of
classification into higher ASCVD categories compared to
residence in Barranquilla (OR 1.71, 95% CIL 1.28-2.30).
University education showed a protective effect vs. no formal
education (OR 0.28, 95% CI: 0.10-0.73). Elevated LDL
cholesterol increased the odds of a higher ASCVD category (OR
1.60, 95% CI: 1.20-2.14). Impaired glucose tolerance was also
linked to greater risk (OR 1.85, 95% CI: 1.21-2.81), and type 2
diabetes was associated with a markedly increased risk (OR 4.60,
95% CI: 2.69-7.87). In contrast, marital status, daily fruit intake,
and waist circumference did not show significant associations
with ASCVD risk (p >0.05).

3.3.2 SCORE-2

Residence in Bogotd was associated with higher odds of
classification into higher SCORE-2 risk categories compared to
residence in Barranquilla (OR 1.74, 95% CI: 1.29-2.33). Both
secondary (OR 0.43, 95% CI: 0.19-0.95) and university (OR 0.23,
95% CI: 0.09-0.56) education showed protective effects compared
to no formal education. Elevated LDL cholesterol (OR 1.47, 95%
CI: 1.10-1.96) and impaired glucose tolerance (OR 2.10, 95% CI:
1.38-3.19) were associated with a higher risk. Physical activity
was also associated with greater odds of classification into high
SCORE-2 risk categories (OR 1.72, 95% CI: 1.07-2.77). Marital
status, daily fruit intake, waist circumference, and type 2 diabetes
showed no significant associations (p > 0.05).

3.3.3 Hearts in the Americas (WHO/PAHO)
Residence in Bogotd was associated with lower odds of
classification into higher HEARTS cardiovascular risk categories
compared to residence in Barranquilla (OR 0.57, 95% CI: 0.40-
0.82). Impaired glucose tolerance (OR 2.19, 95% CI: 1.40-3.42)
and type 2 diabetes (OR 2.01, 95% CI: 1.14-3.54)
associated with a higher cardiovascular risk. Physical activity

were

was also associated with an increased odds of classification into
higher HEARTS risk categories (OR 2.21, 95% CI: 1.33-3.66).
Educational level, marital status, daily fruit intake, waist
circumference, and altered LDL levels were not significantly
associated (p>0.05).

4 Discussion

This study compared the ASCVD, SCORE-2, and HEARTS

cardiovascular risk scales in 868 Colombian adults and
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Homogeneity test (y*); n (%). OGTT, oral glucose tolerance test; NGT, patients with normoglycemia; prediabetes, patients with impaired fasting glucose (IFG), IGT, impaired glucose tolerance; T2D, type 2 diabetes mellitus; BMI, body mass index. Cardiovascular risk

(CVR) was assessed using three scoring systems: SCORE-2, which estimates 10-year risk of cardiovascular incidence and mortality; ASCVD, which estimates 10-year risk of atherosclerotic cardiovascular disease incidence; and HEARTS in the Americas, which

estimates 10-year risk of acute myocardial infarction (AMI), stroke, and cardiovascular mortality.

Bold values indicate statistically significant differences (p < 0.05).
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demonstrated differences in patient risk classification across tools.
SCORE-2 identified the largest proportion of individuals as high
risk, while HEARTS tended to classify fewer participants in
higher risk categories. The low concordance between scales
highlights the need for local validation, as differences in
predicted outcomes, methods, and context limit their
interchangeability. To facilitate comparison across tools, we
applied a harmonized three-category risk classification (low,
moderate, and high risk), a strategy commonly used in
comparative  cardiovascular  research.  Categorization  of
continuous risk scores is a widespread and accepted practice in
epidemiology (25, 26), especially when it enhances
interpretability and supports model comparison. This strategy
also aligns with reporting guidelines that emphasize the
importance of transparent justification for grouping decisions
(27). Moreover, statistical m such as reclassification analyses rely
on predefined categories to assess agreement and predictive
performance (28). In a recent example, Luca et al. demonstrated
that application of different cardiovascular guidelines to the
same high-risk population yielded significant reclassification,
reinforcing the value of standardized risk categories in
comparative studies (29).

