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Atherosclerotic cardiovascular disease (ASCVD) is one of the leading causes of death worldwide and in Taiwan. It is

highly prevalent and has a tremendous impact on global health. Therefore, the Taiwan Society of Cardiology

developed these best-evidence preventive guidelines for decision-making in clinical practice involving aspects of

primordial prevention including national policies, promotion of health education, primary prevention of clinical

risk factors, and management and control of clinical risk factors. These guidelines cover the full spectrum of ASCVD,

including chronic coronary syndrome, acute coronary syndrome, cerebrovascular disease, peripheral artery disease,

and aortic aneurysm. In order to enhance medical education and health promotion not only for physicians but also

for the general public, we propose a slogan (2H2L) for the primary prevention of ASCVD on the basis of the essential

role of healthy dietary pattern and lifestyles: “Healthy Diet and Healthy Lifestyles to Help Your Life and Save Your

Lives”. We also propose an acronym of the modifiable risk factors/enhancers and relevant strategies to facilitate

memory: “ABC2D2EFG-I’M2 ACE”: Adiposity, Blood pressure, Cholesterol and Cigarette smoking, Diabetes mellitus

and Dietary pattern, Exercise, Frailty, Gout/hyperuricemia, Inflammation/infection, Metabolic syndrome and

Metabolic dysfunction-associated fatty liver disease, Atmosphere (environment), Chronic kidney disease, and Easy

life (sleep well and no stress). Some imaging studies can be risk enhancers. Some risk factors/clinical conditions are

deemed to be preventable, and healthy dietary pattern, physical activity, and body weight control remain the

cornerstone of the preventive strategy.

Key Words: Atherosclerotic cardiovascular disease � Guidelines � Primary prevention
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Abbreviations
ABI Ankle-brachial index

ACC American College of Cardiology

ACS Acute coronary syndrome

ADH Alcohol dehydrogenase

AHA American Heart Association

ALDH Aldehyde dehydrogenase

AMI Acute myocardial infarction

apoB Apolipoprotein B

ArtS Arterial stiffness

ASCVD Atherosclerotic cardiovascular disease

baPWV Brachial-ankle pulse wave velocity

BMI Body mass index

BP Blood pressure

CAC Coronary artery calcium

CAD Coronary artery disease

CCS Chronic coronary syndrome

CCTA Coronary computed tomographic angiography

cfPWV Carotid-femoral pulse wave velocity

CI Confidence interval

CIMT Carotid intima-media thickness

CKD Chronic kidney disease

COPD Chronic obstructive pulmonary disease

COR Class of recommendation

CVD Cardiovascular disease

DASH Dietary Approaches to Stop Hypertension

DBP Diastolic blood pressure

DHA Docosahexaenoic acid

DM Diabetes mellitus

eGFR Estimated glomerular filtration rate

EPA Eicosapentaenoic acid

ESC European Society of Cardiology

FH Familial hypercholesterolemia

HbA1C Hemoglobin A1C

HDL-C High-density lipoprotein cholesterol

HR Hazard ratio

hsCRP High-sensitivity C-reactive protein

LDL-C Low-density lipoprotein cholesterol

LOE Level of evidence

Lp(a) Lipoprotein (a)

MAFLD Metabolic dysfunction-associated fatty liver disease

MeDiet Mediterranean diet

MetS Metabolic syndrome

MI Myocardial infarction

NRT Nicotine replacement therapy

OSA Obstructive sleep apnea

PAD Peripheral artery disease

PCE Pooled Cohort Equation

PCSK9 Proprotein convertase subtilisin/kexin 9

PM Particulate matter

RCT Randomized controlled trial

SBP Systolic blood pressure

SCORE Systemic COronary Risk Evaluation

SGLT2 Sodium-dependent glucose cotransporter-2

TC Total cholesterol

TEA Taiwanese Eating Approaches

TG Triglyceride

TNHIRD Taiwan National Health Insurance Research

Database

TSOC Taiwan Society of Cardiology

TwCCCC Taiwan Chin-Shan Community Cardiovascular Cohort

UACR Urine albumin clearance ratio



1. INTRODUCTION

This guideline is divided into 2 parts. Part I (section

1.1-3.4) includes introduction, impact of risk factors and

clinical conditions, preventive strategies, and surrogate

markers. Part II (section 4.1-5.13) includes other con-

comitant disorders and interventions.

1.1. Scope of the guidelines

1.1.1. Definition of atherosclerotic cardiovascular disease

(ASCVD)

The initiation and progression of atherosclerosis in-

volve complex mechanisms, including atherogenic lipid

deposition and oxidation, pro-inflammation, vascular

endothelial dysfunction, smooth muscle cell proliferation

and migration, extracellular matrix degradation, and im-

mune cell recruitment, thereby leading to plaque forma-

tion and growth.
1

Clinically manifested ASCVD occurs

when atherosclerotic plaque obstructs vascular lumen

due to blood flow limitation or thrombosis formation

from rupture of vulnerable plaque.
1

The initiation of ath-

erosclerosis usually occurs early in life.
2

Some studies

have demonstrated that fatty streak, an early pathological

sign of atherosclerosis, can be found in relatively younger

individuals.
2-4

The scope of the current primary preven-

tion guidelines focus on the prevention of ASCVD involv-

ing aspects of primordial prevention.
5

The definition of

ASCVD in these guidelinesis in line with the recently

published Taiwan lipid guidelines for primary prevention
6

and chronic coronary syndrome (CCS),
7

and includes:
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1. CCS, such as stable angina with positive stress test

and/or major coronary artery diameter stenosis � 50%

by imaging studies, stable symptoms after acute coro-

nary syndrome (ACS)/percutaneous coronary inter-

vention, vasospastic angina, micro-vascular angina,

and silent coronary artery disease (CAD) on screening.

2. ACS, such as unstable angina and acute myocardial in-

farction (AMI).

3. Cerebrovascular disease, such as transient ischemic

attack, ischemic stroke, and carotid artery stenosis �

50% by imaging studies.

4. Peripheral artery disease (PAD), such as symptoms

suggestive of PAD with ankle-brachial index (ABI) < 0.9

or � 1.3, and major extremity artery diameter stenosis

� 50% by imaging studies.

5. Aortic atherosclerotic disease, such as thoracic or ab-

dominal aortic aneurysm by imaging studies.

The full spectrum of ASCVD is covered in these

guidelines (Figure 1), and the scope is demonstrated

(blue area) in the hierarchy of ASCVD prevention shown

in Figure 2.

1.1.2. Epidemiology and prognosis

ASCVD is one of the leading causes of death world-

wide and in Taiwan.
8,9

In 2022, cardiovascular disease

(CVD) accounted for approximately 24,000 deaths in Tai-

wan.
9

More than 17,000 people die of CAD annually in

Taiwan.
7

According to analyses of the Taiwan National Health
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Figure 2. The scope of the guidelines: ASCVD prevention hierarchy. The scope of these guidelines is demonstrated in blue area. ASCVD, athero-

sclerotic cardiovascular disease.

Figure 1. Full spectrum of ASCVD. ACS, acute coronary syndrome;

ASCVD, atherosclerotic cardiovascular disease; CCS, chronic coronary

syndrome; PAD, peripheral artery disease.



Insurance Research Database (TNHIRD), the incidence

rate of AMI gradually increased from 1997-2011, mainly

driven by an increase in non-ST segment elevation

myocardial infarction (MI),
10-12

and the in-hospital mor-

tality rate of AMI was 6.5% in 2011.
11

The incidence

rate of ischemic stroke has declined worldwide, where-

as the mean global life-time risk of stroke has increased.
8,13

In agreement with global data, the incidence rate of

ischemic stroke declined from 2000-2011 in Taiwan,

and the 30-day in-hospital mortality rate was 1.9%

from 2008-2011.
14

The reported prevalence rate of aor-

tic aneurysm in Western countries is around 1.3% to

8%.
15

A population-based nationwide analysis showed

an increasing trend in the incidence and prevalence of

aortic aneurysm from 2005 to 2011, with average an-

nual incidence and prevalence rates of 7.35 per 100,000

persons and 29.04 per 100,000 persons, respectively.
15

In addition, the mortality rate increased from 1.41 per

100,000 persons to 4.70 per 100,000 persons during this

period.
15

Owing to discrepancies in the definitions and

study populations of CCS and PAD in the literature, it is

difficult to clearly identify the prevalence and incidence

of both diseases. A systematic review estimated that the

global prevalence of PAD was 5.6% in 2015.
16,17

Taken

together, ASCVD is highly prevalent and has a tremen-

dous impact on global health, and this was the rationale

for developing these primary prevention guidelines.

1.1.3. Guideline development process

In October 2022, the development of guidelines for

the primary prevention of ASCVD was proposed by the

Preventive Medicine Committee of the Taiwan Society

of Cardiology (TSOC) and approved by the Executive

Board of the TSOC thereafter. The members of the writ-

ing group were selected by the chairperson of the Pre-

ventive Medicine Committee of the TSOC and some of

them were also recommended by the Hypertension Com-

mittee of the TSOC, the Taiwan Hypertension Society,

and the Taiwan Society of Lipid and Atherosclerosis. To

establish consensus among the writers by reviewing clin-

ical evidence, three virtual meetings were held on Feb-

ruary 11, 12 and 13 in 2023. Some issues were further

discussed and clarified during subsequent symposiums

held by the TSOC to reach final consensus. All recom-

mendations are listed in Table 1, and the top ten features/

key messages/highlights are summarized in Table 2.

1.1.4. The purpose and thinking map of the guidelines

The purpose of the guidelines is to provide best-evi-

dence guidance for decision-making in clinical practice

rather than exclusive regulation. Healthcare providers are

at full discretion in clinical practice, owing to the diver-

sity of individuals and practice, and the availability of re-

sources and facilities.

A review of the evidence with respect to risk factors

and concomitant diseases was arranged in the following

order if appropriate:

1. Epidemiology of this risk factor or concomitant dis-

ease.

2. Clinical impact of this risk factor or concomitant dis-

ease on the development of ASCVD.

3. Potential role of this risk factor or concomitant dis-

ease for risk assessment.

4. Strategies to prevent this risk factor or concomitant

disease.

5. Strategies to prevent ASCVD by modifying this risk fac-

tor or concomitant disease.

1.1.5. Class of recommendation (COR) and level of

evidence (LOE)

We adopted COR and LOE for each recommendation

in these guidelines for a better understanding of how

strong our recommendations are with the available evi-

dence. The definitions of COR and LOE, in line with pre-

vious TSOC guidelines,
7,18

are shown as follows and li-

sted in Table 3. CORs are used to denote whether a rec-

ommendation is beneficial/useful/effective or not use-

ful/effective and may be harmful in some cases.
7,18

Class

I recommendations indicate that they are beneficial/

useful/effective and should be performed. Class II re-

commendations indicate that there is conflicting evi-

dence and/or divergent opinions about the benefit/use-

fulness/efficacy and should be weighed with benefit and

risk if they are applied in clinical practice.
7,18

Class IIa in-

dicates that the weight of benefit and risk is in favor of

the recommendations, whereas class IIb indicates that

the recommendations are less well established by evi-

dence/opinions.
7,18

Class III recommendations indicate

that they are not useful/effective and may be harmful in

some cases, and should not be performed.
7,18

LOEs are

used to denote the strength of evidence supporting the

recommendations.
7,18

LOE A indicates that the recommen-

dations are based on multiple randomized controlled
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trials (RCTs) or meta-analyses of high-quality RCTs.
7,18

LOE B indicates that the recommendations are derived

from one RCT only or large non-randomized studies,

meta-analyses of moderate-quality RCTs or non-ran-

domized studies.
7,18

LOE C indicates that the recommen-

dations are established by only small studies, expert

consensus, or observational studies, that is, subgroup

analyses, post-hoc analyses, retrospective studies, cohort

studies, and registries.
7,18

1.1.6. The TSOC slogan for the primordial and primary

prevention of ASCVD and the acronym of the

modifiable risk factors/enhancers and strategies

In order to enhance medical education and health

promotion not only for physicians but also for all people

in the world, we propose a slogan (2H2L) for the primor-

dial and primary prevention of ASCVD on the basis of

the essential role of healthy dietary pattern and life-

styles: “Healthy Diet and Healthy Lifestyles to Help

Your Life and Save Your Lives” (Figure 3). Furthermore,

we propose an acronym of the modifiable risk factors/

enhancers and relevant strategies to facilitate memory:

“ABC2D2EFG-I’M2 ACE” (Figure 4). A denotes adiposity, B

indicates blood pressure (BP), C2 denotes cholesterol

and cigarette smoking, D2 represents diabetes mellitus

(DM) and dietary pattern, E indicates exercise, F de-

notes frailty, G denotes gout/hyperuricemia, I repre-

sents inflammation/infection, M indicates metabolic

syndrome (MetS) and metabolic dysfunction-associated

fatty liver disease (MAFLD), A denotes atmosphere (en-
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vironment), C denotes chronic kidney disease (CKD), and

the last E represents easy life (sleep well and no stress).

1.2. Risk assessment

1.2.1. Introduction of risk assessment

ASCVD causes a great disease burden in Taiwan and

globally. Risk assessment for primary prevention in the

general population is helpful to identify individuals at

risk of ASCVD and further consultation and treatment of

high-risk groups. The purpose of risk assessment is to

identify individuals who are at high risk for ASCVD and

to implement preventive strategies to reduce their risk.

Risk assessment involves collecting and analyzing data

Acta Cardiol Sin 2024;40:479�543 490
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Table 2. Top 10 features/key messages/highlights of the recommendations

1. We clearly define the definitions of ASCVD and cover the full spectrum of ASCVD, not only MI or stroke, elsewhere appropriate

in this guideline.

