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Abstract 
Coronary heart disease (CHD) remains a major global health concern, with elevated cholesterol and blood pressure contributing 
significantly to cardiovascular risk. This study investigated the associations between total cholesterol, blood pressure, and recorded 
10-year CHD outcomes while evaluating their contributions to risk prediction. A secondary observational analysis was conducted 
using 4,240 participant records. Descriptive statistics, Welch’s t-tests, and Pearson chi-square tests were employed to examine 
cardiovascular risk factors and CHD occurrence. Multivariable logistic regression estimated adjusted odds ratios (aORs), while five-
fold stratified cross-validation assessed predictive discrimination using the area under the receiver operating characteristic curve 
(AUC). CHD events were recorded in 644 participants (15.2%). Event proportions increased from 10.5% to 17.8% across cholesterol 
categories and from 8.5% to 30.8% across systolic blood pressure categories. Multivariable analysis identified total cholesterol (aOR 
= 1.089 per 40 mg/dL), systolic blood pressure (aOR = 1.407 per 20 mmHg), age, male sex, current smoking, and diabetes as significant 
predictors. The combined cholesterol–systolic blood pressure model achieved an AUC of 0.728, compared with 0.709 for the baseline 
model. These findings demonstrate that cholesterol and blood pressure provide complementary information for CHD risk 
assessment. However, the modest improvement in predictive discrimination and absence of external validation warrant cautious 
interpretation before clinical application. 
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Introduction 
Coronary heart disease (CHD) is still a very important cause of early death and disability globally and has significant 
clinical and economic impacts. With the development of prevention knowledge, the rising incidence of metabolic 
abnormalities and modifiable cardiovascular risk factors remains a challenge in preventing these diseases. The 
burden of cardiovascular diseases (CVDs) is high, and global epidemiological evidence shows that this burden is 
largely attributable to high blood pressure, dyslipidaemia, diabetes, and behavioural exposures (Roth et al., 2020). 
The statistics for cardiovascular disease (CVD) continue to highlight the need for effective and readily accessible 
clinical and preventive measures to identify high-risk individuals (Martin et al., 2025). 
High blood pressure is one of the most important modifiable risk factors for cardiovascular morbidity. Large 
disparities in hypertension prevalence, coverage of hypertension treatment and blood pressure control have been 
documented at the population level, underscoring ongoing disparities in cardiovascular prevention (NCD Risk Factor 
Collaboration [NCD-RisC], 2021). High blood pressure (systolic and diastolic) causes vascular damage, endothelial 
dysfunction, and higher workload on the heart which may promote coronary atherosclerosis. Recent guidelines from 
Europe call for personalised blood pressure measurement and risk-based treatment to prevent cardiovascular events 
(McEvoy et al., 2024). Likewise, the revised American recommendations highlight the role of blood pressure 
classification, risk assessment, and early intervention for patients at risk for cardiovascular disease (Jones et al., 
2025). 
Other key components of coronary atherosclerotic disease are abnormal cholesterol levels. Hyperlipidaemias 
increases cholesterol uptake into artery walls, inflammation and the eventual build-up of plaque. There is 
mechanistic and clinical evidence for the causal role of LDL in atherosclerotic cardiovascular disease (ASCVD) (Borén 
et al., 2020). European dyslipidaemia guidelines suggest that, along with other cardiovascular risk factors, lipid 
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assessment should be used to guide preventive management (Mach et al., 2020). More recent recommendations 
add to the emphasis on comprehensive lipid management and risk-stratified treatment decisions (Mach et al., 2025). 
However, total cholesterol is a readily available clinical parameter and this association with coronary outcomes is 
relevant to secondary data analyses. 
The risk of cardiovascular disease is being assessed more and more at the individual level taking account of the wider 
clinical context. Visseren et al., (2021) recommends a comprehensive assessment of demographic, metabolic, 
behavior and clinical factors for decision making on preventive strategies. Risk prediction algorithms like the SCORE2 
show how effective it can be to use several risk factors together to predict future cardiovascular events (SCORE2 
Working Group & ESC Cardiovascular Risk Collaboration, 2021). Likewise, the modern cardiovascular risk score 
systems include cardiovascular, renal, and metabolic features to better assess risk in an individual (Khan et al., 2023). 
Yet, the proportions of cholesterol and blood pressure can vary by population characteristics, covariate adjustment, 
and other model specifications. 
This study aimed to explore the relationships between total cholesterol, blood pressure, and the documented 10-
year CHD outcomes, using secondary observational data. It encompassed demographic and clinical features, 
categories of cardiovascular risk patterns, and multivariable risk estimation. The goals were to compare participant 
characteristics by CHD status, examine CHD event rates by cholesterol and blood pressure categories, test the 
adjusted association with logistic regression, and compare models that include cholesterol and either SBP or DBP. 

