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Background: Cardiovascular risk prediction models are essential for preventive cardiology; however, most were developed in
populations with limited representation of individuals with severe obesity. Given the high prevalence of obesity in Tiirkiye and its
strong association with cardiometabolic disorders, uncertainty exists regarding the applicability and agreement of contemporary
cardiovascular risk estimation tools in this population. This study aimed to compare cardiovascular risk estimates derived from
SCORE2, SCORE2-DM, and AHA PREVENT models across geographical regions in a large obese cohort from Tiirkiye, and to
formally evaluate inter-model agreement and confounder-adjusted regional differences.

Methods: This multicenter retrospective analysis included 6,378 obese individuals recruited from seven geographical regions of
Tiirkiye. Demographic characteristics, comorbidities, anthropometric measurements, and laboratory data were obtained from standar-
dized electronic medical records. Ten-year cardiovascular risk was estimated, rather than prospectively predicted, using SCORE2,
SCORE2-DM, and AHA PREVENT equations. Regional comparisons were performed using the Kruskal-Wallis test and chi-square
analysis. Inter-model agreement was assessed using Spearman correlation, intraclass correlation coefficients (ICC), Bland—Altman
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analysis, and linear-weighted Cohen’s kappa for guideline-based risk strata. Multivariable linear regression was used to evaluate
regional differences after adjustment for age, sex, smoking, diabetes, hypertension, dyslipidemia, statin use, and body mass index.
Statistical significance was set at p<0.05.

Results: Substantial regional heterogeneity was observed in smoking prevalence, cardiometabolic comorbidities, and medication use.
Cardiovascular risk estimates differed according to the selected prediction model: SCORE?2 identified the highest median risk in
Mediterranean and Southeastern Anatolia, SCORE2-DM demonstrated relatively homogeneous risk estimates across regions, and
PREVENT showed greater regional discrimination, identifying the highest risk in the Aegean region and the lowest risk in Eastern and
Central Anatolia. SCORE2 and PREVENT showed strong rank-order agreement (Spearman p=0.95) but only modest categorical
agreement (weighted k=0.31). SCORE2-DM systematically estimated 10-year risk approximately 6 percentage points higher than
PREVENT (mean difference 6.37%, 95% LoA 5.70 to 7.04). Regional differences in risk estimates remained statistically significant
after multivariable adjustment for all three models (all p<0.009).

Conclusion: Cardiovascular risk estimation in obese individuals is highly sensitive to the choice of prediction model and regional
population characteristics. Although the three contemporary models rank patients similarly, their absolute risk estimates and
categorical risk classifications can diverge substantially, particularly in obese patients with diabetes. Because this analysis is based
on model-derived estimates rather than observed cardiovascular outcomes, our findings should be interpreted as descriptive risk
estimation rather than validated risk prediction. These findings highlight the importance of cautious interpretation of risk scores and
emphasize the need for outcome-based, population-specific validation of cardiovascular risk prediction tools in high-risk obese
populations.

Keywords: obesity, cardiovascular risk prediction, SCORE2, AHA PREVENT, Tiirkiye, multicenter study, risk stratification,
SCORE2-DM

Introduction

Despite the widespread use of cardiovascular risk scores in clinical practice, most prediction models were derived from
cohorts with limited representation of individuals with severe obesity. This creates uncertainty regarding their calibration
and clinical applicability in countries such as Tiirkiye, where obesity prevalence is among the highest in Europe.

Obesity has emerged as one of the most important global public health challenges of the twenty-first century and is
strongly associated with cardiovascular disease (CVD), type 2 diabetes mellitus, hypertension, dyslipidemia, and
increased all-cause mortality.! Beyond its epidemiological impact, obesity represents a complex multisystem disease
characterized by excessive adiposity, metabolic dysregulation, and chronic low-grade inflammation.? According to the
Global Burden of Disease study, obesity and overweight have become major contributors to preventable morbidity and
mortality worldwide, with a steadily increasing burden over recent decades.’

Excess adipose tissue, particularly visceral fat accumulation, promotes insulin resistance, endothelial dysfunction, and
proatherogenic inflammatory pathways, thereby accelerating cardiovascular disease development.* These mechanisms
form the biological basis linking obesity to cardiometabolic disorders such as diabetes, hypertension, and atherosclerotic
cardiovascular disease.” Importantly, obesity is increasingly recognized not merely as a risk factor, but as a disease entity
that amplifies cardiometabolic risk across the lifespan, even in the absence of overt metabolic abnormalities.®

The burden of obesity is particularly pronounced in Tiirkiye. According to the World Health Organization, Tiirkiye
has one of the highest prevalences of overweight and obesity among European countries, with approximately two-thirds
of adults affected.” This high prevalence translates into a substantial national cardiometabolic disease burden. In this
context, the multicenter OBREDI-TR study, which included more than 10,000 obese individuals from seven geographical
regions of Tiirkiye, demonstrated strikingly high prevalences of hypertension, diabetes mellitus, dyslipidemia, coronary
artery disease, and fatty liver disease, underscoring the scale of obesity-related health problems at a population level.®

Accurate estimation of cardiovascular risk is a cornerstone of preventive cardiology, as it guides both lifestyle
interventions and pharmacological treatment decisions. The SCORE2 algorithm, introduced by the European Society of
Cardiology, estimates the 10-year risk of fatal and non-fatal cardiovascular events and incorporates regional recalibration
to account for differences in baseline cardiovascular risk across European populations.” The SCORE2-DM model was

subsequently developed to provide diabetes-specific cardiovascular risk estimation within the SCORE2 framework.'’