2. The scope of the current primary prevention guideline focuses on primary prevention of ASCVD involving parts of primordial

prevention, including national policies, promotion of health education, primary prevention of clinical risk factors, management

and control of clinical risk factors.

3. In order to enhance medical education and health promotion not only for physicians but also for the general public, we propose

a slogan for primary prevention of ASCVD on the basis of the essential role of healthy dietary pattern and lifestyles: “Healthy

Diet and Healthy Lifestyles to Help Your Life and Save Your Lives”.

4. In addition to the TwCCCC point-based risk chart, we also recommend the coefficient-based risk prediction model constructed

by Chang et al. for risk assessment.

5. We design an acronym of the modifiable risk factors/enhancers and relevant strategies to facilitate memories: “ABC2D2EFG-I’M2

ACE”: Adiposity, BP, Cholesterol and Cigarette smoking, DM and Dietary pattern, Exercise, Frailty, Gout/hyperuricemia,

Inflammation/infection, MetS and MAFLD, Atmosphere (environment), CKD, and Easy life (sleep well and no stress).

6. Among common concomitant disorders, we particularly focus on the MAFLD, sleep disorders and psoriasis arthritis based on

the consensus statement jointly published by the TSOC and other relevant Societies/Associations in Taiwan.

7. For primary prevention of ASCVD, the treatment target for each modifiable risk factor is shown as below: reducing body weight

by 5-10%; BP < 130/80 mmHg (SBP < 120 mmHg in high risk); LDL-C < 100 mg/dL in high risk, LDL-C < 115 mg/dL in moderate

risk, LDL-C < 130 mg/dL in low risk, and LDL-C < 160 mg/dL in minimal risk; complete and persistent abstinence from cigarette

smoking; HbA1C < 7.0%; fulfilling recommended amounts of six food groups by the Taiwan food guide; and moderate-intensity

physical activity 150 min/wk or vigorous physical activity 75 min/wk.

8. With regard to the role of images on ASCVD risk assessment, a CAC score might be useful in low-to-intermediate risk; carotid

plaque burden evaluated by carotid ultrasound should be considered and measurement of end-diastolic velocity in the common

carotid artery may be used to enhance cardiovascular risk classification; cfPWV (> 10 m/s) or baPWV (> 1800 cm/s) should be

helpful to make the clinical decision making in selected individuals; ABI should be considered as a risk enhancer in borderline or

intermediate risk.

9. Some risk factors/clinical conditions, such as hypertension, DM, cigarette smoking, obesity, MetS, CKD, and mental disorders,

are deemed to be preventable. Healthy dietary pattern, physical activity, and body weight control remain the cornerstone of

the preventive strategy.

10. For primary prevention of ASCVD, pharmacological approach for management of risk factors/clinical conditions includes: Statin

is the first-line therapy for reducing LDL-C levels and ezetimibe may be considered if LDL-C not on target under statin therapy or

statin intolerance. A PCSK9 inhibitor is reasonable in high risk in the context of high-intensity statin or maximally tolerated

statin + ezetimibe therapy; a GLP-1 RA is recommended and metformin can be used in patients with type 2 DM and an SGLT2

inhibitor should be considered in patients with type 2 DM and CKD; GLP-1 RAs (liraglutide or semaglutide), orlistat, or

naltrexone/bupropion ER is recommended to assist in weight management for obese patients with a BMI � 30 Kg/m
2

(or 27

kg/m
2

who also have at least one ASCVD risk factor or obesity-related comorbidity) despite no RCT in terms of primary

prevention of ASCVD; an angiotensin converting enzyme inhibitor should be and finerenone can be used in diabetic patients

with CKD for primary prevention of ASCVD; aspirin 75-100 mg orally daily might be used for primary prevention of ASCVD

among adults who are at high ASCVD risk or with a CAC score � 100 and low bleeding risk.

ABI, ankle-brachial index; ASCVD, atherosclerotic cardiovascular disease; baPWV, brachial-ankle pulse wave velocity; BMI, body

mass index; BP, blood pressure; CAC, coronary artery calcium; cfPWV, carotid-femoral pulse wave velocity; CKD, chronic kidney

disease; DM, diabetes mellitus; ER, extended release; GLP-1 RA, Glucagon-like peptide-1 receptor agonist; HbA1C, hemoglobin A1C;

LDL-C, low-density lipoprotein cholesterol; MAFLD, metabolic dysfunction-associated fatty liver disease; MetS, metabolic syndrome;

MI, myocardial infarction; PCSK9, proprotein convertase subtilisin/kexin 9; RCT, randomized controlled trial; SGLT2, sodium-

dependent glucose cotransporter-2; TSOC, Taiwan Society of Cardiology; TwCCCC, Taiwan Chin-Shan Community Cardiovascular

Cohort.



on various risk factors such as demographic information,

lifestyle factors, clinical disease status, and biological

markers, and the collected information is then used to

construct a prediction model for the absolute risk for

ASCVD.

1.2.2. Steps for constructing the prediction model and

evaluation of the prediction model performance

A score chart can be applied to calculate a person’s

overall risk score, summarizing the weight of specific

risk factors. First, a researcher applied a multivariate

Cox proportional hazards model to establish a parsimo-

nious model to predict the risk of ASCVD. This model

was comprised of several significant predictors, includ-

ing age, gender and significant lifestyle factors and clini-

cal disease status. The researcher then constructed a

categorization point system according to the concise

model,
19

and the predictive performance of the model

was evaluated against available models in the literature.

1.2.3. Major risk assessment models for ASCVD globally

and in Taiwan

The Pooled Cohort Equation (PCE) model,
20

Systemic

COronary Risk Evaluation (SCORE) algorithm,
21

and Fra-

mingham Heart Study Risk Score
22

have been applied to

assess the risk of ASCVD in the USA, Europe, and glo-

bally. The PCE modelis currently recommended by the

2019 American College of Cardiology (ACC)/American

Heart Association (AHA) guidelines on the primary pre-

vention of CVD.
23

The SCORE 2 algorithm was adopted in

the 2021 European Society of Cardiology (ESC) guide-

lines on CVD prevention in clinical practice.
24

However,

due to ethnic differences in ASCVD risk, the risk assess-

ment models developed and adopted in Caucasians can-
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Figure 3. A slogan for the primordial and primary prevention of ASCVD.

ASCVD, atherosclerotic cardiovascular disease.



not precisely predict the overall ASCVD risks in Asians
25

and Chinese,
26

although validation of the Framingham

General Cardiovascular Risk Score and PCE showed good

calibration and modest discrimination in a recent pro-

spective cohort study in Taiwan, except for PCE in fe-

males.
27

Therefore, various prediction models have been

developed in specific countries. In Taiwan, there are two

major risk assessment models: 1) a point-based Taiwan

Chin-Shan Community Cardiovascular Cohort (TwCCCC)

prediction model for CAD (Table 4)
26

and stroke,
28

and 2)

a coefficient-based major cardiovascular event (CAD and

stroke) prediction model derived from national survey

data linked with national insurance records for valida-

tion (Table 5).
29

The risk estimators in the TwCCCC prediction model

were derived from a community based TwCCCC cohort

study, comprising 3,430 adults aged 35 years old and

above without pre-existing ASCVD, conducted in North-

ern Taiwan in the 1990s. The risk estimators for predict-

ing CAD risk include age, sex, body mass index (BMI),

systolic blood pressure (SBP), serum levels of low-den-

sity lipoprotein cholesterol (LDL-C) and high-density li-

poprotein cholesterol (HDL-C). However, the risk estima-

tors for predicting stroke risk include age, sex, SBP, dia-

stolic blood pressure (DBP), family history of stroke, atrial

fibrillation, and DM. The TwCCCC risk prediction models

for CAD and stroke were externally validated.
26,28

Based

on this model, a 10-year risk of future CAD is calculated

and categorized into those at low (1-14 points; < 3%/10

years), borderline (15-17 points; 3-7%/10 years), inter-

mediate (18-19 points; > 7%-10%/10 years), and high

(20-24 points; > 10%/10 years) risk.
26

A web-based cal-

culator has been established and is available at http://

140.112.117.151/klchien/.
26

Furthermore, a 15-year risk

of future stroke is categorized into those at lowest (1-3

points; < 1%/15 years), low (4-8 points; 1-4.9%/15 years),

medium (9-12 points; 5-20%/15 years), and high (� 13

points; > 20%/15 years) risk. Therefore, the 2023 TSOC

CCS guidelines recommended the TwCCCC prediction mo-

del for risk assessment in the primary prevention of CCS.
7

The coefficient-based prediction model constructed

by Chang et al.
29

was derived from a nationwide survey,

the 1993-1996 Nutrition and Health Survey in Taiwan,

comprising 3,310 adults (1,658 men and 1,652 women)

aged between 35-70 years without disease at baseline.

The model was externally validated using Taiwanese

Survey on Hypertension, Hyperglycemia, and Hyperlipi-

demia data linked to TNHIRD.
29

The risk estimators in-

clude age, SBP, plasma or serum levels of glucose, trigly-

ceride (TG), HDL-C, LDL-C, uric acid, total cholesterol
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(TC)/HDL-C ratio, waist-hip ratio, waist circumference,

and duration of tobacco smoking, DM or hypertension.

The variables included are different in the models for

each disease by sex.
29

The predictive performance has

been shown to be good compared to previous predic-

tion models.
26,28

In addition, the samples in this model

were selected using a probability sampling scheme and

covered the entire population of Taiwan, implying that it

is more representative.
29

Furthermore, a web-based cal-

culator for this model is currently available (https://

cdrc.hpa.gov.tw/index.jsp).

1.2.4. Some issues in further developments

Novel biomarkers, such as genomic information us-

ing the polygenic risk score,
30

and subclinical disease

status such as coronary artery calcification,
31

can be in-

corporated into the risk assessment tools to improve risk

stratification. In addition, some artificial intelligence-

based technologies using machine learning and deep

learning have been implemented in risk assessment

from big data.
32

In addition to clinically related informa-

tion, geographic area, air pollutants, neighborhood, so-

cioeconomic status and psychosocial factors have also

been implemented in risk assessment.
33

Besides, risk as-

sessment is not a one-time event, but rather a continu-

ous process that should be revisited periodically to mon-

itor changes in risk and adjust preventive strategies ac-

cordingly. Moreover, in Taiwan, the Aboriginal popula-

tion and new incomers have a high ASCVD burden. The-

refore, specific populations should be taken into consid-

eration for risk assessment. However, evidence regard-

ing these issues is not strong enough to make recom-

mendations for clinical practice and incorporate these

factors into current guidelines.
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Table 4. The point-based TwCCCC risk prediction model for CAD (adapted from Chien KL, et al.
26

and Ueng KC, et al.
7

with permission)

Risk factor Category Points Total point Estimated risk

Age 35-39 0 3 0.001

40-44 1 4 0.001

45-49 2 5 0.002

50-54 3 6 0.003

55-59 4 7 0.003

60-64 5 8 0.005

65-69 6 9 0.006

70-74 7 10 0.008

� 75 8 11 0.011

Sex Men 3 12 0.014

Women 0 13 0.019

BMI < 22 0 14 0.025

22-25.9 1 15 0.033

� 26 2 16 0.044

SBP < 110 0 17 0.058

110-129 1 18 0.076

130-149 2 19 0.099

150-159 3 20 0.129

� 160 4 21 0.168

22 0.216

LDL < 90 0 23 0.276

90-149 1 24 0.349

� 150 2

HDL < 30 5

30-39 4

40-59 3

60-69 2

70-79 1

� 80 0

An on-line TwCCCC risk calculator is available at website

(http://140.112.117.151/klchien/).

BMI, body mass index; CAD, coronary artery disease; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; SBP,

systolic blood pressure; TwCCCC, Taiwan Chin-Shan

Community Cardiovascular Cohort.



In conclusion, the results of a risk assessment can

inform the development of personalized preventive st-

rategies, such as lifestyle changes, medical treatments,

and monitoring for early signs of ASCVD.

Key Recommendations

� After the age of 35 years, it is reasonable to assess tra-

ditional ASCVD risk factors (COR IIa, LOE A).

� For adults aged 35 to 75 years without established

ASCVD, clinicians should consider assessing traditional

risk factors and calculate the 10-year or 15-year risk of

CAD or stroke by using the TwCCCC risk chartor the

coefficient-based risk prediction model constructed

by Chang et al. (COR IIa, LOE B).

2. IMPACT OF RISK FACTORS/CLINICAL

CONDITIONS AND PREVENTIVE STRATEGIES

FOR MODIFIABLE RISK FACTORS/CLINICAL

CONDITIONS

Currently, the well-documented risk factors for ASCVD

include hypertension, DM, hypercholesterolemia, ciga-

rette smoking, obesity, age, family history, and gender.

2.1. DM

2.1.1. Prevalence and incidence of DM

The prevalence of DM in Taiwan continues to increase.