 
2. Materials and Methods 

2.1. Study Design and Study Population 
In this study, quantitative, secondary data analysis by an observational approach was used to explore the 
relationships between total cholesterol , systolic blood pressure, and diastolic blood pressure with the outcomes of 
10-year CHD. A total of 4,240 individual-level observations (demographic, clinical, cardiovascular and metabolic 
characteristics) were included in the analytical data set. The main outcome was the development of CHD, as recorded 
over 10 years. The population was divided into CHD participants (n = 644) and non-CHD participants (n = 3,596) 
based on the binary outcome indicator. The total number of observations was 4240, and there were no exclusions 
for any of the variables. Associations between cardiovascular risk factors at baseline and CHD outcome were 
examined, but no causal inferences were made. 
2.2. Study Variables and Operational Definitions 
Ten-year incidence of CHD (recorded CHD event = 1, no CHD event = 0) was the primary dependent variable. The 
following variables were initially analyzed as continuous variables as they were the major explanatory variables: total 
cholesterol (mg/dL), systolic blood pressure (mmHg), and diastolic blood pressure (mmHg). Total cholesterol was 
broken down into three categories: <200, 200 to 239, and ≥240 mg/dL for categorical analyses. Systolic blood 
pressure was classified as <120, 120–139, 140–159, and ≥160 mmHg, while the diastolic blood pressure was classified 
as <80, 80–89, and ≥90 mmHg. The categories intervals were determined by the lower inclusive and upper exclusive 
limits. 
Other factors analyzed descriptively were age (years), sex, body mass index (BMI; kg/m²), current tobacco smoking, 
diabetes, prevalent hypertension, and use of blood pressure medication. Male sex was coded as 1, female as 2, and 
the outcome of both tests was coded as 0 (absent) or 1 (present). Age, sex, current smoking, diabetes, and BMI were 
included as adjustment covariates in the multivariable regression models. Comparisons were made with prevalent 
hypertension and use of blood pressure medication, but these were not entered into any of the reported regression 
models. 
Age was scaled by 10, BMI by 5, total cholesterol by 40, and SBG and DBP by 20 and 10 respectively, for regression 
interpretation. 
2.3. Data Screening and Missing-Data Management 



 

3216 
 

Adolescencia e Saude, vol. 21, No.9s, p. 3214-3225 

 
 
 
 

 

 

 

Data screening included checking variables for missingness, coding variables for the outcomes, and checking whether 
there were observations available for each statistical analysis. No missing values were found for the CHD outcome, 
age, sex, sx, DBP, current smoking, diabetes or prevalent hypertension. There were missing values for total 
cholesterol (n = 50), BMI (n = 19), and blood pressure medications (n = 53). 
Available observations were used for each variable for descriptive statistics and between group comparisons were 
made. Thus, analyses of cholesterol included 4,190 participants, analyses of BMI included 4,221, and analyses of 
blood pressure medication included 4,187 participants. Analyses with variables that had no missing observations 
included the entire sample (4,240 participants). Among the 4,190 observations for which there were available 
cholesterol measurements, 635 of the 4,190 had CHD events (15.2%). 
Complete case analysis was used for multivariable logistic regression and model-performance analyses because the 
variables were included for all regression specifications: age, sex, current smoking, diabetes, BMI, total cholesterol, 
systolic blood pressure, diastolic blood pressure, and CHD outcome. This led to the use of a common analytical 
sample of 4,172 individuals (625 CHD events and 3,547 non-events). All five regression models used the same set of 
observations so that the performance of the models can be compared. There was no missing value imputation, or 
any additional observations were excluded based on clinical outlier thresholds. 
2.4. Descriptive Statistics and Bivariate Analysis 
Continuous variables were described using averages and standard deviations, and categorical variables were 
described as counts and percentages. To compare continuous baseline variables between the CHD and non-CHD 
groups, independent-samples Welch t-tests were used.For categorical variables, Pearson chi-square tests were used 
to compare baseline characteristics between the CHD and non-CHD groups.Yates continuity correction was not 
applied in the chi-square tests. 
Pearson chi-square tests of independence were used to check the relationships between cholesterol categories and 
CHD status, as well as between systolic blood pressure and CHD status, and between diastolic blood pressure and 
CHD status. 
The percentage of CHD events in each clinical category was calculated by dividing the number of CHD events by the 
total number of participants in that category and then multiplying by 100.The estimates for these percentages and 
their corresponding 95% confidence intervals were calculated using the Wilson score method. 
The analysis of cholesterol categories included 4,190 participants, while the analysis of systolic or diastolic blood 
pressure categories included 4,240 participants. 
Bar graphs were used to show the proportions of CHD events based on cholesterol and systolic blood pressure 
categories.All hypothesis tests were two-sided, and a p-value less than 0.05 was considered statistically significant. 
2.5. Multivariable Regression and Model Performance Evaluation 
To assess the independent relationship between each cardiovascular risk factor and the risk of developing CHD over 
10 years, multivariable binary logistic regression was used to estimate the odds ratios of the risk factors for 10-year 
CHD event rate. Maximum likelihood was used to estimate regression parameters, with the inclusion of an intercept 
term. Age, male sex, current smoking, diabetes, BMI, total cholesterol and systolic blood pressure were included in 
the primary adjusted model. Odds ratios (aOR) were obtained by exponentiating the regression coefficients, and 
95% confidence intervals (CIs) were exponentiated coefficient CIs. Two-sided Wald tests were used to assess 
statistical significance. 
Five regression specifications were tested: Model 1 was the baseline model that included age, sex, current smoking, 
diabetes, and BMI; Model 2 also used baseline covariates plus total cholesterol; Model 3 also used baseline 
covariates plus systolic BP; Model 4 added both total cholesterol and systolic BP to the baseline covariates; and 
Model 5 added total cholesterol and diastolic BP to the baseline covariates. Model 4 was selected to be the main 
adjusted model and Model 5 was used to determine the relationship between the blood pressure measurement of 
diastolic blood pressure and CHD, separately from the other variables included. Systolic and diastolic blood pressure 
were not entered at the same time in the blood pressure regression specifications reported. 
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Model fit was evaluated using the unpenalized maximum-likelihood logistic regression models fit to the full analytical 
sample, calculating the Akaike information criterion (AIC). The discriminative performance was assessed using five-
fold stratified cross-validation with shuffled partitions and with a fixed random seed of 42. Logistic regression with 
L2 regularization, L-BFGS optimizer and no regularization strength (C=1) was used for cross validation. 
Standardization of predictors was done before estimation of the model within each training fold. The area under the 
receiver operating characteristic curve (AUC) was obtained by combining out-of-fold predicted probabilities for each 
model. 
The lower the AIC the greater the relative fit of the model and AUC the more accurate the discrimination of the 
model. ROC curves were made for the baseline model and the main combined cholesterol–systolic blood pressure 
model. A forest plot was used to present the odds ratios adjusted from the main model with 95% confidence 
intervals. There was no formal testing of statistical significance of difference between the AUCs of the models and 
no external model validation was done. 
 

