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ABSTRACT

Age is a strong risk factor for cardiovascular disease. Accordingly, most cardiovascular risk
prediction models have included age as an independent risk factor. There is much evidence
that effective management of cardiovascular risk factors improves clinical outcomes even
in older adults. However, there are concerns that intensive treatment for older adults
increases the risk of adverse events. For hypertensive patients, intensive blood pressure
reduction with combination therapy increases the risk of syncope, acute kidney injury, and
falls. Intensive glucose-lowering therapy among older patients with diabetes increases

the risk of hypoglycemia or cognitive impairment. These findings suggest that a balanced
approach for older adults is required to increase the benefits and decrease the risk of side
effects. In contrast to older people, the estimated 10-year cardiovascular risk in young and
healthy individuals is low. However, the lifetime cardiovascular risk in these patients is
actually high. The 2021 European Society of Cardiology guideline on cardiovascular disease
prevention in clinical practice has been published. It proposed a different risk stratification
and recommendation for treatment according to age group, based on the concept of
avoiding undertreatment in young people and overtreatment in older persons. Although
the guideline recommends age-dependent risk stratification, risk categories should not be
applied to the mandatory initiation of drug treatment. In all age groups, other factors such as
lifetime cardiovascular risk, treatment benefit and harm, comorbidities, frailty, and patient
preferences should be considered when managing patients for primary prevention.

Keywords: Aged; Cardiovascular diseases; Guideline; Prevention

INTRODUCTION

Age is a major risk factor for cardiovascular disease (CVD). The prevalence of CVD, such as
hypertension, ischemic heart disease, atrial fibrillation, and heart failure, increases with
population aging.! Moreover, older adults older than 70 years of age represent two-thirds of
cases of atherosclerotic cardiovascular disease (ASCVD) mortality.? However, the treatment
of CVD risk factors for older patients needs to balance the benefits and risks. Older persons
are generally at high-risk of developing adverse drug events and side effects. Nonetheless, the
treatment benefit is limited to the older population because of their limited life expectancy.
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Therefore, the thresholds or cutoff values for CVD risk factor management should be less
strict for healthy older individuals than for younger individuals. In contrast, the relative
risk of CVD is usually lower in younger populations than in older populations. As a result,
younger patients are usually regarded as low-risk patients in most risk-prediction models.
However, the future lifetime risk of CVD is much greater in younger patients with multiple
risk factors than in older patients. Accordingly, the benefit of risk factor treatment is much
greater among younger patients than among older patients in the long term. A balanced
approach for both younger and older persons that considers the benefits and harms of
treating the risk factors of CVD should is needed.

Therefore, it is important to select individuals who can benefit from preventive treatment.
For this purpose, CVD risk prediction models were developed and used to identify high-

risk patients with future CVD events and those who can benefit from risk factor treatment.
This approach is also important to avoid unnecessary treatment of low-risk patients, thus
enhancing the cost-effectiveness and safety related to the treatment of CVD risk factors. In
this regard, a recent guideline highlighted the importance of lifetime risk reduction because
it is a more effective and beneficial approach to reduce the overall risk with a preventative
strategy than the conventional approach.? In this concept, the cutoff levels are different
according to age groups to avoid undertreatment in the young and overtreatment in older
persons. Prediction models incorporating lifetime risk may also be useful in patient-centered
clinical decision-making because they deal with other characteristics, such as susceptibility
to CVD and patient preferences.* In this review, the problems of previous risk evaluation and
prediction models are discussed and then a new concept of recommendation that reflects the
importance of lifetime risk and optimized therapy for the primary prevention of CVD among
younger and older individuals is introduced.

PROBLEMS WITH THE RISK EVALUATION AND
MANAGEMENT MODEL

There are 2 different strategies for the prevention of CVD (Fig. 1).° The first one is the
“individual-based approach,” which identifies high-risk patients and targets those with a
decreased CVD risk. The second approach is the “population-based approach,” which targets
the overall population and aims to decrease the risk level among the whole population.