From 2005 to 2014, the total population with DM in-

creased by 66%, and the age-standardized prevalence in

adults aged 20-79 years increased by 41%.
34

The preva-

lence of DM was generally higher in men; however, the

prevalence was higher in women aged � 65 years.
34

The

prevalence of DM was approximately 50% in those aged

> 80 years.
34

In the 10
th

edition of the International Dia-

betes Federation Diabetes Atlas, the age-adjusted com-

parative prevalence of DM, impaired glucose tolerance

and impaired fasting glucose were 9.7%, 11.5%, and

4.5%, respectively, in Taiwanese aged 20-79 years in

2021.
35

The age-adjusted prevalence of DM is expected

to increase to 11.5% in 2030 and 12.6% in 2045 in Tai-

wan.
35

The incidence also increased by 19% from 0.621%

to 0.741% between 2005 and 2014, and this increase

was most obvious in patients aged 20-39 years.
34

The

higher incidence of DM in men is consistent with the

pandemic of overweight and obesity in men in Taiwan.
34

2.1.2. Impact of diabetes on the development of ASCVD

Patients with type 2 DM and impaired glucose toler-

ance tend to have advanced CAD and systemic athero-

sclerosis. The pathophysiology of hyperglycemic vascu-

lar disease is complex, and includes endothelial dysfunc-
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Table 5. The Chang’s et al. risk prediction model (from Chang

HY, et al.)
29

Disease

Men MACE CHD Stroke

Incidence 13.77/1000 7.14/1000 9.53/1000

Variable Coefficient Coefficient Coefficient

Age (years) 7.2782 8.3007 8.9606

SBP (mmHg) 0.0257 - 0.0231

Glucose (mg/dL) - 0.0050

Triglycerides (mg/dL) - 0.0013

HDL -0.0039- -

LDL -0.0081-

Uric acid (mg/dL) 0.0214 - 0.0603

Cholesterol/HDL -

Waist-hip ratio -

Waist (cm) 0.0163

Smoke (yes) -

Diabetes (yes) -

Hypertension (yes) 0.6715

C statistic 0.76 0.73 0.80

Women MACE CHD Stroke

Incidence 7.76/1000 4.63/1000 6.98/1000

Variable Coefficient Coefficient Coefficient

Age (years) 6.8833 9.3891 4.3538

SBP (mmHg) 0.0128 0.0015 0.0138

Glucose (mg/dL)

Triglycerides (mg/dL) 0.0001

HDL

LDL

Uric acid (mg/dL)

CHOL/HDL 0.3054 0.3581

Waist-hip ratio 3.9712

Waist (cm) 0.0257 0.0425

Smoke (yes) 0.1923 0.7821

Diabetes (yes) 0.5348

Hypertension (yes) 0.5572

C statistic 0.7 0.8 0.7529

An on-line risk calculator is available at website

(https://cdrc.hpa.gov.tw/index.jsp).

CHD, coronary heart disease; CHOL, cholesterol; HDL, high-

density lipoprotein; LDL, low-density lipoprotein; MACE, major

adverse cardiovascular events; SBP, systolic blood pressure.



tion, inflammation and thrombosis.
36

Studies have also

suggested that type 2 DM and impaired glucose tolerance

are significant causes of coronary plaque progression

and affect plaque vulnerability.
37

Furthermore, patients

with hyperglycemia also have additional risk factors which

can promote atherosclerosis including obesity, dyslipi-

demia, hypertension, and insulin resistance.

2.1.3. Role of diabetes in cardiovascular risk

There is a close relationship between abnormal glu-

cose tolerance/type 2 DM and CVD. An updated meta-

analysis of 10,069,955 individuals showed that predia-

betes was associated with an increased 13% risk of all-

cause mortality, 15% risk of composite CVD, 16% risk of

CAD, and 14% risk of stroke in a median follow-up dura-

tion of 9.8 years.
38

Patients with DM are at a 2-fold in-

creased risk of CVD compared to non-diabetic individu-

als.
39,40

Diabetic patients without any history of MI have

an equivalent risk of a future acute coronary event as

non-diabetic individuals with a prior history of MI, i.e., a

“coronary risk equivalent”.
41

In the Multiple Risk Factor

Intervention Trial, men who reported taking medications

for diabetes were three times as likely to develop a

stroke.
42

Epidemiological studies have also identified a

2- to 4-fold higher incidence of PAD in patients with dia-

betes.
36

Although DM is a major cardiovascular risk fac-

tor, most epidemiological studies have revealed a para-

doxically inverse relationship between DM and the inci-

dence, growth rate, and rupture risk of an aortic aneu-

rysm.
43

Mechanisms of action underlying the negative

relationship have been reported, involving a number of

biological pathways and glucose-lowering agents.
44

Ne-

vertheless, clinicians should always keep in mind that

the surgical risk of an aortic aneurysm remains higher in

patients with DM than in those without.
43

2.1.4. Strategies to prevent the occurrence of DM

Screening and appropriate management of predia-

betes might contribute to primary and secondary pre-

vention of CVD.
45

It is suggested to monitor for the de-

velopment of type 2 DM in those with prediabetes at

least annually.
45

Several major RCTs, including the Da

Qing Diabetes Prevention Study, the Diabetes Preven-

tion Program trial and the Finnish Diabetes Prevention

Study, have shown that lifestyle modifications and be-

havioral interventions can prevent or delay the onset of

type 2 DM.
46-48

Based on findings from the Diabetes Pre-

vention Program trial, metformin can be recommended

as a diabetes prevention medication option for high-risk

individuals, such as those with a BMI � 35 kg/m
2
, in

younger participants aged 25-44 years, or individuals

with a history of gestational diabetes.
45,46

However, offi-

cial labeling of metformin in Taiwan is not indicated for

the prevention of DM. Glucagon-like peptide-1 receptor

agonists, �-glucosidase inhibitors, thiazolidinediones, in-

sulin, angiotensin-converting enzyme inhibitors and an-

giotensin receptor blockers have also been shown to

lower the incidence of diabetes in specific populations,

however long-term data are lacking and the cost-effec-

tiveness is unclear.
45

Key Recommendations

� Regular monitoring for the development of type 2 DM

in those with prediabetes annually is recommended

(COR I, LOE C).

� Lifestyle modifications to prevent or delay the onset

of type 2 DM is recommended (COR I, LOE A).

2.2. Hypertension

2.2.1. Prevalence and incidence of hypertension

The prevalence and incidence of hypertension vary

according to the definition of hypertension. According

to analysis of national statistics in Taiwan in 2018 using

140/90 mmHg as the cutoff for hypertension, the preva-

lence, awareness and treatment rates of hypertension

were 24.1%, 72.8%, and 57.2%, respectively.
49

However,

the age- and sex-standardized median of the relative in-

crease in the rate of hypertension with a change in th-

resholds from � 140/� 90 to � 130/� 80 mmHg was re-

ported to be 72.3% globally.
50

When 130/80 mmHg was

used as the threshold, 52% of females and 60.7% of

males were classified as having hypertension according

to an international registry, the May Measurement Month

initiative conducted by the International Society of Hy-

pertension between 2017-2019.
50

The lifetime risk of hav-

ing hypertension is approximately 90%.
51,52

2.2.2. Impact of hypertension on the development of

ASCVD and cardiovascular risk

High BP is the most important risk factor for global

disease burden, especially ASCVD.
52-54

In 2017, high BP
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was the leading risk factor globally, accounting for 10.4

million deaths.
53

The largest numbers of SBP-related

deaths are caused by CAD (4.9 million), hemorrhagic

stroke (2.0 million), and ischemic stroke (1.5 million),
54

and approximately 47% of cases of CAD and 54% of

stroke are attributable to high BP worldwide.
52,55

In ad-

dition, every 10 mmHg increase in SBP has been associ-

ated with a 45% higher risk of CAD and approximately

65% higher risk of stroke in individuals aged 55-64

years.
56-58

Large-scale epidemiological studies have de-

monstrated a strong connection between eventual car-

diovascular events and BP levels even as low as 90/60

mmHg.
59,60

Many epidemiological studies and pharma-

cological intervention trials have shown that lowering

BP can lower the risk of cardiovascular events and mor-

tality.
59,61

Hypertension is one of the major risk factors

for PAD
16

and abdominal aortic aneurysm.
62

Taken to-

gether, hypertension is always included in the risk as-

sessment of ASCVD.

2.2.3. Strategies to prevent the occurrence of

hypertension

A healthy lifestyle and diet pattern is strongly ad-

vised for the general population since it can effectively

modify and avoid cardiovascular risk factors such as hy-

pertension.
63-65

Healthy diet pattern and exercise are es-

pecially effective in the prevention of hypertension in

prehypertensive individuals.
66,67

Furthermore, the risk

of elevated BP has been strongly associated with pediat-

ric obesity in elementary and high school students both

in Taiwan and Japan.
68,69

Therefore, it is essential to edu-

cate young people to be aware of their health status

and learn about healthy lifestyles beginning in child-

hood to modify this factor for the lifetime prevention of

hypertension.
69

Furthermore, it may be advisable to have a validated

BP monitor at home for measuring BP, not only for indi-

viduals with high BP, hypertension, or who are taking me-

dication, but also for those who are over the age of 40.

Key Recommendations

� Individuals with high BP, hypertension, or who are

currently on medication to lower BP, as well as those

who are 40 years old or older, should consider using a

validated BP monitor at home to measure their BP

(COR IIa, LOE B).

� People with high BP should live a healthier lifestyle to

reduce their lifetime BP burden (COR I, LOE A).

2.3. Dyslipidemia

2.3.1. Prevalence and incidence of dyslipidemia

According to a report of the Nutrition and Health

Surveys 2017-2020 in Taiwan, the prevalence rate of

dyslipidemia was 34.4% in male and 25.5% in female

adults (� 19 years old), which were higher than that

(22.9% and 18.0%, respectively) in the first surveys con-

ducted between 1993-1996.
70

The definition of dyslipi-

demia used in these surveys was TC � 240 mg/dL, TG �

200 mg/dL, LDL-C � 160 mg/dL, or receiving lipid-lower-

ing treatment.

2.3.2. Impact of dyslipidemia on the development of

ASCVD

LDL-C and other apolipoprotein B (apoB)-rich lipo-

proteins, including very low-density lipoprotein, their

remnants, and lipoprotein(a) (Lp(a)), efficiently enter and

accumulate in the arterial intima at sites of predilection

for plaque formation to initiate the development and

progression of ASCVD.
71

When the plasma LDL-C con-

centration is above the physiological level (20-40 mg/

dL), the probability of intimal retention of LDL leading to

the initiation and progression of atherosclerotic plaque

increases in a dose-dependent manner.
71,72

2.3.3. Role of dyslipidemia in cardiovascular risk

Evidence regarding the association of LDL-C levels

and ASCVD risk is strongly based on observations from

inherited disorders of lipid metabolism, prospective epi-

demiologic studies, Mendelian randomization studies,

and RCTs of interventions.
71

Therefore, LDL-C is consid-

ered as a causal factor for ASCVD and is traditionally in-

cluded in risk assessment.

The effect of accumulative exposure to LDL-C has at-

tracted increasing attention recently. This effect refers

to the association of the cumulative amount of LDL-C

exposure over time and the development of atheroscle-

rosis.
71

A recent study proposed a statistical model esti-

mating the effect of accumulative exposure to LDL-C by

calculating the area under the curve derived from the

product of an individual’s LDL-C levels and time.
73

The

results from this study highlighted that cumulative LDL-
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C exposure before the age of 40, as assessed by the area

under the curve for the 18- to 40-year-old period, was

significantly associated with the future risk of ASCVD. In

addition, the same area accumulated earlier in life, com-

pared with later in life, conferred a higher risk of ASCVD.

Similar outcomes were also observed in Japanese pa-

tients with familial hypercholesterolemia (FH),
74

in which

the effect of accumulative exposure to LDL-C was signifi-

cantly associated with ASCVD events independently of

other traditional risk factors, including age, male sex,

hypertension, diabetes, smoking, and serum LDL-C levels.

Severe hypercholesterolemia, defined as serum LDL-

C � 190 mg/dL, is a complex disorder that may result

from a combination of genetic and environmental fac-

tors. Severe hypercholesterolemia has been associated

with a 5-fold higher risk of developing ASCVD and a 10-

20-year acceleration in ASCVD progression in males and

20-30 years in females when compared to the general

population with normal LDL-C levels.
75

It is worth noting

that about 7.2% of patients with LDL-C � 190 mg/dL

meet the diagnosis of FH,
76

which is an inherited genetic

disorder caused by mutations in genes encoding the LDL

receptor, apoB, or proprotein convertase subtilisin/kexin

type 9.
77

The association and causal effects of serum TG le-

vels and the risk of ASCVD are supported by observation

from epidemiological and Mendelian randomization stu-

dies;
78

however, the relationships are further compli-

cated by interindividual heterogeneity in the fate of TG-

rich lipoproteins due to variability in the function of key

enzymes.
79

Furthermore, few RCTs have clearly demon-

strated a specific effect of TG-targeting therapy on

ASCVD risk, especially when statins have already been

used.
79

Finally, the correlation of TG levels and ASCVD

risk in epidemiological studies has been attenuated or

even lost after adjusting for non-HDL-C or apoB.
78

The-

refore, ASCVD risk is probably determined by the athe-

rogenic component of TG-rich lipoproteins, such as apoB,

rather than TG per se.
78,79

Collectively, the current ACC/

AHA guidelines have recommended that persistently ele-

vated TG � 175 mg/dL is considered as a risk-enhancing

factor.
80

Although an inverse relationship between serum

HDL-C concentrations and ASCVD risk has been found in

population studies,
81,82

evidence from genetic studies and

Mendelian randomized trials has questioned whether

the inverse association is causal.
82

HDL-C can be athero-

genic.
81

Furthermore, RCTs regarding HDL-elevating the-

rapy have mostly failed to demonstrate the expected

outcome.
81,82

With regards to the effect of HDL-C on

ASCVD, the focus of recent research has shifted to the

function of HDL particles, especially in the context of

macrophage cholesterol efflux, from serum HDL-C levels

alone.
81

Nevertheless, the concentration of HDL-C re-

mains a useful tool in the risk stratification of ASCVD.