The OGTT emerged as the most sensitive metabolic marker
across all cardiovascular risk scales. ASCVD showed stronger
associations with waist circumference, LDL cholesterol, and
T2D; HEARTS was more closely associated with IGT, physical
activity, and residence in Barranquilla; and SCORE-2
demonstrated stronger associations with educational level.
Notably, cardiovascular risk was substantially higher among
adults aged >60 years across the three scales. SCORE-2 showed
the greatest age dependency, classifying most older adults as
high risk, whereas ASCVD and HEARTS also demonstrated
clear upward shifts in risk categories among participants aged
>60 years. Existing evidence indicates that socioeconomically
disadvantaged populations experience higher rates of
cardiovascular events and face structural barriers to timely
prevention and treatment (30). In this context, CVD risk
stratification is essential for guiding cost-effective interventions,
particularly in resource-limited settings. The WHO scales offer
versions with and without laboratory tests, enabling their
application according to diagnostic availability (31). While
simplified cardiovascular models are useful in low-income
settings (32, 33), adding clinical biomarkers may improve
prediction. However, the relative contribution of clinical,
biochemical, and sociodemographic factors, especially in
populations at high metabolic risk, remains unclear. This issue
is particularly relevant for preventing CVD in individuals at
high risk of T2D. Incorporating social determinants may further
enhance predictive capacity and contextualization (34). The
variability in cardiovascular risk classification is consistent with
previous studies in Latin America. Bazo-Alvarez et al. found low
concordance among six CVR scales applied to diverse, low-
income Peruvian populations (35). In Colombia, similar
discrepancies have been reported between models such as
Framingham, SCORE-2, and AHA/ACC (36, 37). While the
Framingham score tends to overestimate risk in individuals
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FIGURE 2
Concordance of cardiovascular risk scores across glycemic states demonstrating a comparative analysis of ASCVD, SCORE-2, and HEARTS. SCORE-2
classified the highest proportion of participants as high risk 303 (34.91%), compared to ASCVD 31 (3.57%) and HEARTS 41 (4.72%). (A) Weighted
Cohen’s kappa (wk) values with 95% confidence intervals (Cls) for agreement across three cardiovascular risk classification scales: ASCVD,
SCORE-2, and HEARTS. Weighted Cohen's kappa coefficients were 0.10 (95% Cl: 0.08-0.13) for ASCVD vs. SCORE-2, 0.49 (95% CI: 0.44-0.54)
for ASCVD vs. HEARTS, and 0.08 (95% CI: 0.06-0.11) for SCORE-2 vs. HEARTS. (B) Stratified agreement by glycemic status: normal glucose
tolerance (NGT), prediabetes, and type 2 diabetes mellitus (T2D). Bars represent weighted kappa values, and vertical lines indicate 95% Cls. Values
closer to 1 indicate stronger agreement.

without a cardiovascular history (AUC = 0.65), the sex-adjusted
PROCAM model showed superior performance (AUC=0.74;
expected/observed ratio = 1.07), indicating greater discrimination
and calibration (38).

In addition, recent research recommends recalibrating
international models to include sex- and context-specific factors,
as they often overestimate risk in middle- and low-income

Frontiers in Cardiovascular Medicine

countries (39). In Colombia, SCORE-2 has been shown to
overestimate cardiovascular risk (fatal and non-fatal myocardial
infarction, stroke, heart failure, and angina) by 22% in women
and 42% in men (39). Given this overestimation and its lower
concordance with the other scales, ASCVD may provide more
accurate estimates, while HEARTS tends to classify the same

individuals as low risk. This is relevant since the WHO
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TABLE 2 Distribution of clinical characteristics by cardiovascular risk stratification in adults at risk for T2D.
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LDL, low-density lipoprotein. P-value: $Kruskal-Wallis test. No marks: not significant.