The population-based approach is generally performed through national campaigns or
policies, such as the recommendation of a low-salt diet, encouraging physical activity, and
maintaining optimal blood pressure. Although the effect of a small reduction in the overall
CVD risk is unexceptionally large, it is not easy to practice or sustain population-based global
risk reduction.

In contrast, the individual-based approach is effective and feasible, and is usually performed
in daily clinical practice. However, a substantial number of CVD events occur among
intermediate- or low-risk groups; thus, this approach should be facilitated by a well-
established risk prediction model and intensive treatment for the high-risk group. In the
individual-based approach, assessment of the CVD risk is the initial and essential part

of CVD prevention strategies. Accordingly, most guidelines suggest an appropriate risk
prediction model; thus, there are several available risk stratification models such as the
Framingham risk score, pooled cohort equations, Assessing Cardiovascular Risk using

the Scottish Intercollegiate Guidelines Network, Systematic Coronary Risk Evaluation
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Fig. 1. Two different strategies for cardiovascular disease prevention.

(SCORE), Prospective Cardiovascular Miinster Study, and Qresearch Cardiovascular Disease
Risk Algorithm to evaluate the future risk of CVD.®” However, previous reports showed
that the estimated risk was higher than the actual events rate. Liu et al.® reported that

the Framingham risk assessment tool overestimated the actual CVD event in a Chinese
cohort study. In addition, the American College of Cardiology (ACC)/American Heart
Association (AHA) 2013 pooled cohort equations overestimated the risk of CVD among
the Korean population.® These findings might be related to the differences in ethnic
backgrounds or CVD prevalence in Asian countries. However, a study of a European
population aged 55 years or older also significantly overestimated the actual risk of CVD
events. This overestimation might lead to the overtreatment of risk factors, such as statin
therapy for hypercholesterolemia. In fact, the ACC/AHA guidelines recommended statin
therapy for nearly all men and two-thirds of women, proportions exceeding those with
the Adult Treatment Panel-III or European Society of Cardiology (ESC) guidelines.” This
is derived from the fact that the risk stratification model was developed from a previous
cohort study. However, the incidence of CVD decreased, and the management of CVD risk
factors improved during this period." Accordingly, the risk prediction model frequently
overestimated the actual event rate of CVD."

In addition, the risk of CVD is highly age-dependent; thus, age is the strongest predictor of
CVD in risk prediction models. However, the relationship between traditional risk factors and
CVD is attenuated with aging, leading to the overestimation of CVD risk and potential benefit
from risk factor treatment in older persons.® This incorrect prediction leads to unnecessary
treatment, polypharmacy, increased risk of adverse drug events, reduced quality of life, and
increased medical costs among older patients. Moreover, healthy older people with minimal
or no CVD risk factors can be classified as candidates for statin treatment only according to
their age. In addition, traditional risk prediction models predict all-cause mortality, but not
non-fatal cardiovascular events. Thus, CVD risk is overestimated in older people because of
the increased risk of non-cardiovascular mortality. This also leads to the overestimation of
CVD risk and overtreatment of CVD risk factors in older adults.

The benefit of treatment for CVD risk factors tends to decrease with age. The relative risk of
developing CVD associated with higher systolic blood pressure and diastolic blood pressure is

https://doi.org/10.12997/jla.2023.12.2.96 98



Journal of
Lipid and
Age Related Guideline for Primary Prevention Atherosclerosis

https://e-jla.org

lower at older ages than at younger ages. However, the high blood pressure-related absolute CVD
risk is higher in older persons due to the higher incidence rate of CVD events at an older age.*
Further, there is limited evidence favoring the treatment of risk factors among older adults.

For this reason, the pooled cohort risk equations have poor performance in risk prediction
for older individuals.” Finally, the lifetime benefit of risk factor treatment is smaller in older
people than in younger people due to the limitation of life.