In the context of primary prevention, other emerg-

ing lipoprotein biomarkers have been proposed when

assessing an individual’s risk of ASCVD, including Lp(a),

apoB, and remnant cholesterol. Lp(a) is a lipoprotein sub-

class which contains an additional protein called apoli-

poprotein(a), and it is of emerging importance in athe-

rosclerosis formation. Multiple studies have confirmed

the association between elevated levels of Lp(a) and the

risk of ASCVD.
83-85

There may be a myriad of mechanisms

by which Lp(a) contributes to ASCVD, including proathe-

rogenic, proinflammatory, and prothrombotic pathways.
85

In addition, Lp(a) also potentiates vascular inflammation

through its content of oxidized phospholipids, and inter-

rupts antifibrinolytic effects by inhibiting plasminogen.

The current ACC/AHA guidelines have identified that

Lp(a) � 50 mg/dL is a risk-enhancing factor for ASCVD.
80

ApoB is the primary protein constituent of athero-

genic lipoproteins, including chylomicrons, LDL, inter-

mediate-density lipoprotein, and very low-density lipo-

protein particles. Its unique one-to-one ratio with each

lipoprotein particle makes it a direct biomarker of the

amount of circulating atherogenic lipoproteins. Further-

more, a robust correlation has been observed between

apoB and non-HDL-C, suggesting that apoB and non-

HDL-C are potentially better predictors of ASCVD than

LDL-C.
86-88

Currently, the serum levels of apoB � 130

mg/dL and non-HDL-C 190-219 mg/dL are both consid-

ered as risk-enhancing factors of ASCVD by the ACC/AHA

guidelines.
80

Remnant cholesterol, which can be simply calculated

as TC minus HDL-C and LDL-C, is an emerging biomarker

for assessing the risk of ASCVD. It represents cholesterol

in chylomicrons, very low-density lipoprotein, and inter-

mediate-density lipoprotein, and is formed during the

process of TG-rich lipoprotein metabolism.
89

In a post-

hoc analysis of a large RCT, it was found that remnant

cholesterol levels were an independent risk factor for
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ASCVD in high-risk patients, with a better predictive

power than LDL-C levels.
90

These findings suggest that

measuring remnant cholesterol levels in addition to LDL-C

and HDL-C may provide additional value to the evalua-

tion of ASCVD risk. However, current evidence focusing

on this topic and the optimal serum levels of remnant

cholesterol are still limited, and further research is re-

quired before it can be used clinically.

2.3.4. Strategies to prevent the occurrence of

dyslipidemia

Genetic variants partially account for the occur-

rence of dyslipidemia. Secondary causes of hypertrigly-

ceridemia include diet with high positive energy-intake

balance and high fat or high glycemic index, increased

alcohol consumption, obesity, MetS, insulin resistance,

type 2 DM, hypothyroidism, renal disease, and some me-

dications, etc.
78

Various clinical conditions such as obe-

sity,
91

DM,
92

and CKD
93

are frequently associated with

variable types of dyslipidemia, and strategies to modify

relevant risk factors and avoid the occurrence of these

clinical conditions can also reduce the risk of dyslipi-

demia.

Patients with genetically confirmed FH have a signi-

ficantly higher risk of ASCVD compared to individuals

with LDL-C � 190 mg/dL but no identified genetic muta-

tion.
94

Therefore, it is advisable to raise clinical suspi-

cion and conduct comprehensive family screening with

genetic testing among patients with LDL-C � 190 mg/dL,

especially in those who have typical characteristics of

tendinous xanthoma, corneal arcus, and family history of

premature ASCVD.

Key Recommendations

� For the primary prevention of ASCVD in individuals

with dyslipidemia, risk stratification according to co-

morbidities and other risk factors is necessary (COR I,

LOE B).

� ApoB and non-HDL-C can be used to predict the risk of

ASCVD (COR IIa, LOE B).

� For the primary prevention of ASCVD, persistently ele-

vated TG � 175 mg/dL, Lp(a) � 50 mg/dL, apoB � 130

mg/dL, and non-HDL-C 190-219 mg/dL are respectively

recognized as risk-enhancing factors, and the initia-

tion of specific lipid-lowering therapy should be con-

sidered (COR IIa, LOE B).

2.4. Tobacco smoking

2.4.1. Prevalence and incidence of tobacco smoking

According to the Adult Smoking Behavior Survey re-

ported by the Taiwan Health Promotion Administration

in 2023, the prevalence of smoking among people aged

over 18 years was 21.9% in 2008 but it decreased to

14.0% in 2022. Of these people, 24.4% were male and

3.7% were female with a peak age ranging from 40-49

years.
95

However, the prevalence of secondhand smoke

exposure at home increased from 27.2% in 2008 to 28.9%

in 2022. Of note, the prevalence of e-cigarette smoking

among people aged over 18 years was 0.6% in 2018 but

it increased to 1.4% in 2022. The main age of people con-

suming e-cigarettes was younger than 40 years.

2.4.2. Impact of tobacco smoking on the development of

ASCVD

Smoking induces ASCVD via endothelial dysfunction,

atherosclerosis, stimulation of inflammatory cytokines

and activated prothrombotic state. These factors are

mediated through three principal constituents: nicotine,

carbon monoxide, and oxidant gases.
96

In the brain, ni-

cotine binds to �4�2 nicotinic cholinergic receptors and

acts as a sympathomimetic agent. This stimulates the re-

lease of catecholamines, resulting in tachycardia, hyper-

tension and myocardial stress, which induce the imba-

lance of myocardial work and oxygen demand.
97

Carbon

monoxide can cause relative hypoxemia that precipitates

ischemic events. The high levels of nitrogen oxides and

free radicals in cigarette smoke induce inflammation,

decrease the cellular production of nitric oxide, cause

dysfunction of the endothelial system, and activate pro-

thrombotic state and lipid oxidation, which are associ-

ated with the pathogenesis of ASCVD.

Even though e-cigarettes have previously been con-

sidered to be less harmful than smoking combustible to-

bacco products in the short term, their long-term safety

is uncertain due to other constituent chemicals, that is,

nicotine, propylene glycol, and glycerin.
98

Electronic ci-

garette or vaping product use-associated lung injury is

a described organizing pneumonia in patients with the

past 90 days of vaping history.
99

Su et al. found that ve-

getable glycerin enhances neutrophil chemotaxis and

fibrosis and amplifies the inflammatory response associ-

ated with lipopolysaccharide-induced lung injury by en-
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hancing p38 MAPK activity.
100

Secondhand smoke is the combination of smoke

from the burning end of a cigarette and smoke breathed

out by smokers. Secondhand smoke contains more than

7,000 chemicals and causes almost 34,000 premature

deaths from heart disease every year in the United

States.
101

2.4.3. Role of tobacco smoking in cardiovascular risk

Based on the previous epidemiology, tobacco use is

a major health concern worldwide, and it is responsible

for over 6 million deaths annually — almost 12% of all

deaths.
102

Tobacco-attributable mortality accounts for

10% to 30% of all deaths from ASCVD based on the Glo-

bal Report of the World Health Organization.
101

In the

United States, almost a third of all deaths associated

with smoking are related to ASCVD.
103

According to the

2019 report of the Taiwan Health Promotion Administra-

tion, nearly 25,000 people die of smoking-related heart

disease every year in Taiwan, with 1 person dying of

smoking-induced harm every 20 min.
104

Smoking has been

shown to increase the risk of CAD [hazard ratio (HR):

3.2-3.5], CVD (HR: 1.7-3.2), PAD, and abdominal aortic

aneurysm.
105

The sex-specific relative risk of smoking

mortality in Taiwan is the same as that in international

reports. Mortality from all causes and CVD is signifi-

cantly higher in women than in men.
106

Observational

epidemiological research and clinical studies have pro-

vided evidence of a non-linear dose effect of exposure

to cigarette smoke on ASCVD.
107,108

In the INTERHEART

study,
109

the odds of MI were 9-fold higher in those who

smoked over 40 cigarettes per day [HR: 9.16, 95% confi-

dence interval (CI): 6.79-12.36] than in never smokers,

and the risk increased by 5.6% for every additional ciga-

rette smoked. The influence of smoking on younger indi-

viduals (HR: 3.53, 95% CI: 3.23-3.86) was higher when

compared to older individuals (HR: 2.55, 95% CI: 2.35-

2.76; p < 0.0001 for interaction).

The INTERHEART study found that secondhand smoke

was associated with a graded increase in exposure-re-

lated AMI risk; the HR was 1.24 (1.17-1.32) in individuals

with a lower exposure (1-7 h per week) and 1.62 (1.45-

1.81) in those with higher exposure (> 21 h per week).
109

A systematic review and meta-analysis
110

reported that

pooled relative risks for never smokers exposed to sec-

ondhand smoke compared with those unexposed were

1.23 (95% CI: 1.16-1.31) for CVD and 1.18 (95% CI: 1.10-

1.27) for all-cause mortality.

In the American Health eHeart Study regarding ciga-

rette and e-cigarette users,
111

dual users had a higher

risk of CAD than single cigarette users due to the two

different sources of poison. In the National Health Inter-

view Surveys of 2014 (n = 36,697) and 2016 (n = 33,028),
112

daily e-cigarette use was independently associated with

an increased odds of MI (HR: 1.79, 95% CI: 1.20-2.66), as

was daily conventional cigarette smoking (HR: 2.72, 95%

CI: 2.29-3.24).

Heat-not-burn tobacco is heated with an electric blade

at 350 �C, lower than a conventional cigarette (684 �C).

Volatile organic compounds, polycyclic aromatic hydro-

carbons, and carbon monoxide are present in heat-not-

burn tobacco. Additionally, heat-not-burn tobacco has

84% of the nicotine found in conventional cigarette

smoke.
113

In a systematic review,
114

heat-not-burn tobacco

exposed users and bystanders to potentially harmful to-

xicants, although at substantially lower levels than ciga-

rettes.

Waterpipe smoking or hookah is an emerging trend

in the United States, especially among youths.
115

Water-

pipe smoking affects heart rate, BP regulation, barore-

flex sensitivity, tissue oxygenation, and vascular func-

tion over the short term. Long-term water pipe use is as-

sociated with an increased risk of CAD due to several

harmful or potentially harmful substances.
116

2.4.4. Strategies to avoid cigarette smoking in

non-smokers and secondhand smoke exposure

Several guidelines state that all patients should avoid

secondhand smoke exposure to reduce ASCVD risk as

primary prevention.
7,23

Laws regarding tobacco hazard

prevention including avoiding cigarette smoke and sec-

ondhand smoke for non-smokers based on national ad-

ministration policy would be useful. Robust evidence sup-

ports many measures to avoid cigarette smoking and

secondhand smoke exposure, and they can be included

in such laws to enhance the prohibition/restriction power

via government authorities. This can include standard-

ized packs with larger health warnings,
117

targeted mass

media interventions promoting healthy behaviors,
118

le-

gislative smoking bans to reduce harm from secondhand

smoke exposure and smoking prevalence,
119

and tobacco

taxation to reduce the initiation of tobacco smoking.
120
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The recently updated Taiwan Tobacco Hazards Preven-

tion Act has implemented a complete ban on e-cigarette

and strict control of heat-not-burn tobacco products.
104,121

After the introduction of the first version of the Taiwan

Tobacco Hazards Prevention Act in 1997 and following

revisions, the prevalence of smoking among people aged

over 18 years declined from 29.2% in 1996 to 14.0% in

2022.
95

Key Recommendations

� All adults are recommended to be assessed at every

healthcare visit for tobacco use, and their tobacco use

status should be recorded as a vital sign for ASCVD risk

assessment and facilitating smoking cessation (COR I,

LOE A).

� To reduce the risk of ASCVD, all adults and adoles-

cents are advised to avoid exposure to secondhand

smoke (COR III, LOE B).

� Legislative bans and measures to avoid cigarette smok-

ing and secondhand smoke exposure are recommended

to enhance the prohibition/restriction power via go-

vernment authorities (COR I, LOE B).

2.5. Obesity

The National Health Promotion Administration of

Taiwan has been utilizing specific diagnostic cut points

for overweight and obesity since 2013, considering the

degree of comorbidity, overall mortality rate, and public

health epidemic screening. These cut points are based

on BMI measurements, with a BMI of � 24 kg/m
2

being

considered overweight, and a BMI of � 27 kg/m
2

indicat-

ing obesity.
122

This approach ensures a standardized and

consistent method for identifying individuals who fall

within these weight categories, allowing for effective

monitoring and intervention strategies to promote bet-

ter health outcomes. In addition, the Ministry of Health

and Welfare has recommended using waist circumfer-

ence measurements as another indicator for obesity and

as one of the diagnostic criteria for MetS. According to

these guidelines, a waist circumference above 90 cm for

men and 80 cm for women is considered indicative of

obesity. However, there is currently no definitive con-

sensus on whether to employ waist-hip ratio or percent-

age of body fat as alternative diagnostic criteria. Table 6

presents the established cutoff point standards for over-

weight and obesity.

