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Introduction: The use of risk functions to individualize preventive interventions is a key strategy in the primary prevention of coronary heart diseases (CHD). Unfortunately, most risk functions still fail to identify many individuals who will experience a cardiovascular (CV) event. Detecting individuals with asymptomatic peripheral artery disease (PAD) with a new risk function could improve CV risk classification. The aim is to evaluate the effectiveness of integrating an ankle-brachial index (ABI) program into the current CHD risk detection strategy to identify populations at high risk of asymptomatic PAD, reducing the incidence of CHD and mortality in those aged 50 to 74 years.

Methods: This study is a pragmatic randomized cluster trial. A total of 274 primary care centers will be randomized into two groups that will either maintain the current CHD risk detection strategy or add a screening program to detect asymptomatic PAD using ABI. In routine clinical practice, 10-year CHD and PAD risk are assessed using the Framingham-adapted (REGICOR) function and the REASON function, respectively. The study population will consist of patients aged 50 to 74 years with a CHD risk ≥ 7% and PAD risk ≥ 7%, making them candidates for an ABI measurement. Cases with an ABI result ≤ 0.9 will have their CHD reclassified as high or very high by doubling the initial REGICOR score and receive the recommendations of the lipid and cardiovascular risk guideline. The primary outcomes will be hard CHD, major adverse cardiovascular events (MACE), all-cause mortality, and improvement in CVD risk factors. Secondary outcomes include CHD (a composite of angina and hard CHD), cerebrovascular disease, and adverse effects from lipid-lowering medication. Survival analysis will estimate the effectiveness of adding the ABI screening strategy, with Cox models (intention-to-treat) and marginal structural models controlling for confounding variables.

Results and discussion: Direct health improvements in the intervened population are expected, including a reduction in CHD incidence and its risk factors. This project is particularly valuable, as delays in screenings and control of CV risk factors have accumulated after the COVID-19 pandemic. Therefore, this work is expected to help recover and enhance cardiovascular risk prevention efforts.

Clinical trial registration: ClinicalTrials.gov, NCT05884840.
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1 Introduction

Mortality due to cardiovascular diseases (CVD) in Spain accounted for 26.4% of all deaths in 2021; 28.9% of those occurred in women and 24.2% in men, and 24.2% were related to ischemic heart disease (1). Moreover, CVD also poses a huge economic burden: in 2021, the total cost of CVD was estimated to be €282 billion, 11% of EU-health expenditure (2).

The use of risk functions to individualize preventive interventions is a key strategy in primary prevention for CVD (3). The current coronary heart disease (CHD) screening risk function in some regions of Spain is the Framingham-adapted REGICOR (Registre Gironí del Cor) function (4). This function is integrated in the primary care electronic health records (EHR) system and predicts the probability of developing a coronary event within 10 years (5). Those with more than 10% of such probability are at high-risk, and thus, candidates for treatment with lipid-lowering medication and recommendations on healthy lifestyles. However, studies have also described that many events occur in people classified as having moderate risk (5–9.9%), who are not yet candidates for treatment (5, 6).

The current primary prevention strategy proposes additional (bio)markers to improve CHD risk classification (7, 8). A good CHD (bio)marker meets some basic criteria: (a) it is easily measurable and has a relatively high prevalence, (b) it is an independent predictor of CHD, and (c) when evaluated, it should classify a substantial proportion of the population who will suffer cardiovascular (CV) events as being at high risk (9). Among these (bio)markers, those that identify the presence of asymptomatic atherosclerosis are the most reliable to detect patients in the highest risk group (3, 9, 10).