2 https: International Journal of General Medicine 2026:19



Diizen Oflas et al

More recently, the American Heart Association introduced the PREVENT risk equations, designed to predict total
cardiovascular disease risk using contemporary, multiethnic cohorts and broader cardiovascular endpoints.''

Recent external validation studies have provided important insight into the real-world performance of these con-
temporary tools. Large evaluations in ethnically and socioeconomically diverse populations have shown that SCORE2
generally retains acceptable discrimination but exhibits substantial calibration variability across regions and patient
subgroups,'” and contemporary European cohorts have similarly reported divergent calibration performance when
SCORE2 is applied outside its derivation population.'®> Comparative analyses of SCORE2 with other contemporary
risk tools have further suggested that, even among Europeans, agreement between these scores can be only moderate,
supporting the need for population-specific evaluation.'® These observations are particularly relevant to high-prevalence
obesity populations such as Tirkiye, where regional cardiometabolic heterogeneity may amplify calibration differences
across risk tools.

A central limitation of these contemporary models is that obesity itself is not directly incorporated as an independent
predictor variable. Body mass index, waist circumference, and adiposity-related metabolic abnormalities are absent from
the input variables of SCORE2, SCORE2-DM, and PREVENT, despite robust evidence linking these factors to
cardiovascular risk. This omission raises specific concerns about potential misclassification or underestimation of
cardiovascular risk in obese individuals, particularly in populations with high concomitant burdens of diabetes, hyperten-
sion, and dyslipidemia.12 Furthermore, regional differences in lifestyle, socioeconomic status, and healthcare access may
influence the calibration and applicability of these tools across geographical settings.'

Despite the high prevalence of obesity and the substantial cardiometabolic burden in Tiirkiye, no large-scale,
nationwide comparison has yet evaluated how contemporary cardiovascular risk estimation tools perform, or how their
estimates differ, across this geographically and ethnically heterogeneous population. Therefore, the present study aimed
to compare 10-year cardiovascular risk estimates derived from SCORE2, SCORE2-DM, and AHA PREVENT in a large
multicenter cohort of obese individuals from seven geographical regions of Tiirkiye, with three specific objectives: (i) to
characterize regional differences in model-derived risk estimates, (ii) to formally quantify inter-model agreement using
complementary statistical approaches, and (iii) to evaluate whether observed regional differences persist after multi-
variable adjustment for demographic and cardiometabolic confounders.

Materials and Methods

Study Design and Population
Although the data were derived from the OBREDI-TR registry, the present analysis represents an independent and
purpose-built dataset with distinct inclusion criteria, variable selection, and statistical objectives, designed specifically to
evaluate contemporary cardiovascular risk estimation models rather than obesity-related comorbidity prevalence.
Accordingly, no overlapping analyses or duplicated outcomes exist with previously published OBREDI-TR studies.
The three estimation models—SCORE2, SCORE2-DM, and AHA PREVENT—were deliberately selected because they
represent the most up-to-date European and American frameworks for cardiovascular risk estimation, allowing
a comprehensive and internationally relevant comparison within a high-risk obese population.

Data were retrospectively extracted from electronic medical records covering the period 15 December 2023 to
31 December 2024. Inclusion required adult age (>18 years) and a documented body mass index >30 kg/m?. Patients
with active malignancy, established cardiovascular disease at the time of recruitment, pregnancy, or incomplete records
that prevented calculation of any of the three risk scores in their respective subpopulations were excluded from the
corresponding analyses.

Ethics Approval

The OBREDI-TR registry was approved by the Non-Interventional Clinical Research Ethics Committee of Biruni
University (Approval date: 03 November 2023; Approval No: 2023/84-01). In addition, this retrospective analysis was
approved by the Non-Interventional Clinical Research Ethics Committee of Van Yiiziincii Y1l University Faculty of
Medicine Hospital (Approval date: 16 January 2026; Approval No: 2026/01-32).

International Journal of General Medicine 2026:19 https: 3



Diizen Oflas et al

Data Collection and Definitions

Demographic characteristics, anthropometric measurements, smoking status, laboratory parameters, comorbidities, and
medication use were extracted from standardized electronic medical records. Continuous variables were summarized as
median and interquartile range (IQR), while categorical variables were expressed as counts and percentages.