2.5.1. Prevalence and incidence of obesity

Over the past 3 decades, the prevalence of obesity

has steadily increased throughout the world.
123

Based

on data provided by the World Health Organization, it is

estimated that the global prevalence of overweight, de-

fined as a BMI of � 25 kg/m
2
, was approximately 1.9 bil-

lion people in 2014. This accounted for approximately

39% of the total population, with 39% of females and

38% of males falling into this category. Among the indi-

viduals classified as overweight or obese, around 13%

had a BMI of � 30 kg/m
2
, indicating obesity. The preva-

lence of obesity was higher in women, with 15% classi-

fied as obese, compared to 11% of men. Furthermore,

the statistics revealed that severe obesity, defined as a

BMI of � 40 kg/m
2
, affected approximately 1.6% of wo-

men and 0.64% of men. These figures highlight the sig-

nificant global burden of overweight and obesity, em-

phasizing the need for effective strategies to address

this public health issue.
124

According to the World Obe-

sity Federation, the global adult population affected by

overweight or obesity is projected to increase from 2

billion in 2014 to 2.7 billion by 2025. In Taiwan, data

from the three waves of the Taiwan National Nutrition

and Health Change Survey (conducted during the peri-

ods of 1993-1996, 2005-2008, and 2013-2016) indicate

notable trends in weight categories. The proportion of

individuals with a normal BMI (18.5 � BMI < 24 kg/m
2
)

gradually declined over time, from 58.1% in the first

wave to 51.5% in the second wave, and further decreas-

ing to 49.2% in the third wave. On the other hand, the

prevalence of overweight and obesity (defined as a BMI

of � 24 kg/m
2
) steadily increased, rising from 33.2% in

the first wave to 43.4% in the second wave, and further

reaching 45.9% in the third wave. Within this category,

the prevalence of overweight (defined as a BMI ranging
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Table 6. Classification of body weight according to BMI

BMI
Waist

circumference

Underweight BMI < 18.5 kg/m
2

Normal 18.5 � BMI < 24 kg/m
2

Overweight 24 � BMI < 27 kg/m
2

Mild obesity 27 � BMI < 30 kg/m
2

Moderate obesity 30 � BMI < 35 kg/m
2

Severe obesity BMI � 35 kg/m
2

Men � 90 cm

Women � 80 cm

BMI, body mass index.



from 24 to < 27 kg/m
2
) decreased slightly from 21.5% in

the first wave to 25.5% in the second wave, and then

stabilized at 22.8% in the third wave. In contrast, the

prevalence of obesity (BMI � 27 kg/m
2
) showed a signifi-

cant rise, increasing from 11.8% in the first wave to

17.9% in the second wave, and further to 23.0% in the

third wave. Of particular concern is the substantial in-

crease in severe obesity (BMI � 35 kg/m
2
) over a 20-year

period. The prevalence of severe obesity more than tri-

pled, escalating from 0.4% in the first wave to 0.6% in

the second wave, and ultimately reaching 1.3% in the

third wave. These findings underscore the growing pre-

valence of overweight and obesity, particularly severe

obesity, and highlight the urgent need for effective mea-

sures to address this escalating public health issue.
125,126

2.5.2. Impact of obesity on the development of ASCVD

Obesity is strongly linked to an increased risk of vari-

ous CVDs, including hypertension, diabetes, dyslipidemia,

MetS, and sleep apnea. It is recognized as a major risk

factor for the development of ASCVD, and associated

with other specific cardiovascular conditions such as

atrial fibrillation and heart failure.
127

Findings from the

2013-2016 National Nutrition and Health Survey in Tai-

wan highlighted the association between obesity, cen-

tral obesity in particular, and the development of iso-

lated systolic hypertension, and a strong association be-

tween higher levels of the atherogenic index of plasma

(log TG/HDL-C) and the presence of obesity, indicating

the importance of managing weight and addressing obe-

sity-related factors in the prevention and treatment of

ASCVD.
128,129

Furthermore, the Taiwanese Survey on Hy-

pertension, Hyperglycemia, and Hyperlipidemia study re-

vealed that the metabolically healthy obesity group (BMI

� 24 kg/m
2
) had a significantly higher risk of CVD (ad-

justed HR: 1.74, 95% CI: 1.02-2.99) when compared to

the normal weight group.
130

These findings indicate that

even in the absence of metabolic abnormalities, obesity

itself remains a significant risk factor for CVD. Based on

data of the National Health Interview Survey collected

in 2013, it has been estimated that an 18% reduction in

ASCVD could be achieved if obesity/overweight can be

prevented.
131

2.5.3. Role of obesity in CVD risk assessment

The 2019 ACC/AHA Guidelines on the Primary Pre-

vention of Cardiovascular Disease recommends calculat-

ing BMI on an annual basis or even more frequently for

individuals identified as obese.
23

This emphasizes the

importance of ongoing monitoring of weight status in

order to assess and manage CVD risk. Additionally, the

guidelines suggest that measuring waist circumference

is a reasonable approach to identify individuals who

may be at higher risk of cardiometabolic complications.
23

By incorporating these measurements into routine clini-

cal practice, healthcare professionals can effectively

identify individuals who may require closer monitoring

and appropriate interventions to mitigate their cardio-

vascular risk.
23

It is recommended to conduct screening

for other concomitant risks of ASCVD, including non-al-

coholic fatty liver disease and obstructive sleep apnea

(OSA).
132,133

In obese patients with hypertension and

those with clinically evident CVD, it is recommended to

perform an electrocardiogram to detect left ventricular

hypertrophy. Furthermore, it is crucial to screen for the

occurrence of atrial fibrillation in individuals suspected

of having this condition. In cases where sleep apnea is

suspected, it is recommended to conduct nocturnal poly-

somnography. By incorporating these screening mea-

sures, healthcare providers can effectively identify and

address underlying cardiovascular conditions and asso-

ciated risks in obese patients. This enables appropriate

interventions and management strategies to reduce the

burden of CVD in this population.
134

2.5.4. Strategies to prevent obesity

The pathogenesis of obesity is complex and multi-

factorial, involving energy imbalance, hormone disorders,

genetic diseases, gut microbiota and medications.
135,136

While adopting a population health approach within an

obesogenic environment is crucial to tackle the complex-

ity of obesity, it is equally important to expand the scope

of health services beyond medical treatment to encom-

pass obesity prevention.
137,138

It is of utmost importance

to initiate obesity prevention efforts early, beginning

within the settings of early care and education as well as

schools. Research has shown that interventions target-

ing obesity prevention in these settings yield significant

benefits, with particularly noteworthy effects observed

in children between the ages of 6 and 12 years.
139

Meta-

analyses have consistently demonstrated the positive

impact of school-based interventions and worksite he-
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alth promotion programs on improving physical activity

and/or nutrition, leading to reductions in body weight

and BMI.
140,141

Favorable outcomes regarding reducing

weight have still been found in adults at risk of obesity.
142

Key Recommendations

� Early detection and interventions to effectively miti-

gate the risks associated with ASCVD and obesity-re-

lated co-morbidities are needed (COR I, LOE A).

� It is recommended to calculate BMI at least annually,

or even more frequently, in individuals who are over-

weight or obese. Additionally, measuring waist cir-

cumference is considered a reasonable approach to

identify individuals with MetS, a cluster of risk factors

for ASCVD (COR I, LOE C).

2.6. Hyperuricemia

Hyperuricemia can be defined as: (1) serum uric acid

levels 7.0 mg/dL or higher in males and 6.0 mg/dL or

higher in females; (2) uric acid levels 7.7 mg/dL or higher

in males, 6.6 mg/dL or higher in females; or (3) those al-

ready taking uric acid lowering agents.
70

2.6.1. Prevalence and incidence of hyperuricemia

Hyperuricemia is a common condition with a preva-

lence of 17.4% to 21.2% worldwide.
143,144

According to

the first wave of the Taiwan National Nutrition and He-

alth Change Survey (conducted from 1993-1996), the

prevalence rate of hyperuricemia was approximately

26.1% in male adults and 17.0% in female adults (� 19

years old) by using definition 2 in Taiwan.
145

According

to the report of the Nutrition and Health Surveys 2017-

2020 in Taiwan, the prevalence rate of hyperuricemia

was 17.9% in male and 9.9% in female adults (� 19 years

old),
70

both of which were lower than the first survey

conducted between 1993-1996. The definition of hyper-

uricemia used in the Nutrition and Health Surveys 2017-

2020 was a combination of definitions 2 and 3.

2.6.2. Impact of hyperuricemia on the development of

ASCVD

Hyperuricemia is associated with an increased risk

of developing ASCVD, including mortality (HR: 1.209),

CAD (HR: 1.206),
146

and stroke (HR: 1.47).
147

An analysis

of a health check-up database from Taiwan showed that

hyperuricemia, defined as definition 1, was associated

with an increased risk of CAD (HR: 1.25, 95% CI: 1.11-

1.40 in males and HR: 1.19, 95% CI: 1.02-1.38 in females,

respectively),
148

and it was also associated with an in-

creased risk of total mortality (HR: 1.16) and ischemic

stroke (HR: 1.35).
149

An analysis of the TNHIRD further

demonstrated that gout was associated with an increased

risk of CAD and stroke 3 years after diagnosis.
150

The un-

derlying mechanisms may include endothelial dysfunc-

tion, oxidative stress, and inflammation, among others.

Furthermore, hyperuricemia can also contribute to the

development of cardiovascular risk factors including hy-

pertension,
151

MetS,
152

and CKD,
153

thereby further in-

creasing the risk of ASCVD.

2.6.3. Role of hyperuricemia in ASCVD risk assessment

Hyperuricemia has been associated with the occur-

rence of traditional cardiovascular risk factors such as

hypertension, dyslipidemia, DM, and MetS.
154,155

Fur-

thermore, it was significantly associated with the clus-

tering of cardiovascular risk factors, and a higher 10-

year ASCVD risk score in those with higher quintiles of

serum uric acid levels.
154

In addition, hyperuricemia has

been independently associated with a higher risk of

ASCVD after adjusting for traditional risk factors.
148,149

Therefore, measuring serum uric acid levels can serve as

a valuable means of identifying individuals who may be

at an elevated risk of developing ASCVD.

2.6.4. Strategies to prevent hyperuricemia

In addition to genetic factors and tumor lysis, causes

of hyperuricemia include obesity, increased purine con-

sumption from meat, alcohol, and high fructose corn syrup,

as well as medications such as cyclosporine, low-dose

aspirin, and diuretics.
156,157

While diet may contribute to

hyperuricemia, the direct effect of diet on hyperuricemia

is weak,
158

and genetic contributions and obesity itself

appear to be larger drivers of hyperuricemia in the gen-

eral population.
157

Therefore, weight control and increased

physical activity remain cornerstones among lifestyle

modifications for the prevention of hyperuricemia,
158

whereas limited evidence suggests that avoidance of cer-

tain foods and beverages may decrease the frequency of

gout flares.
157

Key Recommendations

� Measuring serum uric acid levels can serve as a valu-
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able means of identifying individuals who may be at

an elevated risk of developing ASCVD (COR I, LOE C).

� Weight control and increased physical activity remain

cornerstones among lifestyle modifications for the

prevention of hyperuricemia (COR I, LOE C).

2.7. MetS

The Asian-modified definition of MetS is widely

used in Taiwan and is shown as follows: � 3 of the fol-

lowing: waist size � 90 cm in men or � 80 cm in women;

TG � 150 mg/dL or taking a TG-lowering agent; HDL-C <

40 mg/dL in men or < 50 mg/dL in women; SBP � 130

mmHg or DBP � 85 mmHg or taking a BP-lowering agent;

fasting plasma glucose � 100 mg/dL or taking a glucose-

lowering agent.
70,159,160

2.7.1. Prevalence and incidence of MetS

According to the report of the Nutrition and Health

Surveys 2017-2020 in Taiwan, the prevalence rate of

MetS was 39.3% in male and 30.3% in female adults (�

19 years old), which were higher than 9.8% and 13.9%,

respectively, reported in the first surveys conducted be-

tween 1993-1996.
70

The prevalence rate reached a peak

of 59.2% at 65-74 years of age in males, whereas it in-

creased sharply after 45-64 years and reached up to

67.0% in female adults aged � 75 years old.
70

2.7.2. Impact of MetS on the development of ASCVD

Individuals with MetS have 6-, 4- and 3-fold higher

risks of developing DM, hypertension, and hyperlipidemia,

respectively.
160

MetS has been found to be more preva-

lent in non-diabetic patients with CAD than in those

without CAD.
161

An analysis of TwCCCC showed that as

the number of MetS components increased, the HR in-

creased significantly, up to 5.5 (95% CI: 2.2-13.7) for

CAD and 3.5 (95% CI: 1.9-6.5) for stroke.
162

Another co-

hort study in Taiwan revealed that the HR for the risk of

stroke of subjects with 1 to 2 and � 3 MetS components

were 3.16 and 5.15, respectively, according to the 2005

definition from the National Cholesterol Education Pro-

gram Adult Treatment Panel III.
163

A follow-up study of a

Chinese cohort involving 10,292 individuals in Taiwan

showed that MetS with hypertension as a component

was associated with an increased risk of ischemic and

hemorrhagic stroke [adjusted HR: 2.96 (95% CI: 1.94-

4.50) and 2.93 (95% CI: 1.25-6.90), respectively] compared

with those who had neither hypertension nor MetS.
164

2.7.3. Role of MetS in ASCVD risk assessment

Debate on the definition of the diagnosis of MetS has

continued since its introduction.
165,166

Areas of debate in-

clude whether 1) insulin resistance, obesity, or inflamma-

tion is the core mechanism of action; 2) only the cutoff

values of each component should be present rather than

continuous values or the degree of the severity of the

syndrome with multiple cutoff values; 3) to incorporate

all the risk factors known for CVD, such as physical activ-

ity; 4) MetS should be considered a cluster of risk factors

or an additional independent risk factor to assess CVD

risk; and 5) MetS is a better predictor than obesity to pre-

vent CVD.
165,166

Nevertheless, there is no doubt that MetS

is associated with a higher risk of developing traditional

metabolic risk factors as well as ASCVD.
160-164

In addition,

it is considered to be a risk enhancer and is often included

in the risk assessment of ASCVD in lipid guidelines.
6,167

2.7.4. Strategies to prevent MetS

Healthy lifestyle factors such as physical activity and

healthy dietary pattern are associated with a lower risk

of MetS and are recommended as the best strategy to

prevent MetS.
166,168,169

Physical fitness training among

1,720 soldiers was shown to improve the components of

MetS, with running performance proving to be most re-

levant to MetS, in Taiwan.
170

In addition, an RCT involv-

ing 136 metabolically abnormal obese individuals in Tai-

wan showed that a 6-month community-based exercise

intervention program, including providing exercise envi-

ronments, exercise skills and reminding from volunteers,

could significantly improve the components of MetS in-

cluding HDL-C, BMI, waist circumference, BP and fasting

blood glucose levels.
171

The Health Promotion Adminis-

tration in Taiwan provides free checks for the components

of MetS every 3 years for individuals aged � 40 and < 65

years and every year for those aged � 65 years.
172

Key Recommendations

� MetS is considered to be a risk enhancer and should

be included in the risk assessment of ASCVD (COR IIa,

LOE C).