3. Results 

3.1. Baseline Characteristics of the Study Population 
Among 4,240 participants, 644 (15.19%) had a recorded 10-year CHD event and 3,596 (84.81%) did not. The 
participants with CHD were older and had higher levels of total cholesterol, SBP, DBP and BMI. The CHD group was 
also more likely to be male, diabetic, with prevalent hypertension, and taking blood pressure medications. The 
unadjusted comparison of currently smoking showed no significant difference among the groups (Table 1). 
 

Table 1. Baseline characteristics by recorded 10-year CHD status. 

Characteristic Overall Non-CHD CHD p-value 

Age (years) 49.58 ± 8.57 48.76 ± 8.41 54.15 ± 8.01 <0.001 

Male, n (%) 1820 (42.9) 1477 (41.1) 343 (53.3) <0.001 

Total cholesterol 
(mg/dL) 

236.70 ± 44.59 235.15 ± 43.77 245.39 ± 48.08 <0.001 

Systolic BP 
(mmHg) 

132.35 ± 22.03 130.34 ± 20.45 143.62 ± 26.69 <0.001 

Diastolic BP 
(mmHg) 

82.90 ± 11.91 82.17 ± 11.34 86.98 ± 14.03 <0.001 

BMI (kg/m²) 25.80 ± 4.08 25.67 ± 3.98 26.53 ± 4.52 <0.001 

Current smoker, 
n (%) 

2095 (49.4) 1762 (49.0) 333 (51.7) 0.205 

Diabetes, n (%) 109 (2.6) 69 (1.9) 40 (6.2) <0.001 

Prevalent 
hypertension, n 

(%) 

1317 (31.1) 992 (27.6) 325 (50.5) <0.001 

Blood pressure 
medication, n 

(%) 

124 (3.0) 83 (2.3) 41 (6.5) <0.001 

 
3.2. Association Between Total Cholesterol Levels and Coronary Heart Disease 
The proportion of CHD events observed increased with higher chloresterol levels, ranging from 10.47% in the <200 
mg/dL level to 14.48% in the 200-239 mg/dL level to 17.76% in the ≥240 mg/dL level (Table 2). Association was found 
to be statistically significant (χ² = 24.62, p < 0.001). This gradient is shown in Figure 1. 
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Figure 1. Observed CHD event proportions by total cholesterol category 

 
3.3. Association Between Blood Pressure and Coronary Heart Disease 
Systolic BP showed a significant gradient relationship with CHD with the proportion of events increasing as SBP 
increased, 8.52%, 13.00%, 21.09% and 30.75% (χ² = 162.06, p < 0.001). The same association was seen for the 
diastolic BP, which had event proportions of 11.22%, 13.35% and 24.03% across increasing categories (χ² = 88.73, p 
< 0.001). The estimates at the category level are shown in Table 2; the systolic pattern is shown in Figure 2. 
 

Table 2. Recorded CHD events by cholesterol and blood pressure categories. 