Variables required for each prediction model—including age, sex, smoking status, systolic blood pressure, total and
HDL cholesterol, glycated hemoglobin (HbAlc) for SCORE2-DM, and additional variables required by AHA
PREVENT (estimated glomerular filtration rate, body mass index, and diabetes status)}—were verified for completeness
in each record. No imputation of missing values was performed for any variable. Instead, a complete-case approach was
applied separately for each prediction model: for a given model, only participants who simultaneously (i) met the model’s
eligibility criteria as defined in its original derivation study and (ii) had complete data for every variable required by that
model were included in the corresponding risk-score calculation. Cases not meeting eligibility criteria, or with any
missing required variable for a given model, were excluded from that model’s analysis only and could still contribute to
analyses of the other models if eligibility and completeness were satisfied for those models. Eligibility criteria were as
follows: SCORE2 was applied only to non-diabetic individuals aged 40—69 years; SCORE2-DM was applied only to
individuals with established diabetes mellitus aged 40—69 years; and AHA PREVENT was applied to individuals aged
30-79 years. Of the 6,378 obese individuals enrolled, the resulting model-specific analysis populations comprised 2,430
(38.1%) participants for SCORE2, 1,348 (21.1%) participants for SCORE2-DM, and 5,431 (85.2%) participants for AHA
PREVENT. Because SCORE2 and SCORE2-DM target mutually exclusive populations (non-diabetic versus diabetic),
the lower numbers for these two scores primarily reflect model-specific eligibility criteria—particularly the diabetes-
status requirement and the narrower 40—69 year age range—rather than loss of laboratory data; AHA PREVENT, with its
broader 30—79 year age range and applicability to both diabetic and non-diabetic individuals, retained substantially more
participants.

Diabetes mellitus, hypertension, dyslipidemia, coronary artery disease, chronic obstructive pulmonary disease, and
obstructive sleep apnea syndrome were defined according to contemporary international guidelines.”’

Cardiovascular Risk Assessment

Cardiovascular risk was estimated using three contemporary risk prediction models: SCORE2, which estimates 10-year
risk of fatal and non-fatal cardiovascular disease in the general population9; SCORE2-DM, applied to individuals with
diabetes mellitus to account for diabetes-specific cardiovascular risk10; and AHA PREVENT, which estimates total 10-
year cardiovascular disease risk using updated, multiethnic cohorts.''

All risk scores were computed using the official, internationally standardized equations published in the original
derivation studies of SCORE2, SCORE2-DM, and AHA PREVENT. To ensure standardization across centers, calcula-
tions were performed centrally using a single validated computational script, and inputs were verified against source
records before computation. For each model, both 10-year cardiovascular risk (%) and corresponding estimated survival
probabilities (%) were calculated. Because risk estimates were derived from model equations rather than from observed
cardiovascular events, the present analysis evaluates risk estimation rather than predictive accuracy or outcome-based
validation.

Statistical Analysis

Comparisons across geographical regions were conducted using the Kruskal-Wallis test for continuous variables and the
chi-square test for categorical variables. Post-hoc multiple comparisons were adjusted using appropriate correction
methods. Inter-model agreement was assessed using four complementary approaches: (i) Spearman rank correlation
and Pearson correlation for monotonic and linear relationships between continuous risk estimates; (ii) Bland—Altman
analysis to quantify the systematic mean difference and the 95% limits of agreement (LoA, calculated as mean difference
+ 1.96-SD); (iii) intraclass correlation coefficients (ICC, two-way mixed model, single rater, absolute agreement); and
(iv) linear-weighted Cohen’s kappa for agreement on standard categorical risk strata (low: <5%; moderate: 5—<10%;
high: >10%). To evaluate whether observed regional differences in cardiovascular risk estimates persisted after
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accounting for individual-level cardiometabolic and demographic factors, multivariable linear regression was performed
for each of the three risk score outcomes, with the dependent variable being the model-derived risk and the independent
variables comprising age, sex, smoking status, diabetes mellitus, hypertension, dyslipidemia, statin use, and body mass
index. Adjusted regional means were obtained by predicting risk at the cohort-mean covariate values, and the overall
significance of the regional effect was assessed using Type-II analysis of variance. A two-sided p-value <0.05 was
considered statistically significant. All analyses were performed using SPSS software (version 26.0, IBM Corp., Armonk,
NY, USA) and verified with Python 3 (statsmodels, scikit-learn, and SciPy libraries) for the agreement and multivariable
analyses.

With a final sample of 6,378 obese individuals distributed across seven geographical regions, the study provides
greater than 95% statistical power (o0 = 0.05, two-sided) to detect small-to-moderate between-region differences
(Cohen’s d > 0.2) in continuous risk score values, and adequate power to detect clinically relevant differences in
categorical risk classification across models. The sample size therefore exceeds conventional thresholds for descriptive
comparative analyses of cardiovascular risk estimates.

Results

Baseline Demographic and Clinical Characteristics

A total of 6,378 obese individuals were included in the analysis. Participants were recruited from seven geographical
regions of Tirkiye, with the highest proportion from the Marmara region (n = 1,385) and the lowest from Eastern
Anatolia (n = 451). Sex distribution was comparable across regions (p = 0.067). In contrast, smoking status differed
significantly between regions (p = 0.001), with the highest prevalence of active smoking observed in the Southeastern
Anatolia (32%) and Marmara (23%) regions, and the lowest prevalence in Eastern Anatolia (6%).