� Healthy lifestyle factors such as physical activity and

healthy dietary pattern are recommended to prevent

MetS (COR I, LOE C).
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2.8. Gender

2.8.1. Sex and gender and their impact on the

development of ASCVD

CVD is the leading cause of death among both men

and women in Taiwan, while the burden is greater for

women than for men, especially with the aging popula-

tion. Compared with men, women are less likely to be

diagnosed appropriately, receive preventive care, or be

treated aggressively for CVD. The current prevention

guidelines recognize the importance of integrating sex,

gender, and gender identity considerations into the risk

assessment and clinical management of individuals and

populations. With these differing risk profiles, risk as-

sessment, risk stratification, and primary preventive mea-

sures for ASCVD are different in women and men.
173

Evi-

dence exists for the risk modifying effects of sex or sex-

specific clinical conditions on socioeconomic status, de-

terminants of health access, healthcare utilization, clini-

cal management strategies, and even therapeutic re-

sponses in the field of CVD and ASCVD prevention.
174-176

Research is ongoing, however gaps in the evidence re-

main. Sex differences between men and women have al-

lowed for the identification of CVD risk factors and risk

markers that are unique to women, including pregnancy-

related cardiovascular health (cardio-obstetrics), pre-

menopausal vs. postmenopausal status, sex hormone-

related issues, cancer-related therapies (cardio-onco-

logy), all of which can facilitate appropriate prevention

strategies and might improve long-term outcomes.

2.8.2. Role of sex and gender in risk assessment

For the primary prevention of ASCVD, risk scores

and models have been developed to improve the ability

to detect atherosclerosis at an earlier stage. In Taiwan,

the TwCCCC risk model revealed that the risk of CVD/

sudden death was higher for men than for women dur-

ing follow-up (HR: 1.9, 95% CI: 1.3-2.9).
177

Another mo-

del built using data from the Nutrition and Health Sur-

vey in Taiwan from 1993-1996 and linked with 10-year

events from the TNHIRD showed that the incidence

rates of major adverse cardiovascular events per 1000

person-years were 13.77 for men and 7.76 for women.
28

Furthermore, the incidence rates of major adverse car-

diovascular events in the Taiwanese Survey on Hyper-

tension, Hyperglycemia, and Hyperlipidemia conducted

in 2002 were 7.27 for men and 3.58 for women.
28

Recent US population estimates from the National

Health and Nutrition Examination Survey found that sig-

nificantly fewer women had high-risk (< 1% vs. 5%) and

intermediate-risk (4% vs. 29%) scores than men, respec-

tively, and that the lifetime risk of developing CVD for

men was higher than for women (approximately 1 in 2

for men and 1 in 3 for women).
25,178-183

Similar trends

have also been noted in Chinese populations.
7,184,185

A

study in Sweden comprising a large, random sample of

the general population aged 50 to 64 years (50.6% wo-

men) without established disease using coronary com-

puted tomography angiography (CCTA), found that silent

coronary atherosclerosis was not uncommon (42.1%),

and that the onset of atherosclerosis was delayed on av-

erage by 10 years in women.
183

Some reports have sug-

gested that women are more likely to develop plaque

erosions with non-calcified plaques, more diffuse le-

sions and multivessel disease, resulting in higher mor-

tality.
186

Some cardiovascular risk factors are unique to wo-

men,
173,187-189

including pregnancy-related conditions

(eclampsia, pre-eclampsia, gestational hypertension or/

diabetes), polycystic ovary syndrome, early menopause,

premature ovarian insufficiency, functional hypothalamic

amenorrhea, failure of fertility therapy, infertility, exo-

genic hormone use, etc. Early and late onset of menar-

che is also associated with an increased risk of CVD, while

breast-feeding has been demonstrated to have a cardio-

protective effect. A history of inflammatory diseases, es-

pecially rheumatoid arthritis and psoriasis,
190

enhances

the risk of ASCVD, and their prevalence is higher in wo-

men. Furthermore, clinical cardio-oncology considerations

specific to women span many areas and are particularly

relevant for the management of patients with sex-spe-

cific cancers, such as breast cancer.
191,192

These factors,

if present, would favor more intensified lifestyle inter-

ventions and consideration of initiating or intensifying

statin therapy for primary prevention to mitigate the in-

creased risk. In patients receiving cardio-toxic agents, it

is recommended to periodically monitor cardiac function

and screen for CVD risk factors.

2.8.2.1. Obstetric and adverse pregnancy

outcome-related conditions

Pre-eclampsia, defined as pregnancy-related hyper-
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tension accompanied by proteinuria, occurs in 1-2% of

all pregnancies and is associated with a 1.5-2.7-fold in-

creased risk of CVD compared with all women,
193,194

while the relative risk of developing hypertension is

3-fold and DM is 2-fold.
193

A retrospective longitudinal

study using the TNHIRD from 1996 to 2010 revealed that

women with a history of pre-eclampsia/eclampsia were

at increased risks of a subsequent diagnosis of DM, dys-

lipidemia, hypertension, congestive heart failure and ce-

rebrovascular disease (HR: 3.84 and 5.42, HR: 2.75 and

3.40, HR: 6.52 and 7.31, HR: 9.07 and 7.39, and HR:

10.71 and 3.47, all p < 0.05).
195

Pregnancy-related hypertension affects 10-15% of

all pregnancies. The associated risk of later CVD is lower

than for preeclampsia, but is still elevated (HR: 1.7-

2.5).
196,197

The risks of sustained or future hypertension

(HR from 2.0 to 7.2 or even higher)
198,199

and developing

DM (HR: 1.6-2.0) are also elevated in these women.
200

Both preterm (HR: 1.6) and still-birth (HR: 1.5) have

been associated with a moderate increase in the risk of

CVD.
196

Gestational diabetes confers a sharply elevated risk

of future DM, with up to 50% of affected women devel-

oping DM within 5 years after pregnancy, and up to a

2-fold increased risk of future CVD.
201

Screening by fast-

ing glucose or HbA1c may be preferable to oral glucose

tolerance testing.
202

Adverse pregnancy outcomes such as hypertensive

disorders of pregnancy, preterm delivery, gestational dia-

betes, small-for-gestational-age delivery, placental ab-

ruption, and pregnancy loss increase a woman’s risk of

developing CVD risk factors and of developing subse-

quent CVD (including fatal and nonfatal CAD, stroke,

PAD, and heart failure).
203,204

This is particularly relevant

for younger women in whom global risk scores are in a

low-risk range. Black and Asian women have a higher

proportion of adverse pregnancy outcomes, with more

severe clinical presentations and worse outcomes than

Caucasian women. This highlights the importance of re-

cognizing adverse pregnancy outcomes when evaluating

the CVD risk in women, especially in Asia.

We stress the importance of eliciting a thorough ob-

stetrical and gynecological history during cardiovascular

risk assessment and providing a health care system frame-

work for how to initiate appropriate preventive mea-

sures, periodic screening for hypertension, DM, and

common cardiovascular risk factors. This can facilitate

the transition of care for women with adverse preg-

nancy outcomes, and the implementation of strategies

to reduce their long-term CVD risk when sex-specific risk

factors are present.
205

2.8.2.2. Non-obstetric conditions

The presence of components of MetS should prompt

clinicians to look for polycystic ovarian syndrome, hor-

mone contraceptive use, and gestational DM.

Polycystic ovary syndrome affects 5% of all women

in their fertile years,
206,207

and it is associated with a 2-

to 4-fold increase in the risk of developing DM. The risk

of developing hypertension may also be increased, how-

ever conflicting data exist.
208

It has been associated with

an increased risk of CVD, probably through common risk

factors, suggesting that periodic screening for cardiovas-

cular risk factors is appropriate.

Premature menopause occurs in approximately 1%

of women under 40 years of age. Up to 10% of women

experience an early menopause, defined as that occur-

ring by 45 years of age.
209

Early menopause is associated

with an increased risk of CVD (HR: 1.5).
210-212

A linear in-

verse relationship between earlier menopause and CAD

risk has been found, whereby each 1-year decrease in age

at menopause is associated with a 2% increased risk of

CAD.
213

Key Recommendations

� In women with a history of preeclampsia and/or preg-

nancy-induced hypertension, periodic screening for

hypertension and DM should be considered (Class IIa,

LOE B).

� In women with a history of polycystic ovary syndrome

or gestational DM, periodic screening for DM should

be considered (Class IIa, LOE B).

� In women with a history of pregnancy-associated con-

ditions and adverse pregnancy outcomes, periodic

screening for CV risk factors may be considered (Class

IIb, LOE B).

2.9. Genetics and family history

Several previous studies have shown that the etio-

logy and mechanisms of ASCVD have a genetic com-

ponent, but these findings are complex,
214

and it is not

currently used in personal and clinical preventive man-
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agement. In the past few years, polygenic risk scoring

has shown some potential to improve ASCVD risk pre-

diction for primary prevention.
215-217

In addition, improv-

ing reporting standards and reproducibility of polygenic

risk scores for risk stratification could open a window for

clinical utility in ASCVD, and may increase the use of ge-

netics in the primary prevention of ASCVD.
218-220

How-

ever, there are some limitations. First, the incremental

prediction accuracy is relatively modest and needs fur-

ther evaluation.
221,222

Second, consensus regarding which

genes and corresponding single nucleotide polymorphisms

should be included is currently lacking. Third, whether

to use risk factor-specific or outcome-specific polygenic

risk scores is under debate.
223

Fourth, most of these stu-

dies were mainly conducted in Caucasian populations

with a large number of individuals. In East Asians, only

one large-scale prospective Chinese cohort study using

41,271 individuals as a validation cohort showed that

polygenic risk scores could stratify individuals into dif-

ferent trajectories of CAD risk, and further refine risk

stratification for CAD within each clinical risk strata.
224

In

South Asians, a validation study with 7,244 individuals

in the UK Biobank also showed that compared to the

middle quintile, the risk of CAD was most pronounced in

those in the top 5% of the polygenic risk score distribu-

tion with odds ratios of 4.16, 2.46, and 3.22 in the South

Asian UK Biobank, Bangladeshi, and Indian studies, re-

spectively. On the other hand, more evidence is also

needed to assess the clinical utility of polygenic risk scores

in other clinical settings, such as in patients with pre-ex-

isting ASCVD.
225

Taken together, the routine use of ge-

netic testing in patients with ASCVD or in healthy indi-

viduals is not recommended, although it could be con-

sidered in select patients with a high risk of CAD or with

a family history of premature CAD or ACS.

A family history of premature CAD is a simple and

traditional risk indicator of ASCVD, with an interplay of

genetic and environmental effects.
24,226

There are vary-

ing definitions of family history.
24

A family history of

CAD is usually defined as the onset of CAD [in males �

(or <) 55 years of age and females � (or <) 65 years of

age] in first degree relatives,
6,227

and a family history of

premature CAD is usually defined as the onset of CAD in

first degree relatives aged < 50 years.
18,227

The predicted

value of family history varies. Some studies have shown

incremental risk prediction of CAD or CAD death in addi-

tion to traditional risk factors,
226,228-230

whereas others

have shown marginal incremental predicted value and

risk reclassification effect on the basis of conventional

and novel CAD risk factors.
231,232

This discrepancy may be

due to the varying definitions of family history applied,
233

and because conventional ASCVD risk factors largely ex-

plain the impact of family history.
24

Key Recommendations

� The routine use of genetic testing in patients with

ASCVD or in healthy individuals is not recommended

(Class III, LOE B).

� Genetic testing may be considered in select patients

with a high risk of ASCVD or with a family history of

premature CAD or ACS (Class IIb, LOE B).

� A family history of CAD or premature CAD may be in-

cluded in the risk assessment of ASCVD (Class IIa, LOE B).

2.10. CKD

2.10.1. Prevalence and incidence of CKD

The current prevalence of CKD worldwide is 11-

13%.
234

Reasons for the high prevalence include popula-

tion aging, DM, and high BP. Because the management

of other chronic diseases such as malignant tumors,

stroke and MI has improved, the mortality rate of these

patients has been reduced. Therefore, in these patients,

the chance of kidney failure has increased. An analysis

of data from the TNHIRD estimated that the national

prevalence of CKD was 11.9%.
235

About 6.9% of people

over the age of 20 years have stage 3-5 CKD, and the

prevalence and incidence of end-stage renal disease in

Taiwan have been the highest globally for years.
236

2.10.2. Impact of CKD on the development of ASCVD

The relationship between CKD and ASCVD is com-

plex and multifactorial. In general, two main mecha-

nisms are thought to contribute to the development of

ASCVD in patients with CKD.
234,237

First, CKD is associ-

ated with several traditional risk factors for ASCVD, in-

cluding hypertension, DM, dyslipidemia, and obesity.

Second, CKD is also associated with non-traditional risk

factors for ASCVD, including chronic inflammation, oxi-

dative stress, endothelial dysfunction, and mineral dis-

orders. In addition to traditional and non-traditional risk

factors, the kidneys can release hormones, enzymes and
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cytokines in response to kidney injury, resulting in char-

acteristic changes in the vasculature.
238

On the other

hand, CKD-related mediators and hemodynamic changes

contribute to heart damage. Patients with CKD are at an

increased risk of developing ASCVD, and the risk increases

as kidney function declines.