UNDERSTANDING THE CONCEPT OF LIFETIME RISK
EVALUATION AND MANAGEMENT

The prevention of CVD through risk factor management should be performed from a lifetime
perspective. The 10-year CVD risk in young and healthy people is low, even in the presence of
high-risk profiles; however, the lifetime CVD risk is substantially high.! These characteristics
should be considered in the decision-making process for managing younger individuals. For
example, in apparently healthy adults (<50 years), a 10-year CVD risk >7.5% is classified as a
very high-risk group because this risk relates to a high lifetime risk; thus, treatment of CVD
risk factors should be recommended.”

Accordingly, recent guidelines have incorporated the concept of “lifetime risk” in treatment
recommendations to highlight the importance of treatment for younger individuals with
substantial risk factor burden who do not yet have a high 10-year risk of CVD.* The early
treatment will result in small absolute risk reductions at younger ages; however, the benefit of
early intervention will be larger over one’s lifespan.

The lifetime benefit from risk factor management can be estimated by combining lifetime
risk models derived from previous studies.” There are online calculators to estimate the
lifetime CVD risk and benefit of CVD risk factor management, such as smoking cessation,
lipid lowering, and blood pressure lowering on an individual patient level.*® Yet, there are
no definite thresholds for the lifetime benefit to recommend or initiate the intervention.
Additionally, the estimated lifetime benefit should be considered based on the duration of
treatment. The duration of lifelong risk factor treatment is longer among young individuals
than among older people. This characteristic should be considered in a shared decision-
making process between healthcare providers and patients. Besides the expected treatment
harms and costs that must be considered, the desired treatment benefit needs to be
established. Lifetime benefits are easy to interpret and may improve communication in
shared decision-making processes. This may also increase patient engagement, self-efficacy,
and the motivation to adhere to lifestyle changes and drug treatment.”

RECENT UPDATE OF RISK PREDICTION MODEL AND
CARDIOVASCULAR PREVENTION GUIDELINE

Age is a major risk factor for CVD; thus, older individuals are considered a high-risk group.
However, the benefit of lifelong management of risk factors is greater in younger individuals.
Thus, the risk thresholds for treatment should be lower in younger people. In addition,

it should be noted that the total CVD risk is a continuum; all cutoff values to define risk
categories are arbitrary. In general, CVD risk can be labelled as “high” when the chance of
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developing CVD is high, and a reduction in CVD risk is effective and cost-efficient. However,
cutoff values should differ according to the economic conditions and prevalence of the
disease in specific countries.

SCORE is a risk estimation system endorsed by the ESC and integrated in the ESC prevention
guideline.” The SCORE system is based on a dataset from 12 large European cohorts
including 205,000 participants free of CVD at baseline, aged 40 to 65 years. The model
estimates the risk of the first fatal CVD event within the next 10 years. Two versions of SCORE
were produced, low- and high-risk countries, and 4 different risk categories (low, moderate,
high, and very high-risk) were suggested. The SCORE model has several advantages and
limitations as well. The model is based on risk factor levels and CVD mortality rates in
cohorts examined many years ago. Nevertheless, the incidence of ASCVD has declined
recently; thus, the model may have overestimated the total ASCVD risk. In addition, there

is a huge variation in the incidence between many European countries. To overcome this
limitation, a new model, SCORE 2, was developed, validated, and published.?? SCORE 2
provides risk estimates for fatal and non-fatal CVD events. It has also been systematically
recalibrated using contemporary CVD rates among 4 distinct European regions defined by
varying CVD risk levels. SCORE 2 is limited to adults aged <70 years. However, approximately
two-thirds of all CVD deaths in Europe occur in the population aged 75 years and older.
Moreover, CVD is responsible for substantial morbidity and a reduction in quality of life.
Thus, the SCORE 2 working group developed and published an updated SCORE 2 Older
Persons system for the prediction of CVD risk for adults older than 70 years of age.”

In the 2021 ESC prevention guideline, the cutoff values for ASCVD risk differ according to
age group to avoid undertreatment in young individuals and overtreatment in older persons
(Table 1).” As age is a major driver of CVD risk, the lifelong risk factor treatment benefit

is higher in younger people than in older people, and the suggested risk thresholds for
preventive treatments are lower for younger patients than for older patients.