The ankle-brachial index (ABI) is one of the best candidates that meet the above-mentioned three criteria (7, 8). The ABI can be easily measured with a non-invasive and inexpensive technique. Values lower than 0.9 are used to diagnose lower extremity artery disease [henceforth referred to as peripheral artery disease (PAD), which is associated with higher mortality risk and CV events (11)]. The ABI values provide independent risk information additional to coronary risk functions (7). A meta-analysis showed that having an ABI below 0.9 doubled the 10-year total mortality, CV mortality, and the risk of a major coronary event (MACE) (7). As noted by Poredoš et al., a low ABI is a useful screening tool that can be helpful in re-classifying patients’ CV risk into higher categories (12). Furthermore, a more recent local study performed in the province of Barcelona, the ARTPER study, also reported that the presence of PAD doubles, at a minimum, the risk of MACE as well as the risk of coronary disease and vascular mortality (9). Importantly, another local study in Girona (a region of Catalunya) reported that 86% of people with an ABI ≤ 0.9 did not exhibit any symptom (13).

Even though the ABI test is a simple technique and is performed regularly in the primary care settings, it is also time-consuming and requires devices and trained personnel to ensure accurate measurements (13). The inter-society consensus (ISC) practice guidelines for the management of people with PAD recommend ABI screening in patients aged 50–70 who have diabetes or are smokers, and in patients older than 70 years (14). However, these recommendations have a limited level of evidence, and the precision of PAD detection in the asymptomatic population has been hardly studied.

Therefore, we designed a new risk function, derivation of the REgicor and Artper Score fOr aNkle brachial index screening (REASON) (15), to select the best candidates for an ABI measurement. This model improved the prediction of ABI ≤ 0.9 in Spanish patients aged 50–74 who were apparently free of CHD (16), and showed similar sensitivity and improved specificity compared to ISC. Furthermore, the predictive ability of REASON can be modulated by changing the cut-off risk point. This feature can be useful to manage the available resources for CV prevention in each region of the world (15). A cut-off point of 7% has a sensitivity of 68%, a specificity of 72%, and selects 35% of the population as candidates for ABI screening (15). This improvement in predictive capacity translates into a considerable reduction in the number of screened people needed to detect a case with ABI ≤ 0.9. Therefore, by reducing the number of false positives and maintaining the sensitivity, the use of REASON should limit the workload and possible adverse events associated with CHD diagnostic procedures and medical treatments (15).

The adoption of a strategy that combines the current CHD risk estimation with REGICOR and the probability of having an ABI ≤ 0.9 assessed with REASON would detect patients that require an ABI test and improve the CHD risk classification (7, 8, 17). The diagnosis of asymptomatic PAD at an early stage can be a critical opportunity to influence the disease progression, prevent its complications, and control its risk factors. Additionally, early diagnosis can also be a motivation to help patients accept the recommendations and improve lifestyle habits, such as smoking cessation, diet, and increased physical activity.

The study that measured the predictive capacity of REASON for ABI ≤ 0.9 was observational, and thus, further research is needed to validate its results (15). Consequently, we have designed this clinical trial to appraise the effectiveness of REASON:

The aims of this study are: (1) to evaluate the effectiveness of integrating an ABI screening program into the current CHD risk assessment strategy for reducing the incidence of CHD and all-cause mortality among individuals aged 50 to 74, and (2) to evaluate the effectiveness of integrating an ABI screening program into the current CHD risk assessment strategy for mitigating CV risk factors among individuals aged 50 to 74.



2 Methods


2.1 Study design

This study will be conducted as a pragmatic cluster randomized trial in the primary care centers (PCC) of Catalonia. Patient monitoring will take place during a period of 2 years (2023–2025).



2.2 Participants

We will include people aged 50 to 74 years who had a REGICOR score ≥ 7% and a REASON score ≥ 7%, during a routine primary care visit. The exclusion criteria are patients with a previous history of symptomatic PAD, coronary disease, stroke, cardiac revascularization, or cLDL≥ 190 mg/dL or equivalents.