2.10.3. Role of CKD in ASCVD risk assessment

Individuals with CKD are at an increased risk of de-

veloping ASCVD and having poor ASCVD outcomes, in-

cluding CAD,
239

stroke,
240,241

PAD,
242,243

and aortic aneu-

rysm.
244,245

Assessing the risk of ASCVD in patients with

CKD is important for identifying those who may benefit

from early interventions to prevent or delay the onset of

ASCVD.
246

Several factors should be taken into account

when assessing the ASCVD risk in patients with CKD, in-

cluding age, gender, BP, lipid levels, smoking status, and

presence of DM.
247

In addition, kidney function itself can

be used as a marker for CVD risk.
239,242,248

A decrease in

estimated glomerular filtration rate (eGFR) and an in-

crease in urine albumin clearance ratio (UACR) are asso-

ciated with an increased risk of ASCVD events. There-

fore, CKD is considered to be a high-risk factor for ASCVD,

and modification of relevant risk factors should be more

aggressive in the context of CKD, even in the primary

prevention of ASCVD.
6,167

The Taiwan Society of Nephro-

logy recommend that eGFR and UACR should be checked

annually to identify CKD in individuals with type 2 DM,

hypertension, older age (> 65 years), and obesity, while

UACR should be checked every year in individuals with

hypercholesterolemia or tobacco smoking.
249

2.10.4. Strategies to prevent the occurrence of CKD

Several strategies can be applied for the primary pre-

vention of CKD, including lifestyle modifications and the

control of risk factors modulating both CKD and ASCVD.

Several modifiable lifestyle factors have been identified

for the primary prevention of CKD. A large meta-analy-

sis
250

involving 104 studies of 2,755,719 participants

with generally a low risk of bias showed that higher di-

etary potassium intake (HR: 0.78, 95% CI: 0.65-0.94),

higher vegetable intake (HR: 0.79, 95% CI: 0.70-0.90),

physically active versus sedentary (HR: 0.82, 95% CI:

0.69-0.98), and moderate consumption of alcohol versus

no consumption (HR: 0.86, 95% CI: 0.79-0.93) were as-

sociated with a lower risk of CKD, whereas higher salt in-

take (HR: 1.21, 95% CI: 1.06-1.38), and current and former

smokers were associated with a higher risk of CKD. These

associations were consistent, but evidence was predom-

inantly of low to very low certainty.
250

Higher diet qual-

ity was most important among these factors in the Fra-

mingham Heart Study.
251

Alcohol consumption can be a

“double-edged sword” for CKD patients.
252

Drinking al-

cohol can cause adverse events, and non-drinkers do

not need to start drinking, but moderate drinking may

be beneficial for CKD. The definition of moderate con-

sumption of alcohol here equal to less than 2 drinks/day

(28 g/day alcohol) for men and less than 1 drink/day (14

g/day alcohol) for women. However, concerns about al-

cohol consumption are fully discussed in the Part II of

the current guidelines (section 5.1.4). The following risk

factors which modulate both CKD and ASCVD should be

well controlled for the primary prevention of CKD. First,

BP control: high BP can damage the kidneys and in-

crease the risk of CKD and ASCVD.
253

BP control for the

primary prevention of ASCVD is evident and recom-

mended by guidelines.
18

Population-based cohort stud-

ies have shown that the primary prevention of CKD can

be achieved with BP control.
254

Optimal BP control ac-

cording to guidelines is essential. Second, blood sugar

control: high blood sugar levels can damage the blood

vessels and increase the risk of CKD and ASCVD.
36,255

Keeping blood sugar levels and HbA1C under control is

crucial for preventing CKD and ASCVD.
256,257

Third, LDL-

lowering treatment: high cholesterol levels lead to the

initiation and progression of atherosclerosis, which re-

main the major causes of morbidity and mortality in pa-

tients with CKD and ASCVD.
258

A post hoc analysis of six

RCTs regarding intensive LDL-lowering treatment with

high-dose atorvastatin showed that atorvastatin improved

kidney function over time in a dose-dependent manner,

and that kidney function improvement was strongly as-

sociated with lower cardiovascular risk in patients at risk

of or with CVD but no baseline kidney disease.
259

Fourth,

weight loss: potential factors underlying the increased

risks of CKD and end-stage renal disease include obesity-

mediated hypertension, insulin resistance, obesity-re-

lated glomerulonephropathy, renin–angiotensin–aldo-

sterone system activation, inflammation, and dysregu-

lated adipocytokine production.
260

An RCT including 6,719

overweight/obese adults without ASCVD who were ran-

domized to receive an intensive weight-loss lifestyle in-
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tervention with an energy-reduced Mediterranean diet,

physical activity promotion, and behavioral support (in-

tervention group) or usual care advice to adhere to an

energy-unrestricted Mediterranean diet (control group),

showed that an intensive weight-loss lifestyle interven-

tion approach may preserve renal function and delay

CKD progression in overweight/obese adults.
260

A re-

cently published RCT, the SELECT study, involving 17,604

participants (aged � 45 years and BMI � 27 kg/m
2
) who

were overweight or obese with established ASCVD and

no history of DM demonstrated that weekly semaglu-

tide injections (2.4 mg) provided a significant reduction

in the risk of composite renal events accompanied with

body weight reduction, although it was not an ASCVD

primary prevention trial.
261

A cohort study in Taiwan

showed that weight loss with bariatric surgery was asso-

ciated with eGFR preservation even in individuals with

baseline eGFR � 90 mL/min/1.73 m
2

and UACR < 30

mg/g.
262

Key Recommendations

� Renal function should be evaluated annually in indi-

viduals with DM, hypertension, older age (> 65 years),

obesity, hypercholesterolemia or tobacco smoking

(COR I, LOE B).

� Lifestyle modifications, especially higher diet quality

(low salt, high potassium, energy-reduced, and high

vegetable intake), should be considered for the pri-

mary prevention of CKD (COR IIa, LOE B).

� BP control may be beneficial in the context of the pri-

mary prevention of CKD in patients with hypertension

(COR IIb, LOE C).

� Blood sugar control is recommended for the primary

prevention of CKD in patients with DM. The HbA1c

control target for patients with multiple risk factors

should be < 7% (COR I, LOE A).

� Weight loss is beneficial for the preservation of renal

function in individuals with overweight/obesity (COR

IIa, LOE B).

2.11. Sleep disorders/OSA

2.11.1. Prevalence and incidence of sleep disorders/OSA

Sleep disturbances are common and underdiagnosed

among middle-aged and older adults, and the prevalence

varies by race/ethnicity, sex, and obesity status. In the

general population, the prevalence of general sleep dis-

turbances is around 32.1%, and 7.1% for sleep-related

breathing disorders such as OSA.
263

Approximately 34% and 17% of middle-aged men

and women, respectively, meet the diagnostic criteria

for OSA. The prevalence is as high as 40% to 80% in pa-

tients with hypertension, heart failure, CAD, pulmonary

hypertension, atrial fibrillation, and stroke.
264-267

It is

highly prevalent and associated with adverse outcomes

in patients with heart failure.
264-267

The prevalence of

sleep-disordered breathing among patients with symp-

tomatic heart failure ranges from 40% to 60%, with OSA

accounting for approximately one-third of cases.
264-267

2.11.2. Impact of sleep disorders/OSA on the

development of ASCVD

Sleep disturbance or abnormal sleep duration is as-

sociated with increased MI and severe CAD risks in Tai-

wan,
268

and optimal sleep duration (7 to 8 h) is associ-

ated with a lower risk of CVD.
269,270

A higher wakeup fre-

quency has been associated with atherogenic dyslipi-

demia in Taiwanese adults, particularly in women.
271

OSA

is considered as a risk factor for the development of ar-

terial hypertension, DM, MetS,
272,273

CAD, MI, stroke,
274

PAD,
275

and progression of aortic aneurysm.
276,277

Longi-

tudinal observational studies in clinical and community

cohorts
278,279

have demonstrated that compared with

mild and moderate OSA, untreated severe OSA was as-

sociated with a 2- to 3-fold higher rate of all-cause mor-

tality and major adverse cardiac and cerebrovascular

events during 5-10 years of follow-up. OSA may be linked

to CVD in a bidirectional manner. In addition to shared

risk factors, all sleep disturbances are strongly associ-

ated with mental disorders and share hyperarousal as an

underlying mechanism.
280,281

The mechanisms of action

underlying OSA-associated CVD include elevated sympa-

thetic activity, cardiovascular variability, intrathoracic

pressure changes, inflammation, oxidative stress, endo-

thelial dysfunction, insulin resistance and thrombosis

provoked by OSA.
274

Well-established risk factors for OSA include older

age, male sex, obesity, ethnicity, anomalies of cranio-

facial features, and menopause in women. Chinese pa-

tients have more craniofacial bony restrictions. Less

well-established risk factors include smoking and family

history, while alcohol and drug use may aggravate pre-
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existing OSA but not cause it.
282-284

2.11.3. Role of sleep disorders/OSA in risk assessment

Screening for OSA is important for ASCVD risk as-

sessment in individuals at high risk of OSA. It is charac-

terized by repeated partial or total collapse of the upper

airway during sleep resulting in airflow cessation or re-

duction, and is associated with either desaturation or

cortical arousal.
264,265,285,286

Symptoms suggestive of OSA

include habitual snoring, witnessed breathing pause,

choking or gasping during sleep, frequent awakening,

nocturia, nocturnal gastroesophageal reflux, unrefreshed

sleep, morning headache, fatigue, tiredness, and exces-

sive daytime sleepiness. The assessment of OSA includes

sleep history taking, physical examination, and question-

naires. Diagnostic testing, including in-lab or home poly-

somnography, or home sleep apnea testing, should be

performed in conjunction with a comprehensive sleep

evaluation and follow-up.

2.11.4. Strategies to prevent sleep disorders/OSA

There is no evidence regarding strategies to prevent

OSA. Healthy sleeping habits is a complex balance be-

tween behavior, environment and circadian rhythm.
287

Appropriate behavior may be beneficial for the quality of

sleep, such as eating tryptophan- and carbohydrate-rich

foods, physical exercise in the afternoon, a cold shower

just before going to bed, and thermoneutrality during

sleep.
287

Caffeine intake 30 to 60 minutes before sleep-

ing shortens total sleep time, and alcohol intake can

also lead to night-time awakening due to sympathetic

activation despite better initiation of sleep.
287

Therefore,

both should be avoided before sleeping.

Key Recommendations

� 7 to 9 hours of sleep per night is recommended for

good health (Class I, LOE C).

� In patients with obesity, hypertension, MetS, atrial fi-

brillation or heart failure, screening for sleep prob-

lems, especially OSA, is indicated (Class I, LOE C).

2.12. Inflammation/infection

2.12.1. Prevalence and incidence of

inflammation/infection

Chronic low-grade inflammation/infection plays an

important role in the pathogenesis of atherosclerosis

and provocation of acute vascular events.
1,288

An analy-

sis of the Atherosclerosis Risk in Communities Study, a

large multicenter cohort study, involving 8,947 partici-

pants without CAD revealed that elevation of high-sensi-

tivity C-reactive protein (hsCRP) level (� 2 mg/L) was ob-

served in 5,018 participants (56.1%).
289

Furthermore,

the Framingham Heart Study, a prospective community

cohort study involving 4,446 participants without ASCVD,

revealed that 2,831 participants (63.7%) had a higher CRP

level (� 1 mg/L) and that 1,706 participants (38.4%) had a

CRP level � 3 mg/L.
290

Taken together, these findings im-

ply that the prevalence of chronic low-grade inflamma-

tion/infection in relatively healthy populations is high.

2.12.2. Impact of inflammation/infection on the

development of ASCVD

Inflammation is a critical driver in the multistep pro-

cess of ASCVD development.
1,288

Inflammatory cascade

also plays a key role in the architectural stability of fi-

brous caps. Destabilization of collagen in fibrous caps

leads to plaque rupture and overlying thrombus forma-

tion, resulting in ACS.
291

Patients with ACS have a higher

hsCRP level than those without.

2.12.2.1. The role of periodontitis

The relationship between inflammation/infection

and the development of ASCVD has been reported in

several association studies. The role of periodontitis has

received more attention, and it probably plays a caus-

ative role rather than a coincidental association.
292

Pe-

riodontitis has been shown to contribute to elevated CRP

levels in many studies.
292-295

CRP levels progressively in-

crease from periodontal health to disease.
294

Non-surgi-

cal periodontal therapy can effectively reduce serum CRP

levels either in individuals without or with ASCVD.
294-297

Relapse of periodontitis after surgery is reflected by

changes in proinflammatory biomarkers, including hsCRP,

during follow-up.
298

A genome-wide association study

revealed a novel shared risk locus for CAD and periodon-

titis.
299

Associations between periodontitis and CAD,
300-304

ACS,
304,305

ischemic stroke,
303,304,306

PAD,
307,308

the devel-

opment and progression of aortic aneurysm,
309

cardio-

vascular death,
304

and total mortality
304

have been re-

ported in both cross-sectional and longitudinal follow-

up studies. Furthermore, an analysis of the TNHIRD showed
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that dental prophylaxis and periodontal treatment in pa-

tients with periodontitis was associated with a lower

risk of ischemic stroke than in those without periodon-

titis (HR: 0.78, 95% CI: 0.75-0.81, and 0.95, 95% CI: 0.91-

0.99, respectively) after adjusting for confounders, whe-

reas those with periodontitis but no treatment had a

significantly higher HR for ischemic stroke (1.15, 95% CI:

1.07-1.24).
310

The same study group further demonst-

rated that dental prophylaxis was associated with a lower

risk of AMI (HR: 0.90, 95% CI: 0.86-0.95).
311

A nation-

wide database analysis from South Korea showed that

performing one more tooth brushing a day was associ-

ated with a 9% significantly lower risk of cardiovascular

events after multivariable adjustment, and that regular

dental visits (once a year or more) for professional clean-

ing also reduced cardiovascular risk by 14%.
312

However,

no well-designed RCT has evaluated the effects of dental

prophylaxis/periodontal treatment on the primary pre-

vention of ASCVD.
24,313

2.12.2.2. Hepatitis C

Associations of hepatitis C infection and the occur-

rence of CAD,
314

ACS,
315,316

ischemic stroke,
316

PAD,
317

major arterial events (ACS, acute ischemic stroke, and

PAD),
316

and all-cause mortality
316

have been reported.