*P <0.05.

**P <0.001; IQR, interquartile range: (Q1-Q3).
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recommends initiating pharmacological prevention based on risk
stratification (40), and applying risk scales developed for high-
income countries to low- and middle-income settings could lead
to overprescription and inefficient resource use. SCORE-based
models remain among the three most commonly used
guidelines in Colombia (36). These findings underscore the
limitations of current risk stratification tools for clinical practice
and public health use, particularly in the absence of economic
evaluations of their impact (36).

Overall, the present study findings suggest that SCORE-2 may
overestimate cardiovascular risk if it is assumed that ASCVD and
HEARTS perform a more accurate risk estimation in individuals at
risk for T2D. Although the SCORE-2 scale demonstrated the
greatest explanatory power (pseudo-R> of 0.078), this does not
guarantee better individual-level clinical discrimination. The
HEARTS tool is useful in primary care due to its simplicity;
however, it omits several critical variables, which may limits its
predictive capacity (41). It also lacks factors such as family
history, socioeconomic status, and inflammatory biomarkers,
potentially limiting prediction in some subgroups. For ASCVD
(pseudo-R* = 0.060), unmeasured factors, including lifestyle or
genetics, may influence classification. Agreement between
cardiovascular risk scales varied according to glycemic status: in
normoglycemic participants, the tendency of HEARTS to
classify individuals as low CVR could avoid overtreatment; in
those with prediabetes, ASCVD offered a balanced risk
stratification; and in participants with T2D, agreement across
scales was low; however, SCORE-2 and ASCVD demonstrated
the highest relative agreement, suggesting that SCORE-2 may be
preferable when overestimation is considered safer. An
unexpected finding was the positive association between self-
reported physical activity and higher SCORE-2 risk, likely due
to subjective measurement, lack of duration/intensity data, and
possible MET underestimation in older adults (42). Prior studies
have shown that physical activity levels exceeding 26.5 MET-h/
week reduce the risk of metabolic syndrome (43) and that
achieving >1000 MET-min/week reduces mortality by 14% (44).
However, physical activity patterns are also influenced by factors
such as age, education, and geography (45), which were not
fullyaccounted for in the present analysis.

In addition, the present study identified advanced age, male
sex, low educational level, antihypertensive treatment, family
history of diabetes, and impaired glucose tolerance as factors
significantly associated with higher cardiovascular risk in at least
one of the evaluated scales. Selvin et al. reported chronic
hyperglycemia as an independent risk factor for CVD, even in
the absence of a formal diabetes diagnosis (46), supporting its
role in endothelial damage, chronic inflammation, and
atherosclerosis  progression (47, 48). A  dose-response
relationship was observed, with cardiovascular risk increasing
from normoglycemia to prediabetes and undiagnosed T2D,
consistent with results from the PURE study, which reported
higher CVD mortality in diabetes patients from low- and
middle-income countries (39). Absolute cardiovascular risk is
greater when diabetes develops at younger ages, underscoring
the value of markers such as glycated hemoglobin (49). From a
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TABLE 3 Continued

T2D

Frontiers in Cardiovascular Medicine

Altered waist circumference in women >80 cm and in men >94 cm.

*Ordinal logistic regression model, proportional odds, odds ratio (95% confidence interval). Ref., reference group.

=0.105.
0.063.

bpseudo-R> 0.078, chi-square 109.399, prob > chi? 0.000, Akaike criterion (AIC) 1,324.539, Bayesian criterion (BIC) 1,396.032. Test of parallel lines (likelihood ratio): P-value
Pseudo-R? 0.060, chi-square 86.754, prob > chi” 0.001 Akaike criterion (AIC) 1,380.251, Bayesian criterion (BIC) 1,451.744. Test of parallel lines (likelihood ratio): P-value

9pseudo- R? 0.045, chi-square 50.669, prob > chi? 0.000 Akaike criterion (AIC) 1,098.805, Bayesian criterion (BIC) 1,170.298. Test of parallel lines (likelihood ratio): P-value = 0.999.