Measure / 
category 

N CHD events Event % 95% CI 

Cholesterol <200 831 87 10.47 8.57–12.74 

Cholesterol 200–
239 

1478 214 14.48 12.78–16.37 

Cholesterol ≥240 1881 334 17.76 16.10–19.55 

SBP <120 1279 109 8.52 7.11–10.18 

SBP 120–139 1677 218 13.00 11.47–14.69 

SBP 140–159 806 170 21.09 18.42–24.04 

SBP ≥160 478 147 30.75 26.78–35.03 

DBP <80 1666 187 11.22 9.80–12.83 

DBP 80–89 1513 202 13.35 11.73–15.16 

DBP ≥90 1061 255 24.03 21.56–26.70 
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Figure 2. Observed CHD event proportions by systolic blood pressure category 
 
3.4. Multivariable Logistic Regression Analysis of Coronary Heart Disease Risk Factors 
There were 4,172 subjects with 625 CHD events in the primary complete case. Following covariate adjustment, the 
factors age, male sex, current smoking, diabetes, total cholesterol, and systolic BP remained independently 
associated with CHD, while BMI was not statistically significant (Table 3). Total cholesterol was associated with 8.9% 
higher odds per 40 mg/dL (aOR = 1.089, 95% CI: 1.005–1.181), while systolic BP was associated with 40.7% higher 
odds per 20 mmHg (aOR = 1.407, 95% CI: 1.295–1.529). The adjusted ORs and confidence intervals are shown in 
Figure 3. The other model showed an association of diastolic BP with CHD (aOR = 1.260 per 10 mmHg, 95% CI: 1.168–
1.359).  
 

Table 3. Adjusted logistic regression associations with recorded CHD outcomes (n = 4,172). 

Predictor (increment) aOR 95% CI p-value 

Age (10 years) 1.911 1.698–2.151 <0.001 

Male sex 1.856 1.537–2.243 <0.001 

Current smoking 1.509 1.244–1.830 <0.001 

Diabetes 1.998 1.294–3.086 0.002 

BMI (5 kg/m²) 1.046 0.934–1.172 0.438 

Total cholesterol (40 mg/dL) 1.089 1.005–1.181 0.037 
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Systolic BP (20 mmHg) 1.407 1.295–1.529 <0.001 

 

 
Figure 3. Adjusted odds ratios with 95% confidence intervals in the primary model 

 
3.5. Comparative Model Performance and Discriminative Ability 
The addition of cholesterol to the baseline model resulted in a modest increase in discrimination with the addition 
of systolic BP producing a greater increase in discrimination. The model that included both cholesterol and systolic 
BP had the smallest AIC (3167.53) and the largest cross-validated AUC (0.728). The alternative cholesterol–diastolic 
BP model was the next with an AUC of 0.720 (Table 4). Cross-validated ROC curves of the baseline model and primary 
combined model are compared in Figure. 4. These results are obtained by internal cross validation and not external.   

 
Table 4. Model fit and cross-validated discrimination (common n = 4,172). Baseline: age, male sex, smoking, 

diabetes, BMI. 