2.3 Sample size

The incidence of CV events (coronary or cerebrovascular disease, or symptomatic PAD) is expected to be 7% in the selected population during a period of 3 years. Accepting a 0.05 alpha risk and a 0.2 beta risk in a bilateral contrast, 20,171 people are needed in each arm, intervention and control groups, to detect a relative risk of 0.9.

Around 500.000 people aged 50–74 years have their CHD risk calculated in Catalonia per year. Out of those, we estimate that 36.000 will present both a REGICOR and REASON score ≥ 7%. Thus, in one and a half years we expect that there will be 54.000 people, 27.000 for each arm.



2.4 Intervention

This intervention aims to integrate an ABI screening program into the current CHD risk assessment in the primary care setting. We will use the prediction capacity of the REASON risk model to select the best candidates for ABI measurement in individuals aged 50–74 without previous CVD.

The whole intervention process is illustrated in Figure 1. During a routine primary care visit, individuals who meet the inclusion criteria will undergo the CHD risk assessment with REGICOR. If their REGICOR score is ≥ 7%, we will calculate their probability of having a low ABI, ≤ 0.9, using the REASON risk function. Individuals with a predicted probability of low ABI ≥ 7% will be the candidates for an ABI measurement performed by a trained health professional.

[image: Figure 1]

FIGURE 1
 Diagram of the HELENA study protocol. CHD, Coronary heart disease; ABI, Ankle-brachial Index; PAD, Peripheral artery disease.


The CHD risk of individuals with ABI results ≤ 0.9 will be reclassified. According to a previous meta-analysis, individuals with an ABI ≤ 0.9 have at least twice the 10-year total mortality, CV mortality and major coronary event rates compared to individuals with normal ABI values (7). Therefore, in individuals with an ABI ≤ 0.9, the initial REGICOR risk score will be doubled, and the patient reclassified into a high or very high CHD risk group.

Subsequently, physicians will provide recommendations based on the Catalan Health Institute’s Guidelines about Lipids and Cardiovascular Risk (18). For asymptomatic patients with ABI ≤ 0.9, the recommendations are as follows: (1) healthy lifestyle modifications: encourage healthy lifestyles such as regular physical activity (at least 30 min per day of moderate physical activity), adhesion to Mediterranean diet reduction of saturated or trans fats, daily consumption of fruits and vegetables, and consumption of fatty fish 2 days per week, weight management, reduction of alcohol consumption, and smoking cessation; (2) medication: use of moderate-intensity statin treatment based on individual CHD risk score. For high CHD risk score use simvastatin 20 mg/dL, atorvastatin 10 mg/dL, or pravastatin 40 mg/dL. For very-high CHD risk score, use simvastatin 40 mg/dL, or atorvastatin 20 mg/dL; (3) control of CVD risk factors: hypertension, diabetes, and hyperlipidemia. Patients with ABI > 0.9 should follow the recommendations of the guidelines based on the estimated CHD risk (Figure 1).


2.4.1 Pilot study

To assess key factors that could challenge the intervention implementation or would ensure its success, we conducted a pilot study over 2 weeks in March 2023 in 17 primary care centers. This study was supported by a group specialized in implementation research. Data on factors that ensured a successful implementation were collected via questionnaires and focus groups from health professionals. Participants in this pilot highlighted the importance of being familiar with the Catalan Health Institute’s Guidelines on Lipids and Cardiovascular Risk, and acquiring the necessary skills for the new screening program. Health professionals also emphasized the importance of effectively conveying the benefits of the screening program. Moreover, effective planning and organization within each center were identified as pivotal factors for the implementation of the intervention.

This information was used to develop a strategy for the adoption of the new CHD screening program. The strategy was based on the following main elements: (1) commitment to a common goal: a series of workshops and training sessions were organized to raise awareness of the new procedure; a representative of the health professionals was designated in each center to emphasize the life-saving potential of the new screening strategy; (2) collaborative organizational action: each center was encouraged to define a workflow considering the workload of the professionals and their available resources; (3) need for tension to prompt change: regular feedback loops were established to discuss project challenges and early results; performance monitoring variables were also integrated into the EHR and reviewed during the feedback sessions to maintain collective commitment; (4) sustainability of the intervention over time: to ensure sustainability, periodic sessions and updates were planned with the representatives of each center.