Marked regional heterogeneity was observed in cardiometabolic comorbidities and medication use (all p = 0.001).
The prevalence of diabetes mellitus and hypertension was highest in the Marmara and Aegean regions, whereas Eastern
and Central Anatolia showed substantially lower rates. Dyslipidemia and hyperlipidemia were also more prevalent in the
Marmara and Aegean regions. Coronary artery disease prevalence peaked in the Marmara region (28%), while chronic
obstructive pulmonary disease was most frequent in the Aegean region (27%). Obstructive sleep apnea syndrome was
most prevalent in Southeastern Anatolia (35%) and least prevalent in Eastern Anatolia and the Black Sea region (3%
each). Parallel regional patterns were observed for statin and antihypertensive drug use, with the highest utilization rates
in the Marmara region.

These demographic characteristics, smoking status, comorbidity distributions, and medication use patterns are
summarized in Table 1.

Anthropometric, Hemodynamic, and Biochemical Parameters

Anthropometric measurements were relatively homogeneous across regions. Median body mass index ranged between
35.2 and 36.6 kg/m? and median waist circumference was consistently approximately 110~111 cm in all geographical
regions. Blood pressure measurements also showed limited variability, with a median systolic blood pressure of
140 mmHg and a median diastolic blood pressure of 80 mmHg across regions.

In contrast, several biochemical parameters exhibited significant regional variation. Fasting plasma glucose and
HbAlc levels were highest in the Black Sea and Marmara regions, whereas Central Anatolia demonstrated the lowest
glycemic indices. Lipid profile analysis revealed higher triglyceride and LDL-cholesterol levels in the Mediterranean and
Black Sea regions, while HDL-cholesterol levels were lowest in Southeastern Anatolia.

Regional distributions of anthropometric measurements, blood pressure values, and biochemical parameters are
presented in Table 2.

Cardiovascular Risk Estimates by Prediction Model
Comparison of cardiovascular risk estimates across geographical regions demonstrated model-dependent differences.
According to the SCORE2 model, the highest median 10-year cardiovascular risk was observed in the Mediterranean and
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Table | Demographic Characteristics, Smoking Status, Comorbidity Distribution, and Medication Use of Participants by Geographical Regions of Tiirkiye

Mediterranean | Eastern Anatolia Aegean Southeastern Central Black Sea Marmara P Value
Region Region Region Anatolia Region | Anatolia Region Region Region

Gender Female 447 (10%) 338 (07%)° 832 (18%)° 915 (20%)° 685 (15%)° 384 (08%)° 962 (21%)° 0.067
Male 197 (11%) 113 (06%) 307 (17%)° 361 (20%)° 244 (13%)° 170 (09%)° 423 (23%)°

Smoke None-Smoke 381 (11%)° 259 (07%)* 667 (19%)° 525 (15%)° 590 (17%) 391 (11%)° 677 (19%)° 0.001
Smoke 83 (10%)™° 48 (06%)™° 118 (14%)*® 264 (32%)° 77 (09%)° 50 (06%)>® 193 (23%)*
Ex-Smoke 180 (09%)*® 144 (07%)><4 354 (17%)° 487 (24%)° 262 (13%)° 113 (05%)* 515 (25%)°¢

DM Absent 384 (09%)*"< 298 (7%)* 630 (15%)° 919 (22%)° 765 (18%)° 315 (8%)*> | 855 (21%)*° 0.001
Present 260 (12%) < 153 (7%)° 509 (23%)° 357 (16%)° 164 (07%)° 239 (11%)>>< | 530 (24%)*°

HT Absent 273 (09%)° 264 (09%)° 425 (14%)* 710 (24%)° 557 (19%)° 232 (08%)° 535 (18%)° 0.001
Present 371 (11%)° 187 (06%)° 714 21%)° 566 (17%)° 372 (11%)° 322 (10%)* 850 (25%)°

Dyslipidemia Absent 132 (15%) 36 (04%)°< 50 (06%)° 302 (35%)° 58 (07%)°>< 177 (20%)* 110 (13%)° 0.001
Present 512 (9%)° 415 (08%)°>< 1088 (20%)° 974 (18%)° 871 (16%)°>< 377 (07%)° 1275 (23%)°

Hyperlipidemia Absent 172 (8%)° 199 (9%)° 300 (14%)° 506 (24%)° 420 (20%)° 165 (8%)* 390 (18%)° 0.001
Present 472 (11%)* 252 (6%)° 839 (20%)° 770 (18%)° 509 (12%)° 389 (9%)° 995 (24%)°

CAD Absent 560 (10%)>>< 368 (7%)° 987 (18%)*P< 1123 (20%)° 878 (16%)° 487 (9%)*>< | 1159 21%)** 0.001
Present 84 (10%)>>< 83 (10%)° 152 (19%)*>< 153 (19%)° 51 (6%)° 67 (8%)*P< 226 (28%)*

COPD Absent 576 (10%)° 409 (7%)° 952 (17%)° 1151 (20%)° 815 (14%)*° 513 (9%)° 1263 (22%)° 0.001
Present 68 (10%) 42 (06%)° 186 (27%)° 125 (18%) 114 (16%)>° 41 (6%)* 122 (17%)

OSAS Absent 602 (10%)>°< 441 (7%)¢ 1067 (18%)° 1144 (19%)° 884 (15%)><4 542 (9%)° 1320 (22%)><< | 0.00I
Present 42 (11%)><¢ 10 (03%)° 72 (19%)° 132 (35%)° 45 (12%)><¢ 12 (3%)¢ 65 (17%)><