Model Predictors added to 

baseline 

AIC Cross-validated AUC 

1 None 3236.586 0.709 

2 Total cholesterol 3230.703 0.711 

3 Systolic BP 3169.824 0.726 

4 Total cholesterol + 3167.533 0.728 
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systolic BP 

5 Total cholesterol + 

diastolic BP 

3197.397 0.720 

 
Figure 4. Out-of-fold ROC curves for the baseline and combined models 

4. Discussion 
The current study examined the relationships among total cholesterol BP and measured 10-year CHD events in 4,240 
people. Fifteen percent of the study population (15.2%) had a CHD event. Generally, participants with CHD had 
higher levels of cholesterol, SBP, DBP, age and prevalence of diabetes compared to those without CHD. The results 
suggest that several demographic and clinical factors were related to cardiovascular risk, with the contribution of 
individual factors being different and varying upon multivariable adjustment. 
Total cholesterol categories were found to be related to increasingly higher proportions of observed CHD events, 
ranging from 10.5% for those with cholesterol < 200 mg/dL, to 17.8% for those with cholesterol ≥ 240 mg/dL. The 
adjusted association was still significant, albeit modest (aOR = 1.089 per 40 mg/dl). This is in line with the evidence 
that suggests that high atherogenic cholesterol levels for an extended period of time are associated with subsequent 
cardiovascular events (Zhang et al., 2021). Cardiovascular risk throughout adulthood has been further established 
by longitudinal studies which indicate that exposure to cholesterol throughout life is relevant in the interpretation 
of the risk (Domanski et al., 2020). The results of the present analysis, however, do not provide direct evidence for 
associations related to LDL because the analyses were conducted on total cholesterol and not on the individual 
lipoprotein fractions. 
The BP showed a very strong association with CHD. The percentages of observed events rose with each increase in 
systolic BP, from 8.5% for those with the lowest BP to 30.8% for those with the highest BP (at 160 mmHg or higher). 
Each increment of 20 mmHg in SBP was found to be associated with an increased odds for CHD in the primary 
adjusted model (aOR = 1.407). The findings are in line with the study that concluded SBP is an important 
cardiovascular risk marker in all age groups (Wang et al., 2023). Individual participant-level meta-analysis also 
confirms BP lowering to have beneficial cardiovascular effects in various baseline BP group (Rahimi et al., 2021a). In 
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the alternative model, both DBP and DBP increases per 10 mmHg were independently associated with CHD (aOR = 
1.260 per 10 mmHg). Their relative importance should be taken with caution however, as they were analysed in 
distinct regression specifications. 
After controlling for BMI, age, male sex, current smoking and diabetes were also independently associated with CHD. 
The association is in line with a sustained focus on BP control in cardiovascular prevention in people with and without 
diabetes (Nazarzadeh et al., 2022). Modern guidelines also stress the importance of managing all cardiovascular risk 
factors in people with diabetes (Marx et al., 2023). Interpretation of associations between BP and cardiovascular 
outcomes should be tailored to the individual as there are age-related differences in cardiovascular risk (Rahimi et 
al., 2021b). 
The inclusion of cholesterol and systolic BP was shown to increase discrimination compared to the baseline model 
by model comparisons with a cross-validated AUC of 0.728. This was, however, quite limited, indicating that further 
clinical risk factors might be required for better risk stratification. In modern cardiovascular prediction studies, the 
use of multiple domains of cardiovascular risk is stressed when building prediction equations (Khan et al., 2024). 
External validation studies also show that predictive performance needs to be assessed for different populations 
prior to clinical use (Scheuermann et al., 2024). Also, there are recent methodological discussions regarding 
calibration, population applicability and clinical utility of risk-prediction models when making interpretations (Garba 
et al., 2024). The present models were not assessed in an external setting and should not be viewed as being clinically 
ready. 
The results generally validate the importance of cholesterol and BP measurements in the assessment of risk for CHD. 
There were several important limitations, such as the observational design, exclusions due to missing data, lack of 
detailed lipid fractions, and limited clinical predictors available. Therefore, the reported relationships should be 
considered as non-causal and should be investigated further with external validations. 
 

5. Conclusion 
In the current study, there were marked associations between total cholesterol and BP and registered 10-year  CHD 
outcome in a secondary analysis of 4,240 individuals. The levels of cholesterol and systolic and diastolic BP were 
found to be important factors in cardiovascular risk assessment, with higher values corresponding to increasing 
proportions of CHD events. This was especially true of systolic BP, which showed a strong association, with 
proportions of CHD events climbing significantly from one category of BP to the next. Multiple logistic regression 
revealed that after controlling for demographic, behavioural and metabolic factors, total cholesterol, and systolic BP 
were still independently associated with CHD. These were followed by age, male sex, current smoking and diabetes, 
which also were significant predictors, while BMI had no statistically significant independent association. Adding 
cholesterol and systolic BP showed modest improvements in predictive discrimination over the baseline model, as 
suggested by the comparative model evaluation. The results confirm the overall evaluation of lipid profile and BP 
level and established cardiovascular risk factors instead of separate clinical parameters. However, the observational 
study design, limited clinical data, and lack of external validation restrict causal conclusions and immediate clinical 
use. Additional lipid parameters, more representative populations, longer follow-up periods, and external validation 
should be included in further studies to enhance risk prediction accuracy. The results are generally consistent with 
the value of comprehensive cardiovascular risk assessment to identify those who could benefit from specific 
preventive actions. 
 

References 
1. Bhardwaj, A. (2025). Framingham heart study dataset [Data set]. Kaggle. 

https://www.kaggle.com/datasets/aasheesh200/framingham-heart-study-dataset 
2. Borén, J., Chapman, M. J., Krauss, R. M., Packard, C. J., Bentzon, J. F., Binder, C. J., Daemen, M. J., Demer, L. 

https://www.kaggle.com/datasets/aasheesh200/framingham-heart-study-dataset?utm_source=chatgpt.com


 

3223 
 

Adolescencia e Saude, vol. 21, No.9s, p. 3214-3225 

 
 
 
 

 

 

 

L., Hegele, R. A., Nicholls, S. J., Nordestgaard, B. G., Watts, G. F., Bruckert, E., Fazio, S., Ference, B. A., 
Graham, I., Horton, J. D., Landmesser, U., Laufs, U., . . . Ginsberg, H. N. (2020). Low-density lipoproteins 
cause atherosclerotic cardiovascular disease: Pathophysiological, genetic, and therapeutic insights: A 
consensus statement from the European Atherosclerosis Society Consensus Panel. European Heart Journal, 
41(24), 2313–2330. https://doi.org/10.1093/eurheartj/ehz962 

3. Domanski, M. J., Tian, X., Wu, C. O., Reis, J. P., Dey, A. K., Gu, Y., Zhao, L., Bae, S., Liu, K., Hasan, A. A., Zimrin, 
D., Farkouh, M. E., Hong, C. C., Lloyd-Jones, D. M., & Fuster, V. (2020). Time course of LDL cholesterol exposure 
and cardiovascular disease event risk. Journal of the American College of Cardiology, 76(13), 1507–1516. 
https://doi.org/10.1016/j.jacc.2020.07.059 