Similar age-dependent different recommendations for CVD risk factor management have
been published in the United States (U.S.) as well. The U.S. Preventive Services Task Force
recommended prescribing a statin for primary prevention of CVD in adults aged 40-75 year
who have one or more CVD risk factor and an estimated 10-year CVD risk >10%. However,

it stated that the current evidence is insufficient to assess the balance between the benefits
and harms of starting statin therapy for primary prevention among healthy adults older than
75 years of age.? This statement was based on the lack of evidence regarding the benefits of
statin therapy among older patients, especially for primary prevention purposes.” A recent
study regarding the effect of ezetimibe on Japanese adults aged over 75 years showed that it
decreased the risk of primary outcome (a composite of sudden cardiac death, myocardial
infarction, coronary revascularization, or stroke) among patients without a history of any
CVD or stroke. The efficacy and safety of ezetimibe for the primary prevention of CVD should
be tested in another ethnic group.

Table 1. Atherosclerotic cardiovascular disease risk categories based on SCORE 2 and SCORE 2 Older Persons
(10-year risk of a fatal or a non-fatal cardiovascular disease event) in healthy people according to age

Risk group <50 yr 50-69yr 270 yr
Low to moderate-risk <2.5% <5% <7.5%
High-risk 2.5% to <7.5% 5% to <10% 7.5% to <15%
Very high-risk >7.5% >10% >15%

SCORE, Systematic Coronary Risk Evaluation.
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Aspirin therapy for primary prevention has changed among older patients. Due to the lack
of benefits among relatively healthy older adults, aspirin therapy was not recommended for
primary prevention purposes in patients aged 60 years or older.”’

Similarly, the goal of glucose control should differ based on the health status of older adults
with diabetes mellitus. For healthy adults aged over 65 years who have a longer life expectancy,
the recommended target hemoglobin Alc (HbAlc) goal is less than 7.0%-7.5%. However, the
target goal is less than 8.0% for older adults with complex medical conditions or impaired
functional status. The guidelines recommend that the HbAlc level alone should not be

relied on, but instead glucose control decisions should be based on avoiding hypoglycemia
and symptomatic hyperglycemia in frail or dependent older adults with a very limited life
expectancy because the benefit of intensive glucose control in these patients is uncertain.?®

REVIEW OF RECENT KOREAN DYSLIPIDEMIA GUIDELINE

The recent guideline highlighted the importance of aggressive management of dyslipidemia
in high-risk patients. Thus, the new Korean Guidelines for the Management of Dyslipidemia
(the 5th edition) recommended a stricter (lower) target goal for patients with coronary artery
disease. In addition, for high-risk diabetes patients, patients having diabetes for more than 10
years, major risk factors (age [men >45 years, women 255 years], family history of premature
ASCVD, hypertension, smoking, and low high-density lipoprotein-cholesterol level [<40 mg/
dL]), or target organ damage (albuminuria, chronic kidney disease [estimated glomerular
filtration rate <60 mL/min/1.73 m?], retinopathy, neuropathy, left ventricular hypertrophy), the
target goal of low-density lipoprotein (LDL) cholesterol management changed from less than
70 mg/dL to 55 mg/dL. Finally, patients with acute myocardial infarction are recommended to
receive statin therapy irrespective of their LDL cholesterol level.

However, there was no difference in the recommendation of statin therapy based on the age
of the patients. A recent publication regarding the risk score of future CVD in 182 countries
showed that the Korean middle age group (40-64 years) had the lowest 10-year risk of CVD.
Based on the risk prediction model, only 1% of them were at high-risk of CVD. In other
words, if you focus on the high-risk group, we may lose a substantial number of patients
who had a considerable life-time risk of future CVD. Moreover, the life-expectancy of Korean
people exceed that of people in other countries and Korea is estimated to become the most
aged country in the world by 2030.% Accordingly the early management of dyslipidemia is of
greater importance among the relatively healthy Korean adults.