Statin Not use 352 (9%)° 312 (8%)° 612 (16%)° 821 (21%)°>< 634 (17%)° 323 (8%)*° 765 (20%)° 0.001
Use 292 (11%)° 139 (5%)° 527 21%)° 455 (18%)°>< 295 (12%)° 231 (9%)** 620 (24%)°

Antihypertensive Not use 428 (10%)*>< 350 (8%)%° 721 (17%)° 913 21%)">° 726 (17%)° 367 (8%)*°< | 858 (20%)*° 0.001
Use 216 (11%)>>< 101 (5%)%° 418 (21%)° 363 (18%)¢ 203 (10%)¢ 187 (9%)™°< 527 (26%)*°

Notes: Different letters in the same row indicate statistical significance.
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Table 2 Distribution of Anthropometric Measurements, Blood Pressure, and Biochemical Parameters by Geographical Regions of
Tiirkiye (Median [IQR])

Mediterranean Eastern Aegean Southeastern Central Black Sea Marmara
Region Anatolia Region Region Anatolia Region | Anatolia Region Region Region

Age 44 (35-55)>< 33 (27-40)° 50 (40-59)¢ 47 (37-56)° 46 (34-55)>< 43 (35-52)° 43 (37-51)><
Weight 95 (86.55-108)*> | 100 (89.9-113.7)° 97 (85-110)* 97.55 (87-110)*>< | 98 (87-111)*>< 99 (87-112)%¢ 98 (88-110)>><
Height 163 (158-170) *° 164 (159-172) 161 (155-169) 163 (157-169)*° 162 (157-170)*° 162 (157-170)°< 163 (157-171)°¢
BMI 352 (3240.35) | 36.6 (32.9-40.7) 36 (32.4-41) 36 (32.185-40.5)° 36.3 (32741 | 36.035(32.341.3)* | 36 (32.8-40.3)°
Waist circumference 110 (101-120)* 110 (101-122)* 111 (102-121) 110 (101-120)* 111 (101-122) 110 (100-120)* 110 (102-120)*
SBP 140 (135-140) 140 (130-140)*° 140 (135-140)° 140 (130-140)*° 140 (130-140) 140 (135-140)*° 140 (135-140)*°
DBP 80 (78-85.5) 80 (75-82)** 80 (76-85)° 80 (75.5-85)*° 80 (76-85)* 80 (76-85)*° 80 (76-85)*°
FBG (mg/dL) 98 (87-121)° 94 (84-111)° 97 (88.8-113)>¢ 99 (89-122)>< 91 (85-99) 104 (94-122)>< 102.5 (94-126)°¢
HbAlc (%) 6 (5.5-6.8)° 5.8 (5.4-6.5)° 5.8 (5.5-6.6)° 5.8 (5.4-6.7)° 5.6 (5.3-5.9) 6.1 (5.5-6.67)° 5.9 (5.5-6.8)°
Cre 0.8 (0.7-0.96)° 0.76 (0.66-0.9)> | 0.74 (0.62-0.87)° | 0.7 (0.61-0.83)° 0.69 (0.61-0.78)" 0.72 (0.63-0.84)> | 0.775 (0.65-0.9)°
Trig 151 (106-210)<¢ 122 (94-170) 139 (100-192)* | 143 (105-211)¢ 128 (92-177)*° 141.5 (106-217)<4 | 141 (107-193)><¢
LDL 123 (99-146)° 111 (89.5-134) 120 (98-143)>¢ 115 (94-140)>° 121 (101.5-142)>< 128 (107-157)¢ 115 (97-141)°><
HDL 46 (40-55)>< 47 (41-54)>< 49 (42-57)<¢ 45 (38-51)° 46 (39-55)*° 50 (40-59)° 46 (41-53)*°
TChol 201.5 (170-229)>< | 189 (163-211)* | 201 (173-229)>¢ | 190 (162-217)*"< 187 (163-209) 210 (180-241)¢ 195 (171-225)>¢
eGFR 105 (97-112.5)* 106 (97-114)* 105 (97-112)* 105 (97-113)° 105 (98-112)° 105 (97-113)° 106 (97-113)°

Notes: Different letters in the same row indicate statistical significance.

Southeastern Anatolia regions, whereas Central Anatolia exhibited the lowest median risk. Correspondingly, SCORE2-
based 10-year cardiovascular survival estimates were highest in Central Anatolia and lowest in the Mediterranean region.

Regional variations and model-dependent differences in 10-year cardiovascular risk estimates across geographical
regions are visually summarized in Figure 1.

SCORE2-DM estimates were comparatively more homogeneous across regions, with median 10-year cardiovascular
risk values clustering around 12% and minimal variation in estimated survival probabilities. In contrast, the PREVENT
model demonstrated greater regional discrimination, identifying the highest median 10-year cardiovascular risk in the
Aegean region and the lowest risk in Eastern and Central Anatolia. PREVENT-derived survival estimates mirrored this
pattern, with the lowest survival probabilities observed in the Aegean region. Corresponding differences in estimated 10-
year cardiovascular survival probabilities according to SCORE2, SCORE2-DM, and PREVENT models are illustrated in
Figure 2.