2.5 Data collection and management

This is a pragmatic clinical trial. Basic and monitoring data will be generated from the regular clinical practice; afterwards, the generated data will be extracted from the EHR. The following data will be collected:


2.5.1 Cardiovascular risk variables

We will use the REGICOR’s and REASON’s function scores; and the variables used for its calculation: age, sex, systolic and diastolic blood pressure, diabetes, tobacco consumption, total and HDL cholesterol; and ABI’s result if it is measured.



2.5.2 Monitoring and result variables

Monitoring of the patients’ data will occur every 3 months during the first semester of the study to assess the implementation. After that, it will be conducted every 6 months up to 3 years from the patients’ study enrolment.

The study primary outcomes will be hard CHD (myocardial infarction, cardiac revascularization, or coronary death); major adverse cardiovascular events (MACE), a composite of hard CHD and stroke (fatal and nonfatal ischemic stroke); all-cause mortality; and variables related to the assessment of CVD risk factors improvement: tobacco consumption, lipid profile, systolic and diastolic pressure, weight, height, body-mass index (BMI), glycemia, glycated hemoglobin (in patients with DM), creatinine, proteinuria, albumin-to-creatinine ratio, and glomerular filtration rate.

The secondary outcomes will be CHD (a composite of angina and hard CHD), cerebrovascular disease (a composite of stroke [fatal and nonfatal ischemic stroke] and transient ischemic attack); CVD (a composite of MACE, angina, and transient ischemic attack); lipid lowering medication adverse effects: short-term effects (muscular and hepatic alterations) and long-term effects (diabetes and cancer).

The considered potential confounding variables included sociodemographic information: age and sex; PHC related variables: attendance rate, billing rate, and length of time in the EHR; alcohol consumption; comorbidities: diabetes, atrial fibrillation, heart failure, dementia, endocrine and metabolic conditions, inflammatory diseases, asthma, chronic obstructive pulmonary disease, depression, CVD incidence rate; other comorbidities identified in the bivariant analysis; used medication: corticosteroids, antidepressants, hormonal substitutive therapy, oral contraceptives, antipsychotics, anti-inflammatories, Platelet aggregation inhibitors (other than heparin), antihypertensives, anti-diabetic drugs, and lipid lowering medication; laboratory related variables: alanine transaminase (ALT) and aspartate aminotransferase (AST). We will also record health-care quality standards of health care providers and a deprivation index (MEDEA index) (16).




2.6 Statistical analysis

Quantitative continuous variables will be described with the mean and standard deviation or with the median and the interquartile range; categorical variables will be described with frequencies (%). Continuous variables will be compared using the Student’s t-test or Analysis of variance (ANOVA); Mann–Whitney U or Kruskal-Wallis will be applied when pertinent. Categorical variables will be compared using the Chi-squared or Fisher exact test as needed.

Survival analysis tests will be used to estimate the effectiveness of introducing a screening program using ABI. We will build classical Cox models and marginal structural models to account for confounding and intermediate variables. The reduction of the absolute risk and the number needed to treat (NNT) to prevent one additional event will also be calculated.



2.7 Ethical considerations

This study has received the ethical approval from the SIDIAP Scientific Committee and the Research Ethics Committee from the Institut d’Investigació en Atenció Primària Jordi Gol i Gurina (reference number 22/088-P). The researchers are committed to respect the principles of human experimentation and good medical research from the Declaration of Helsinki and the 17.2.d Spanish “Organic Law 3/2018, 5th of December, personal data protection, and digital rights guarantee.” The data for analysis will be sourced from pseudonymized electronic medical records and will only be available to the research team, which will sign a confidentiality agreement before obtaining them.