FUTURE PERSPECTIVE OF RISK STRATIFICATION;
BIOMARKER, ARTIFICIAL INTELLIGENCE (Al), AND
PERSONALIZED PREDICTION

In the 2021 ESC guideline, the population was divided into 3 distinct age groups (<50,
50-69, and >70 years), and the cutoff values for the risk groups were different according to
the 3 age groups. However, age is continuous, and there was no reason to support a rapid
change among the 3 different age groups. As a result, any increase in age is associated
with an increase in the cutoff values for CVD risk thresholds. In addition, there may be a
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group of individuals showing heterogeneity, even in the same age group. Accordingly, one
should always remember its purpose when using these cutoff values in risk stratification.
There is no definite risk threshold, which implies mandatory treatment for risk factors. The
decision to begin risk factor management is a matter of individual considerations and shared
decision-making. Being in a certain risk group should not be translated to initiating statin or
antihypertensive drug treatment.

In this regard, novel biomarkers can provide precise information that is helpful for decisions
related to risk factor management. In the 2021 ESC prevention guideline, any tests for
potential risk modifiers such as genetic risk scores and circulating or urinary biomarkers

are not recommended. Yet, risk estimation can be improved by the evaluation of subclinical
ASCVD. Among them, the coronary artery calcium score (CACS) is a good surrogate marker
of subclinical ASCVD and independently predicts the risk of ASCVD. Risk estimates provided
by the CACS can improve the accuracy of the ASCVD risk, especially among individuals in
the moderate-risk group. However, the CACS has a limited ability to reclassify the ASCVD
risk into low or very high ASCVD risk groups. Carotid ultrasonography, which can detect
atheromatous plaques, is an alternative method for risk evaluation. These surrogate markers
are especially helpful for decision-making regarding drug treatment in the intermediate
ASCVD risk group. Further studies regarding the clinical efficacy and cost-effectiveness of
imaging biomarker-based risk evaluations are required.

Genetic risk scores will also be helpful in identifying individuals at an increased risk for
coronary heart disease. Thus, people with a higher genetic risk can receive the largest
clinical benefit from statin therapy.* Thus, with the use of a genetic risk score, we can
provide different treatment strategies, although their risk groups are the same. However, the
polygenic risk score for CVD was not captured by guideline-based clinical risk algorithms
and was not reflected in current daily clinical practice.® In the near future, with the increase
in genetic testing, which will enable us to know about the genetic risk score more easily,
incorporation of the genetic risk score into guideline-based primary prevention algorithms
will improve risk prediction and individual-based personal treatment.

Finally, AL a field of computer science that can mimic human thought processes, learning
capacity, and knowledge storage, can help identify the high-risk group and estimate the risk
of the population. A previous study showed that a machine learning model can predict the
presence and extent of subclinical atherosclerosis in young, asymptomatic individuals.®? The
information derived from Al can be used to select high-risk individuals who can benefit from
intensive risk factor management. Although there is limited evidence supporting the role

of Al-based risk prediction in clinical practice, it will open a new era in risk prediction and
risk management in the near future. In particular, diverse data can be gathered with the use
of various wearable devices, social media, electronic health data, and multiple “omic” data.
Accordingly, the power of Al in CVD risk prediction and management will be greater in terms
of processing big data to predict future risk.*

CONCLUSIONS

It is beneficial to treat hypertension, diabetes mellitus, and dyslipidemia, even among older
persons. However, the absolute and relative risks associated with the presence of well-
established CVD risk factors should be individualized considering age, (sub)clinical organ
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damage, and other risk factors. In particular, current guidelines underscore the importance
of the lifetime risk of CVD and propose different recommendations according to age group.
Guidelines can be referred to when we treat patients in our clinic, but we should not follow
the recommendation without considering the patients’ characteristics. In the near future,
clinical, biochemical, and imaging parameters will be used to stratify cardiovascular risk and
provide more detailed information regarding the risk management of individual patients.

Al will provide a big data-based individualized risk evaluation and targeted approach for the
prevention of CVD.
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