4. Garba, D. L., Razavi, A. C., Blumenthal, R. S., Stone, N. J., Polonsky, T., Khan, S. S., & Barouch, L. A. (2024). 
Advances in predicting cardiovascular risk: Applying the PREVENT equations. American Journal of Preventive 
Cardiology, 19, 100705. https://doi.org/10.1016/j.ajpc.2024.100705 

5. Hippisley-Cox, J., Coupland, C. A. C., Bafadhel, M., Russell, R. E. K., Sheikh, A., Brindle, P., & Channon, K. M. 
(2024). Development and validation of a new algorithm for improved cardiovascular risk prediction. Nature 
Medicine, 30(5), 1440–1447. https://doi.org/10.1038/s41591-024-02905-y 

6. Jones, D. W., Ferdinand, K. C., Taler, S. J., Johnson, H. M., Shimbo, D., Abdalla, M., Altieri, M. M., Bansal, N., 
Bello, N. A., Bress, A. P., Carter, J., Cohen, J. B., Collins, K. J., Commodore-Mensah, Y., Davis, L. L., Egan, B., 
Khan, S. S., Lloyd-Jones, D. M., Melnyk, B. M., . . . Williamson, J. D. (2025). 2025 
AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM guideline for the prevention, 
detection, evaluation and management of high blood pressure in adults: A report of the American College of 
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation, 152(11). 
https://doi.org/10.1161/CIR.0000000000001356 

7. Khan, S. S., Coresh, J., Pencina, M. J., Ndumele, C. E., Rangaswami, J., Chow, S. L., Palaniappan, L. P., Sperling, 
L. S., Virani, S. S., Ho, J. E., Neeland, I. J., Tuttle, K. R., Rajgopal Singh, R., Elkind, M. S. V., & Lloyd-Jones, D. M. 
(2023). Novel prediction equations for absolute risk assessment of total cardiovascular disease incorporating 
cardiovascular-kidney-metabolic health: A scientific statement from the American Heart Association. 
Circulation, 148(24), 1982–2004. https://doi.org/10.1161/CIR.0000000000001191 

8. Khan, S. S., Matsushita, K., Sang, Y., Ballew, S. H., Grams, M. E., Surapaneni, A., Blaha, M. J., Carson, A. P., 
Chang, A. R., Ciemins, E., Go, A. S., Gutierrez, O. M., Hwang, S. J., Jassal, S. K., Kovesdy, C. P., Lloyd-Jones, D. 
M., Shlipak, M. G., Palaniappan, L. P., Sperling, L., . . . Chronic Kidney Disease Prognosis Consortium and 
American Heart Association Cardiovascular-Kidney-Metabolic Science Advisory Group. (2024). Development 
and validation of the American Heart Association's PREVENT equations. Circulation, 149(6), 430–449. 
https://doi.org/10.1161/CIRCULATIONAHA.123.067626 

9. Mach, F., Baigent, C., Catapano, A. L., Koskinas, K. C., Casula, M., Badimon, L., Chapman, M. J., De Backer, G. 
G., Delgado, V., Ference, B. A., Graham, I. M., Halliday, A., Landmesser, U., Mihaylova, B., Pedersen, T. R., 
Riccardi, G., Richter, D. J., Sabatine, M. S., Taskinen, M. R., . . . Patel, R. S. (2020). 2019 ESC/EAS guidelines for 
the management of dyslipidaemias: Lipid modification to reduce cardiovascular risk. European Heart Journal, 
41(1), 111–188. https://doi.org/10.1093/eurheartj/ehz455 

10. Mach, F., Koskinas, K. C., Roeters Van Lennep, J. E., Tokgözoğlu, L., Badimon, L., Baigent, C., Benn, M., Binder, 
C. J., Catapano, A. L., De Backer, G. G., Delgado, V., Fabin, N., Ference, B. A., Graham, I. M., Landmesser, U., 
Laufs, U., Mihaylova, B., Nordestgaard, B. G., Richter, D. J., . . . Shek, A. (2025). 2025 focused update of the 
2019 ESC/EAS guidelines for the management of dyslipidaemias. European Heart Journal, 46(42), 4359–4378. 
https://doi.org/10.1093/eurheartj/ehaf190 