3 Results and discussion

Cardiovascular diseases are the leading cause of death and disease burden worldwide. They have been associated with 6.2 million deaths in people aged 30 to 70 years in 2019 (19). The strategies to reduce this burden include the promotion of healthy lifestyles to improve behavioral risk factors and opportunistic screening in primary care facilities (20).

The introduction of this new PAD screening program using the ABI ≤ 0.9 predictive function will directly benefit the target population. The diagnosis of asymptomatic PAD at an early stage can be crucial for patient motivation and encourage acceptance of medical recommendations. This creates an opportunity to prevent disease progression, control risk factors, and improve lifestyles through smoking cessation, exercise, and diet.

The US Preventive Services Task Force stated that the available evidence is insufficient to establish population-based screening programs for PAD (20). However, this conclusion has been controversial because it did not consider the potential for preventing not only the progression of PAD itself, but also the development of severe CV events (17).

Moreover, a previous study, the Viborg Vascular Screening Trial (VIVA Study), evaluated the effectiveness of a combined screening strategy that included detection of PAD with ABI, detection of abdominal aneurysm, and blood pressure screening in men aged 65–74 years. After a 4.4-year follow-up, they observed a relative reduction in mortality of 7% in the intervention group, which translated into an absolute reduction of 0.6% (21). However, this study combines three interventions, which did not allow the evaluation of the screening with ABI alone. Besides, the study population included only men aged 65–74 without any criteria regarding CV risk. Another two ongoing trials also include ABI as part of their screening, but not in isolation (21, 22). The US Preventive Services Task Force does emphasize the need for conducting large trials to assess the effectiveness PAD screening using ABI measurement (20). These studies, in addition to isolating the effect of individual tests, should target individuals with an elevated risk of PAD who would not yet be receiving interventions to reduce their CHD risk (20). This is the population most likely to benefit from a screening intervention (20).

In our area, published evidence supports the effectiveness of preventive measures in individuals with asymptomatic PAD and no clinical CVD (23). In a previous study, we found that statin therapy was associated with a reduction in CV events and mortality in such a population, regardless of their CHD risk (23). The absolute reduction was comparable to that achieved in secondary prevention (23).

We expect that the impact of this intervention will not be limited to only CVD, but also other conditions related to lifestyle behaviors, such as reduction of smoking habits, increase in physical activity, and adhesion to Mediterranean diet. Importantly, the introduction of an ABI screening strategy into the current CHD risk assessment, is a groundbreaking approach to improve the CHD risk assessment. This innovative strategy is easy to perform and the technique included is non-invasive. Moreover, it aims to detect asymptomatic patients, thus becoming a useful risk modifier that will seek earlier interventions and overall improvement in health outcomes. This proposal offers a great opportunity, even more so since the COVID-19 pandemic has led to a reduction of CVD diagnoses at the primary care level. We expect that this strategy will contribute to restore and enhance CVD screening and prevention in the primary care settings (24).


3.1 Limitations

A major challenge of this study could have been the implementation of the intervention, but this has been addressed beforehand. We conducted a detailed implementation pilot study with the support of a group specialized in this field. Another limitation could be the quality of the data. However, we expect to minimize this challenge using the EHR from the primary care information systems. These records have been used extensively in research and validated (25), including the validation of medication exposure, which will be confirmed through the billing records from the community pharmacies. We also acknowledge that the success of the results of this project will rely on participants’ adherence to the treatment and recommendations after being classified as high risk. Measures to address this limitation have been carefully implemented through training, the provision of educational materials, and the designation of appointed persons in each primary care center to raise awareness on PAD and its importance. Finally, extrapolation of results to a broader population or other demographic groups should be cautious. The aim of this study is to include the ABI measurement to refine the current CHD screening program of the population classified as medium CHD risk and aged 50–70 years old.
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