Detailed comparisons of 10-year cardiovascular risk and survival estimates derived from SCORE2, SCORE2-DM,
and PREVENT models are shown in Table 3.

Inter-Model Agreement
Inter-model agreement was substantial in terms of rank ordering but varied considerably in absolute risk classification.
Among the 2,430 participants with both SCORE2 and PREVENT estimates, the two models showed very high rank
correlation (Spearman p = 0.95, p < 0.001) and excellent intraclass agreement (ICC = 0.83). However, Bland—Altman
analysis revealed a small but consistent systematic difference: SCORE2 estimates exceeded PREVENT estimates by
a mean of 0.68 percentage points (95% LoA: 0.28 to 1.09). Categorical agreement using guideline-based risk strata
(<5%, 5—<10%, >10%) was modest, with linear-weighted Cohen’s k = 0.31 and 72.6% raw concordance.

In contrast, agreement between SCORE2-DM and PREVENT was substantially weaker in absolute terms, despite
high rank correlation. In the 1,348 individuals with diabetes mellitus, SCORE2-DM and PREVENT estimates were
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Figure | Model-dependent variability in 10-year cardiovascular risk across Turkish regions.
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Figure 2 Model-dependent variability in 10-year cardiovascular survival across Turkish regions.
Bar chart comparing model-derived 10-year cardiovascular survival estimates across seven geographical regions of Tiirkiye. Survival estimates are presented for SCORE2,
SCORE2-Diabetes, and PREVENT models, demonstrating regional variation and differences according to the cardiovascular risk prediction model used.

highly correlated (Spearman p = 0.95, p < 0.001) but exhibited a large systematic difference, with SCORE2-DM
exceeding PREVENT by an average of 6.37 percentage points (95% LoA: 5.70 to 7.04). The corresponding ICC was
poor (0.06), and categorical agreement was negligible (weighted k < 0.01); 94% of patients were classified as high risk
(>10%) by SCORE2-DM but as moderate risk (5—<10%) by PREVENT. These findings indicate that, although the two
models rank patients similarly, their absolute risk estimates and resulting categorical classifications diverge markedly in
obese patients with diabetes. Detailed inter-model agreement statistics are summarized in Table 4.

Multivariable-Adjusted Regional Differences
After adjustment for age, sex, smoking status, diabetes mellitus, hypertension, dyslipidemia, statin use, and body mass
index, regional differences in cardiovascular risk estimates remained statistically significant for all three models
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Table 3 Comparison of |10-Year Cardiovascular Disease (CVD) Risk and Survival Estimates Derived from SCORE2, SCORE2-DM, and PREVENT Models Across Geographical Regions

of Turkiye (Median [IQR])

Mediterranean
Region

Eastern
Anatolia Region

Aegean
Region

Southeastern
Anatolia Region

Central
Anatolia Region

Black Sea
Region

Marmara
Region

SCORE2 10-year CVD risk (%)

5.95 (5.58-6.43)"

5.79 (5.47-6.2)*°

5.905 (5.45-6.32)*"

5.9 (5.47-6.37)

5.77 (5.35-6.22)°

5.805 (5.52-6.24)*°

5.88 (5.5-6.3)*°

SCORE2 10-year CVD survival (%)

94.05 (93.57-94.42)°

94.21 (93.8-94.53)*°

94.095 (93.68-94.55)*°

94.1 (93.63-94.53)*

94.23 (93.78-94.65)°

94.195 (93.76-94.48)°

94.12 (93.7-94.5)*"

SCORE2-DM [0-year CVD risk (%)

12.31 (11.78-12.85)°

11.93 (11.44-12.27)°

12.35 (11.86-12.86)"

12.35 (11.87-12.86)*

12.21 (11.79-12.49)*°

12.255 (11.66—12.705)*®

12,175 (11.715-12.695)*°

SCORE2-DM 10-year CVD survival (%)

87.69 (87.15-88.22)*

88.07 (87.73-88.56)*

87.65 (87.14-88.14)%

87.65 (87.14-88.13)*

87.79 (87.51-88.21)*

87.745 (87.295-88.34)*

87.825 (87.305-88.285)*

PREVENT 10-year CVD risk (%)

5.37 (4.96-5.925)"°

5.08 (4.655-5.56)°

5.53 (5.03-6.04)°

5.35 (4.82-5.85)°

5.145 (4.72-5.61)°

5.4 (4.97-5.92)>¢

5.39 (4.9-5.85)°

PREVENT [0-year CVD survival (%)

94.63 (94.075-95.04)*

94.92 (94.44-95.345)°

94.47 (93.96-94.97)*

94.65 (94.15-95.18)°

94.855 (94.39-95.28)°

94.6 (94.08-95.03)>°

94.61 (94.15-95.1)°¢

Notes: Different letters in the same row indicate statistical significance.
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Table 4 Between-Model Agreement of 10-Year Cardiovascular Risk Estimates

Comparison n Spearman p Mean Diff. (95% LoA) ICC | Weighted k
SCORE2 vs PREVENT 2,430 0.95 +0.68 (0.28-1.09) 0.83 0.31
SCORE2-DM vs PREVENT 1,348 0.95 +6.37 (5.70-7.04) 0.06 < 0.0l

Notes: Categorical agreement was assessed using guideline-based risk strata (<5%, 5-<10%, 210%). All Spearman correlations
were significant at p < 0.001.