*Statistically significant p-value < 0.05. OGTT, oral glucose tolerance test; NGT, patients with normoglycemia; prediabetes, patients with impaired fasting glucose (IFG); IGT, patients with impaired glucose tolerance; T2D, type 2 diabetes mellitus.

**p <0.01.
**p <0.05.
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pathophysiological perspective, altered glycemic metabolism
contributes to CVD through endothelial dysfunction, oxidative
stress, lipid profile changes, and chronic inflammation,
promoting atherosclerosis and plaque instability (47, 48).
Prediabetes and impaired glucose tolerance represent
intermediate but clinically relevant stages along this risk
continuum. Tests such as the OGTT and HbAlc should be
prioritized for early detection in primary care, especially in
contexts where delayed diagnosis is common (49). These
findings highlight the importance of assessing cardiovascular
risk assessment scales within specific subpopulations, such as
individuals at risk for T2D.

Of particular relevance for primary health care strategies is
the finding that clinical variables and social determinants such
as waist circumference, LDL cholesterol, and T2D were more
strongly associated with ASCVD, while IGT, physical activity,
and residence in Barranquilla were more closely associated
with HEARTS. These variables may serve as practical
predictors for the application of risk assessment scales by
untrained personnel or in resource-limited = settings.
Educational level was the only variable more strongly linked
to SCORE-2, although only slightly more so than with
ASCVD, raising the question of whether clinical and social
variables could be used to index SCORE-2 results. Waist
circumference may represent a useful anthropometric marker
for monitoring cardiovascular risk (50), potentially reducing
follow-up time in low-complexity patients, whereas the OGTT
may be more valuable in complex cases, given its superior
predictive capacity. Further studies are needed to identify
which clinical variables are most effective for this role.

Among the main strengths of this study is its comparative
approach of validated risk scales in a Latin American
population at risk for T2D. The inclusion of
sociodemographic, clinical, and metabolic variables provides a
comprehensive assessment of cardiovascular risk. However,
limitations include the cross-sectional design, which precludes
causal inference, and self-reported physical activity without
objective  measures, potentially = generating  spurious
associations, as suggested by studies questioning generic
METs in older adults (42). Likewise, the use of harmonized
risk categories to facilitate comparison across scales may have
reduced some of the nuance inherent in the original
thresholds. In addition, differences in prediction horizons and
reference populations across models may introduce minor
constraints when interpreting the results. The low pseudo-R*
values (ASCVD: 0.060; HEARTS: 0.045) indicate that
unmeasured factors, such as genetics, diet, mental health, or
environmental exposures, may influence cardiovascular risk.
Despite these considerations, this study provides meaningful
evidence on the comparative performance of cardiovascular
risk stratification tools among individuals at risk for T2D.
Our findings offer initial guidance on the limited agreement
between the three scales in this specific subpopulation and
highlight clinical variables that may help contextualize risk
assessment and disease progression in primary health
care settings.
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5 Conclusions

Our findings suggest that the OGTT may be a better predictor
of cardiovascular risk than LDL and waist circumference.
Although overall agreement across the evaluated tools was low,
ASCVD and HEARTS demonstrated moderate concordance
compared with SCORE-2, which classified the largest proportion
of participants as high risk. Different CVR scales may be more
appropriate at distinct pathophysiological stages along the
diabetes risk continuum. Further studies are needed to validate
these results, adapt models to local contexts, and evaluate their
performance in diverse populations. Improved measurement of
physical activity using validated instruments and the inclusion
of socioeconomic factors and inflammatory biomarkers could
enhance cardiovascular risk stratification in Colombia.
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