11. Martin, S. S., Aday, A. W., Allen, N. B., Almarzooq, Z. I., Anderson, C. A. M., Arora, P., Avery, C. L., Baker-Smith, 
C. M., Bansal, N., Beaton, A. Z., Commodore-Mensah, Y., Currie, M. E., Elkind, M. S. V., Fan, W., Generoso, G., 
Gibbs, B. B., Heard, D. G., Hiremath, S., Johansen, M. C., . . . American Heart Association Council on 

https://doi.org/10.1093/eurheartj/ehz962?utm_source=chatgpt.com
https://doi.org/10.1016/j.jacc.2020.07.059?utm_source=chatgpt.com
https://doi.org/10.1016/j.ajpc.2024.100705?utm_source=chatgpt.com
https://doi.org/10.1038/s41591-024-02905-y?utm_source=chatgpt.com
https://doi.org/10.1161/CIR.0000000000001356?utm_source=chatgpt.com
https://doi.org/10.1161/CIR.0000000000001191?utm_source=chatgpt.com
https://doi.org/10.1161/CIRCULATIONAHA.123.067626?utm_source=chatgpt.com
https://doi.org/10.1093/eurheartj/ehz455?utm_source=chatgpt.com
https://doi.org/10.1093/eurheartj/ehaf190?utm_source=chatgpt.com


 

3224 
 

Adolescencia e Saude, vol. 21, No.9s, p. 3214-3225 

 
 
 
 

 

 

 

Epidemiology and Prevention Statistics Committee and Stroke Statistics Committee. (2025). 2025 heart 
disease and stroke statistics: A report of US and global data from the American Heart Association. Circulation, 
151(8). https://doi.org/10.1161/CIR.0000000000001303 

12. Marx, N., Federici, M., Schütt, K., Müller-Wieland, D., Ajjan, R. A., Antunes, M. J., Christodorescu, R. M., 
Crawford, C., Di Angelantonio, E., Eliasson, B., Espinola-Klein, C., Fauchier, L., Halle, M., Herrington, W. G., 
Kautzky-Willer, A., Lambrinou, E., Lesiak, M., Lettino, M., McGuire, D. K., . . . Zeppenfeld, K. (2023). 2023 ESC 
guidelines for the management of cardiovascular disease in patients with diabetes. European Heart Journal, 
44(39), 4043–4140. https://doi.org/10.1093/eurheartj/ehad192 

13. McEvoy, J. W., McCarthy, C. P., Bruno, R. M., Brouwers, S., Canavan, M. D., Ceconi, C., Christodorescu, R. M., 
Daskalopoulou, S. S., Ferro, C. J., Gerdts, E., Hanssen, H., Harris, J., Lauder, L., McManus, R. J., Molloy, G. J., 
Rahimi, K., Regitz-Zagrosek, V., Rossi, G. P., Sandset, E. C., . . . Khamidullaeva, G. A. (2024). 2024 ESC guidelines 
for the management of elevated blood pressure and hypertension. European Heart Journal, 45(38), 3912–
4018. https://doi.org/10.1093/eurheartj/ehae178 

14. Muntner, P., Jaeger, B. C., Foti, K., Ghazi, L., Bundy, J. D., Chen, L., & Safford, M. M. (2024). Predicted 
cardiovascular risk by the PREVENT equations in US adults with stage 1 hypertension. Hypertension, 81(9), 
1976–1985. https://doi.org/10.1161/HYPERTENSIONAHA.124.22998 

15. Nazarzadeh, M., Bidel, Z., Canoy, D., Copland, E., Bennett, D. A., Dehghan, A., Davey Smith, G., Holman, R. R., 
Woodward, M., Gupta, A., Adler, A. I., Wamil, M., Sattar, N., Cushman, W. C., McManus, R. J., Teo, K., Davis, 
B. R., Chalmers, J., Pepine, C. J., . . . Wang, J. (2022). Blood pressure-lowering treatment for prevention of 
major cardiovascular diseases in people with and without type 2 diabetes: An individual participant-level data 
meta-analysis. The Lancet Diabetes & Endocrinology, 10(9), 645–654. https://doi.org/10.1016/S2213-
8587(22)00172-3 

16. Rahimi, K., Bidel, Z., Nazarzadeh, M., Copland, E., Canoy, D., Ramakrishnan, R., Pinho-Gomes, A. C., 
Woodward, M., Adler, A., Agodoa, L., Algra, A., Asselbergs, F. W., Beckett, N. S., Berge, E., Black, H., 
Brouwers, F. P. J., Brown, M., Bulpitt, C. J., Byington, R. P., . . . Davis, B. R. (2021). Pharmacological blood 
pressure lowering for primary and secondary prevention of cardiovascular disease across different levels of 
blood pressure: An individual participant-level data meta-analysis. The Lancet, 397(10285), 1625–1636. 
https://doi.org/10.1016/S0140-6736(21)00590-0 

17. Rahimi, K., Bidel, Z., Nazarzadeh, M., Copland, E., Canoy, D., Wamil, M., Majert, J., McManus, R., Adler, A., 
Agodoa, L., Algra, A., Asselbergs, F. W., Beckett, N. S., Berge, E., Black, H., Boersma, E., Brouwers, F. P. J., 
Brown, M., Brugts, J. J., . . . Teo, K. K. (2021). Age-stratified and blood-pressure-stratified effects of blood-
pressure-lowering pharmacotherapy for the prevention of cardiovascular disease and death: An individual 
participant-level data meta-analysis. The Lancet, 398(10305), 1053–1064. https://doi.org/10.1016/S0140-
6736(21)01921-8 