Abbreviations: LoA, limits of agreement; ICC, intraclass correlation coefficient (two-way mixed, single rater, absolute
agreement).

(SCORE2: F =2.94, p=0.007; SCORE2-DM: F = 2.88, p = 0.009; PREVENT: F = 11.90, p < 0.001). Adjusted regional
means showed a similar pattern to the unadjusted analyses but with attenuated magnitude. For SCORE2, the highest
adjusted mean was observed in the Black Sea region (6.01%) and the lowest in Central Anatolia (5.71%); for PREVENT,
adjusted means ranged from 5.11% in Central Anatolia to 5.51% in the Aegean region. The persistence of regional
differences after multivariable adjustment indicates that the geographic heterogeneity in risk estimates is not entirely
explained by between-region differences in measured cardiometabolic and demographic confounders, and that additional
unmeasured factors—such as healthcare access, socioeconomic disparities, dietary patterns, or biological-environmental

interactions—may also contribute to the observed variation.

Discussion

Our findings suggest that cardiovascular risk stratification in obese populations is highly sensitive to the choice of
prediction model. Clinicians should interpret risk estimates cautiously and consider regional epidemiological context
when applying these tools in routine practice. Given the high burden of obesity in Tiirkiye, locally validated risk
prediction tools are essential for effective national prevention strategies.

In this large, multicenter cohort of obese individuals from Tiirkiye, we compared three contemporary cardiovascular risk
prediction models—SCORE2, SCORE2-DM, and AHA PREVENT—and found that estimated 10-year cardiovascular risk
varied according to both the selected model and geographic region. These findings raise important considerations regarding
external validity, calibration, and clinical applicability of risk prediction tools in obese populations with heterogeneous cardio-
metabolic profiles.

First, although SCORE2 was designed as a contemporary update with regional recalibration, external validation
suggests that its performance may vary substantially across populations with different ethnic and socioeconomic
compositions. In a large external validation study in an ethnically and socioeconomically diverse population, Kist et al
reported acceptable discrimination but variable calibration, with misestimation of risk in certain subgroups.'? This
observation is pertinent to our nationwide obese cohort, where substantial regional heterogeneity in smoking, diabetes,
hypertension, dyslipidemia, and medication use may influence baseline risk and the calibration of prediction models.

Second, even when a model is well established, agreement across different risk scores is not guaranteed. In a Turkish study
evaluating contemporary risk tools, Ozpelit et al demonstrated only moderate correlation and agreement between SCORE2
and other cardiovascular risk scores, emphasizing the importance of population-specific validation before routine clinical
adoption."” Our formal inter-model agreement analyses extend this observation. While SCORE2 and PREVENT showed near-
perfect rank-order concordance (Spearman p = 0.95) and excellent ICC (0.83), categorical agreement using guideline
thresholds was only modest (weighted k = 0.31), suggesting that a substantial proportion of obese individuals could be
assigned different risk categories, and therefore different prevention recommendations, depending on which tool is used. The
discrepancy was much greater for SCORE2-DM versus PREVENT in obese patients with diabetes: although the two models
ranked patients similarly, SCORE2-DM systematically estimated 10-year cardiovascular risk to be ~6 percentage points
higher than PREVENT, and almost all SCORE2-DM-classified high-risk patients were reclassified as moderate risk by
PREVENT. This systematic divergence is consistent with the diabetes-specific recalibration applied in SCORE2-DM, which

by design produces a higher baseline risk for individuals with diabetes; however, the magnitude of disagreement underscores
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the need for outcome-based local validation before either model is adopted for routine clinical decision-making in this
population.

Third, practical implementation details can further affect risk categorization. Hageman et al showed that using
SCORE2 via risk charts versus an online calculator can shift individuals across clinically relevant risk thresholds,
thereby potentially altering preventive treatment decisions.'® Although standardized calculations were applied in our
analysis, this finding is clinically important because real-world practice often relies on different tools, and the observed
inter-model discrepancies may be amplified by differences in implementation method.

Fourth, PREVENT represents a new-generation approach to cardiovascular risk prediction using contemporary
cohorts and broader cardiovascular outcomes. In an external validation analysis, Scheuermann et al demonstrated that
PREVENT exhibited good discrimination compared with legacy equations but showed calibration differences across
populations, supporting the need for local calibration.'” Similarly, a large real-world evaluation across multiple health
systems by Cho et al confirmed that PREVENT generally maintains adequate discrimination, yet calibration can vary by
healthcare system and population structure.'® In our cohort, PREVENT tended to show more pronounced regional
separation than SCORE2-based estimates, which may reflect differences in endpoint definitions, modeling strategy, and
baseline risk distributions captured by the PREVENT framework.

Fifth, for individuals with diabetes, SCORE2-DM was specifically developed to address the well-known underestima-
tion of cardiovascular risk when using general population equations. Evidence suggests that SCORE2-DM may better
reflect vascular risk and may align more closely with markers of subclinical atherosclerosis in diabetic individuals. Scilletta
et al reported that SCORE2-DM differentiated cardiovascular risk profiles and was associated with indicators of subclinical
vascular damage, supporting its potential value for diabetes-specific risk stratification.'” Furthermore, SCORE2-DM-
derived estimates have also been shown to change meaningfully under contemporary glucose-lowering therapies;
sodium—glucose cotransporter-2 (SGLT?2) inhibitors, in particular, can favorably modify metabolic parameters, laboratory
profiles, and SCORE2-DM-based cardiovascular risk projections in patients with type 2 diabetes.”” In our study, SCORE2-
DM estimates were comparatively more homogeneous across regions than other models, which may indicate that diabetes-
specific recalibration reduces variability driven by background population differences; however, this also underscores the
importance of validating how well these estimates translate into observed outcomes in local settings.

Sixth, our multivariable-adjusted analyses provide additional insight into the drivers of regional variation. Statistically
significant residual regional effects remained for all three models after adjustment for age, sex, smoking, comorbidities,
statin use, and body mass index. This suggests that unmeasured factors, such as healthcare access, socioeconomic
disparities, dietary patterns, or biological-environmental interactions, may contribute meaningfully to the regional
variation observed in our cohort, and that risk-tool calibration may need to account for such factors in heterogeneous
populations such as Tiirkiye.

Finally, attempts to further improve SCORE2-DM by adding vascular indices have yielded mixed results.
A methodological study assessing the incremental value of adding cardio-ankle vascular index (CAVI) to SCORE2-
DM reported limited improvement in risk prediction, suggesting that additional complexity may not always translate into
clinically meaningful gains without robust outcome-based validation.?! Together with our findings, this supports
a pragmatic interpretation: while contemporary models provide valuable structured risk estimates, their application in
obese and metabolically heterogeneous populations should be accompanied by clinical judgment and, where possible,
local calibration and prospective outcome validation.

It must be emphasized that the present analysis is based on model-derived 10-year cardiovascular risk estimates rather
than observed cardiovascular events. Therefore, while our findings illustrate model-dependent variability, regional differ-
ences, and inter-model agreement patterns, they do not constitute outcome-based validation of these prediction tools in the
Turkish obese population. Future prospective studies are needed to compare estimated and observed cardiovascular event
rates and to derive locally calibrated risk thresholds suitable for clinical decision-making.

Limitations
Several limitations should be acknowledged. First, the retrospective design may introduce residual confounding and
information bias, even after multivariable adjustment for measured covariates. Second, although derived from the
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OBREDI-TR registry, this analysis represents a separate dataset with a distinct analytical focus; nonetheless, the use of
registry-based data may limit the availability of certain lifestyle variables such as physical activity, dietary patterns,
and socioeconomic status, which were therefore not included in the multivariable models. Third, cardiovascular risk
was estimated using prediction models rather than observed cardiovascular outcomes, precluding direct assessment of
predictive accuracy or outcome-based validation. Fourth, model-specific eligibility criteria and complete-case analysis
—rather than imputation—reduced the number of participants contributing to each individual model’s analysis
(SCORE2 n = 2,430; SCORE2-DM n = 1,348; AHA PREVENT n = 5,431 of 6,378 enrolled), reflecting non-
overlapping populations (non-diabetic vs. diabetic for SCORE2 vs. SCORE2-DM) and age-range restrictions; while
this approach is appropriate for descriptive comparisons across models, the differing analysis populations for each
model should be considered when interpreting between-model contrasts. Fifth, obesity was defined using body mass
index alone, which does not account for body fat distribution, visceral adiposity, or ectopic fat depots that are
increasingly recognized as important contributors to cardiovascular risk. Sixth, regional differences in healthcare
access, screening practices, and laboratory measurement standardization may have introduced unmeasured hetero-
geneity that cannot be fully accounted for in a multicenter retrospective design. Finally, the SCORE2, SCORE2-DM,
and PREVENT models differ in their derivation cohorts, age ranges, eligibility criteria, and outcome definitions, which
may partially explain the observed inter-model differences and limit direct head-to-head comparison.

Conclusions
In this large, nationwide cohort of obese individuals from Tiirkiye, contemporary cardiovascular risk estimation models
demonstrated model-dependent and region-specific differences in estimated 10-year cardiovascular risk. While SCORE2
and SCORE2-DM yielded relatively consistent estimates, the AHA PREVENT model showed greater regional differ-
entiation. Although the three models showed strong rank-order agreement, their absolute risk estimates and categorical
classifications diverged substantially—particularly between SCORE2-DM and PREVENT in obese patients with diabetes
—and regional differences persisted after multivariable adjustment for cardiometabolic and demographic confounders.
These findings highlight that cardiovascular risk stratification in obesity is highly sensitive to the choice of prediction
model and regional population characteristics. It must be emphasized that these results reflect estimated rather than
validated cardiovascular risk, as model output was not compared with observed cardiovascular events. Clinicians should
be aware of these differences when applying risk scores in obese patients and should not interpret estimated risk
thresholds as definitive predictors of cardiovascular events without local outcome-based calibration. Future prospective
studies incorporating observed cardiovascular outcomes are needed to refine risk stratification strategies tailored to high-
risk obese populations and to support population-specific, outcome-validated implementation of contemporary risk tools
in clinical practice.
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