18. Roth, G. A., Mensah, G. A., Johnson, C. O., Addolorato, G., Ammirati, E., Baddour, L. M., Barengo, N. C., 
Beaton, A. Z., Benjamin, E. J., Benziger, C. P., Bonny, A., Brauer, M., Brodmann, M., Cahill, T. J., Carapetis, J., 
Catapano, A. L., Chugh, S. S., Cooper, L. T., Coresh, J., . . . Fuster, V. (2020). Global burden of cardiovascular 
diseases and risk factors, 1990–2019. Journal of the American College of Cardiology, 76(25), 2982–3021. 
https://doi.org/10.1016/j.jacc.2020.11.010 

19. SCORE2 Working Group and ESC Cardiovascular Risk Collaboration. (2021). SCORE2 risk prediction algorithms: 
New models to estimate 10-year risk of cardiovascular disease in Europe. European Heart Journal, 42(25), 
2439–2454. https://doi.org/10.1093/eurheartj/ehab309 

20. Visseren, F. L. J., Mach, F., Smulders, Y. M., Carballo, D., Koskinas, K. C., Bäck, M., Benetos, A., Biffi, A., 
Boavida, J. M., Capodanno, D., Cosyns, B., Crawford, C., Davos, C. H., Desormais, I., Di Angelantonio, E., 
Franco, O. H., Halvorsen, S., Hobbs, F. D. R., Hollander, M., . . . Williams, B. (2021). 2021 ESC guidelines on 
cardiovascular disease prevention in clinical practice. European Heart Journal, 42(34), 3227–3337. 

https://doi.org/10.1161/CIR.0000000000001303?utm_source=chatgpt.com
https://doi.org/10.1093/eurheartj/ehad192?utm_source=chatgpt.com
https://doi.org/10.1093/eurheartj/ehae178?utm_source=chatgpt.com
https://doi.org/10.1161/HYPERTENSIONAHA.124.22998?utm_source=chatgpt.com
https://doi.org/10.1016/S2213-8587(22)00172-3?utm_source=chatgpt.com
https://doi.org/10.1016/S2213-8587(22)00172-3?utm_source=chatgpt.com
https://doi.org/10.1016/S0140-6736(21)00590-0?utm_source=chatgpt.com
https://doi.org/10.1016/S0140-6736(21)01921-8?utm_source=chatgpt.com
https://doi.org/10.1016/S0140-6736(21)01921-8?utm_source=chatgpt.com
https://doi.org/10.1016/j.jacc.2020.11.010?utm_source=chatgpt.com
https://doi.org/10.1093/eurheartj/ehab309?utm_source=chatgpt.com


 

3225 
 

Adolescencia e Saude, vol. 21, No.9s, p. 3214-3225 

 
 
 
 

 

 

 

https://doi.org/10.1093/eurheartj/ehab484 
21. Wang, N., Mustafa, R., Zuber, V., Rodgers, A., & Dehghan, A. (2023). Association between systolic blood 

pressure and low-density lipoprotein cholesterol with coronary heart disease according to age. PLOS ONE, 
18(12), e0295004. https://doi.org/10.1371/journal.pone.0295004 

22. Zhang, Y., Pletcher, M. J., Vittinghoff, E., Clemons, A. M., Jacobs, D. R., Allen, N. B., Alonso, A., Bellows, B. K., 
Oelsner, E. C., Zeki Al Hazzouri, A., Kazi, D. S., De Ferranti, S. D., & Moran, A. E. (2021). Association between 
cumulative low-density lipoprotein cholesterol exposure during young adulthood and middle age and risk of 
cardiovascular events. JAMA Cardiology, 6(12), 1406. https://doi.org/10.1001/jamacardio.2021.3508 

23. Zhou, B., Carrillo-Larco, R. M., Danaei, G., Riley, L. M., Paciorek, C. J., Stevens, G. A., Gregg, E. W., Bennett, J. 
E., Solomon, B., Singleton, R. K., Sophiea, M. K., Iurilli, M. L., Lhoste, V. P., Cowan, M. J., Savin, S., Woodward, 
M., Balanova, Y., Cifkova, R., Damasceno, A., . . . Ezzati, M. (2021). Worldwide trends in hypertension 
prevalence and progress in treatment and control from 1990 to 2019: A pooled analysis of 1201 population-
representative studies with 104 million participants. The Lancet, 398(10304), 957–980. 
https://doi.org/10.1016/S0140-6736(21)01330-1 

 
 

https://doi.org/10.1093/eurheartj/ehab484?utm_source=chatgpt.com
https://doi.org/10.1371/journal.pone.0295004?utm_source=chatgpt.com
https://doi.org/10.1001/jamacardio.2021.3508?utm_source=chatgpt.com
https://doi.org/10.1016/S0140-6736(21)01330-1?utm_source=chatgpt.com

	Introduction