However, hepatitis B is not associated with ASCVD
316

or

ASCVD-related death.
318

Furthermore, an analysis of the

TNHIRD showed that antiviral treatment for hepatitis C

infection resulted in a lower risk of ischemic stroke (HR:

0.53, 95% CI: 0.30-0.93) and a trend of a lower risk of

ACS (HR: 0.64, 95% CI: 0.39-1.06).
319

2.12.2.3. Helicobacter pylori

Associations of Helicobacter pylori infection and the

occurrence of CAD,
320

ACS,
321

ischemic stroke,
322,323

and

PAD
324

have been reported. However, no observational

study or prospective RCT has evaluated the effect of era-

dicating this micro-organism infection on the occurrence

of ASCVD.

2.12.2.4. Mycoplasma pneumoniae

Some observational studies have demonstrated an

association between Mycoplasma pneumoniae infection

and the occurrence of ASCVD.
325-328

However, clarith-

romycin treatment was shown to increase cardiovascu-

lar risks in several population-based studies,
329,330

and

did not show outcome benefits in an ACS RCT.
331

2.12.2.5. Rheumatoid arthritis

Rheumatoid arthritis has been reported to be asso-

ciated with ASCVD.
332-334

A recently published study re-

vealed that genetic liability to rheumatoid arthritis was

associated with an increased risk of CAD, probably being

mediated by CRP.
335

Patients with rheumatoid arthritis

treated with disease-modifying anti-rheumatic drugs

have been shown to have an improved cardiovascular

profile.
336

Treatment with disease-modifying anti-rheu-

matic drugs as well as Chinese herbal medicine for rheu-

matoid arthritis has been associated with a lower risk of

CVD,
337-340

whereas an inadequate response to disease-

modifying anti-rheumatic drug therapy has been associ-

ated with a higher risk of ACS in Taiwan.
341

However, no

RCT has evaluated the effects of anti-rheumatic treat-

ment on the primary prevention of ASCVD in individuals

with rheumatoid arthritis.

2.12.2.6. Other inflammation/infections

Other inflammation/infection-related diseases in-

cluding systemic lupus erythematosus,
342,343

systemic

sclerosis,
344

psoriasis,
345,346

inflammatory bowel dis-

ease,
347-349

human immunodeficiency virus infection,
350

gall stone disease,
351,352

influenza infection,
353

and tu-

berculosis infection,
354-356

have been reported to be as-

sociated with the occurrence of ASCVD. An analysis of

the TNHIRD showed that long-term hydroxychloroquine

treatment for systemic lupus erythematosus was associ-

ated with a lower risk of vascular events,
357

while pati-

ents with gall stone disease undergoing cholecystectomy

were associated with a lower risk of ischemic stroke.
358

Taken together, chronic low-grade inflammation plays an

important role in the pathogenesis of ASCVD.

2.12.3. Role of inflammation/infection in risk assessment

There are two approaches in terms of the role of in-

flammation/infection in ASCVD risk assessment. The first

is a biomarker-oriented approach, and the second is a

concomitant disease-oriented approach.

2.12.3.1. Biomarker-oriented approach

The role of hsCRP, a canonical biomarker of inflam-

mation/infection, has been thoroughly investigated in

ASCVD risk assessment. Its predicted value has been re-
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ported to be independent from, and even superior to,

traditional ASCVD risk factors.
359,360

Therefore, hsCRP

was included in a risk-prediction model, which was de-

emed superior to other risk scoring models.
361,362

How-

ever, its role in ASCVD risk assessment is arguable,
363,364

and thus routine measurement of hsCRP is not recom-

mended in the guidelines.
7,24

2.12.3.2. Concomitant disease-oriented approach

In 2013, the European Federation of Periodontology

and the American Academy of Periodontology recom-

mended that
313

practitioners should be aware of the

emerging and strengthening evidence that periodontitis

is a risk factor for developing ASCVD and periodontitis

patients with other risk factors for ASCVD who have not

seen a physician within the last year, should be referred

to a specialist.

In 2022, the Taiwanese Dermatological Association,

the Taiwanese Association for Psoriasis and Skin Immu-

nology, and the TSOC jointly published a consensus on

the management of psoriatic disease with attention to

cardiovascular comorbidities and recommended cardio-

vascular risk assessment and management.
365

Of note,

for patients without pre-existing CVD, a comprehensive

cardiovascular risk evaluation for primary prevention

should be performed at the diagnosis of psoriasis. In ad-

dition, patients with severe psoriasis or at moderate or

high CVD risk, or those who exhibit cardiovascular signs

and symptoms should be referred to a cardiologist for

further evaluation and management.

In 2017, the European League Against Rheumatism

Task Force published update recommendations for CVD

risk assessment and management in patients with rheu-

matoid arthritis and other inflammatory joint disorders,

including ankylosing spondylitis and psoriatic arthritis.
366

CVD risk assessment is recommended for all patients

with rheumatoid arthritis, ankylosing spondylitis or pso-

riatic arthritis at least once every 5 years and should be

reconsidered following major changes in antirheumatic

therapy, and lifestyle recommendations should empha-

size the benefits of a healthy diet, regular exercise and

smoking cessation for all patients.

The CV risk assessment and management in patients

with systemic lupus erythematosus, gout, and other vas-

culitis were also discussed by the European League Against

Rheumatism Task Force in 2022.
367

2.12.4. Strategies to prevent inflammation/infection

Some ASCVD-relevant inflammatory and infectious

diseases are preventable. Hyperuricemia with gouty ar-

thritis, periodontitis, hepatitis C and human immunode-

ficiency virus infections should be prevented and man-

aged according to the guidelines from related societies.

Influenza virus infection can be effectively prevented

by vaccination. Most influenza vaccines can protect against

three (trivalent) or four (quadrivalent) different influenza

viruses.
7,368

Key Recommendations

� Routine measurement of hsCRP for ASCVD risk assess-

ment is not recommended (Class III, LOE A).

� Periodontitis patients with other ASCVD risk factors

who have not seen a physician within the last year

should be referred to a specialist (Class IIa, LOE C).

� For patients with rheumatoid arthritis, psoriasis, or

psoriatic arthritis without pre-existing ASCVD, a com-

prehensive cardiovascular risk evaluation for primary

prevention should be performed at the diagnosis (Class

IIa, LOE C).

� The frequency of repeat screening of laboratory data

for ASCVD risk assessment in patients with periodon-

titis, rheumatoid arthritis, psoriasis, or psoriatic arthri-

tis should follow the Health Promotion Administration

recommendations for adult preventative health screen-

ing (every 3 years for adults aged 40-64 years or annu-

ally for adults aged 65 years or older) (Class IIa, LOE C).

� Lifestyle modifications, especially a healthy diet, regu-

lar exercise and smoking cessation, and management

of ASCVD risk factors are recommended for all pati-

ents with periodontitis, rheumatoid arthritis, psoria-

sis, or psoriatic arthritis (Class I, LOE C).

� Annual influenza vaccination is recommended, espe-

cially for individuals with older age, ASCVD risk factors,

or concomitant disease (COR I, LOE B).

2.13. Mental disorders and socioeconomic stress

2.13.1. The prevalence and incidence of mental disorders

The prevalence of probable common mental disor-

ders in Taiwan doubled from 11.5% in 1990 to 23.8% in

2010.
369

These increases paralleled rises in national rates

of unemployment, divorce, and suicide.
369

According to

a report from the Taiwan National Health Insurance Ad-
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ministration, approximately 2.8 million patients with psy-

chological disorders sought medical aid in 2019.
370

There-

fore, it is an important issue in the current era.

2.13.2. Impact of mental disorders and socioeconomic

stress on the development of ASCVD

Mental disorders (e.g. anxiety, mood, psychotic, per-

sonality, eating, sleep, sexuality-related or other disor-

ders) mainly develop due to psychosocial stress, and are

directly associated with socioeconomic and behavior

risk factors.
371,372

The impact of mental disorders is inde-

pendent of traditional CVD risk factors, and is associated

with an increased risk of the development and progres-

sion of CVD and worse CV outcomes.
373,374

Severe men-

tal illness (schizophrenia, bipolar disorder, and major

depressive disorder) is associated with an increased risk

of developing CAD (adjusted HR: 1.54, 95% CI: 1.30-

1.82).
373

Anxiety symptoms/disorders (HR: 1.41, 95% CI:

1.23-1.61) as well as experiences of persistent or intense

stress or posttraumatic stress disorder (adjusted HR:

1.27, 95% CI: 1.08-1.49) are also associated with a higher

risk of CAD.
373

On the other hand, ASCVD patients are at

an approximately 2- to 3-fold increased risk of mental

disorders compared to healthy general populations.
375,376

A cross-sectional study involving 11,956 permanent resi-

dents in China aged � 35 years revealed that depressive

symptoms were associated with 10-year ASCVD risk af-

ter adjusting for confounding risk factors.
377

Psychosocial, biological, and behavioral risk factors

are prevalent in disadvantaged individuals, accentuat-

ing the link between socioeconomic status and ASCVD.

Socioeconomic status has a measurable and significant

effect on cardiovascular health. Considering the impact of

socioeconomic stress, the INTERHEART study,
378

a large-

scale case-control study in 52 countries, showed that

all four psychosocial stressors (stress at work and at

home, financial stress, major life events in the past year

and locus of control and presence of depression) were

associated with an increased risk of AMI events. In-

come level, educational attainment, employment status,

and environmental factors are four dominant markers

of socioeconomic status. An association of socioeco-

nomic status with ASCVD in high income countries has

been demonstrated.
379-383

A prospective observational

cohort study in the United States showed that partici-

pants with both depressive symptoms and stress had

the greatest elevation in the risk of developing total

CVD (HR: 1.48, 95% CI: 1.21-1.81) and all-cause mortal-

ity (HR: 1.33, 95% CI: 1.13-1.56), but only in those with

a low income.
384

Studies in Taiwan have shown that

hospitalized AMI patients with low individual socioeco-

nomic status had lower rates of diagnostic angiography

and subsequent percutaneous coronary interventions

and a higher mortality rate,
385

and that low-income pa-

tients undergoing coronary artery bypass grafting re-

ceived lower-quality care and had higher mortality than

high-income patients.
386

2.13.3. Role of mental disorders and socioeconomic stress

in risk assessment

Preliminary evidence suggests that taking mental

disorders and low socioeconomic status into account

improves classical ASCVD risk models and is thus recom-

mended.
387,388

A cohort study reported that CVD risk as-

sessment tools which did not include severe mental ill-

ness as a predictor underestimated CVD risk by about

one-third in men and two-thirds in women.
387

2.13.4. Strategies to prevent mental disorders and

socioeconomic stress

Strategies which have been shown to be beneficial,

and some of them cost-effective, in the primary preven-

tion of common mental disorders include selective pri-

mary preventive interventions (interventions in the off-

spring of patients with severe mental disorders) and in-

dicated primary preventive interventions (interventions

in people at clinical high risk of mental disorders or psy-

chosis).
389

Clinical and social preventive measures both

seem to be important in the prevention of mental disor-

ders by reducing socioeconomic stress.
369

It would be an

important issue to survey and refer patients with low so-

cioeconomic status to mental health services. Some life-

style factors, such as exercise, physical activity, yoga, and

qigong, may be effective in the primary prevention of

common mental disorders.
390-391

Key Recommendations

� Physicians should be aware of the emerging and st-

rengthening evidence of the association of mental dis-

orders or socioeconomic stress with the development

and worse outcomes of ASCVD (Class IIa, LOE B). In

addition, physicians may advise patients to implement
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healthy lifestyles for the primary prevention of this

factor (Class IIb, LOE C).

2.14. Frailty

2.14.1. Prevalence and incidence of frailty

Frailty is the health status of decreased resistance

to stressors characterized by increased vulnerability and

decline in multidirectional physiologic reserve. According

to extensive cohort studies, the prevalence of frailty is

varied, ranging from 5.0% to 6.4%, in residents over 50

years of age in Taiwan.
392,393

The discrepancy between

both studies is due to different assessment tools of frailty

and the various timing and areas of study enrollment.

2.14.2. Impact of frailty on the development of ASCVD

Taiwan became an aged society in 2018 due to a de-

cline in fertility rate and increased life expectancy. The

accelerating pace of aging is expected to make Taiwan a

super-aged community in 2026. The prevalence of frailty

and CVD increase with age, with shared common risk

factors including activated inflammation.

The association between CVD and frailty is strong

and bidirectional. Lifestyle risk factors such as smoking,

low physical activity, economic stress, and aging link

pathways between CVD and frailty.
394

A meta-analysis

study found that frail individuals had an increased CVD

risk compared to pre-frail or robust individuals.
395

Pre-

frail status, defined as the presence of one or two Fried

criteria, is also an independent risk factor for the devel-

opment of CVD,
396

and frail individuals without previous

CAD have significantly higher risks of major adverse car-

diovascular events, AMI, stroke, PAD, and CAD.
397,398

2.14.3. Role of frailty in ASCVD risk assessment

There are currently various definitions of frailty ow-

ing to a lack of consensus agreement.
399

The most com-

monly used approaches are to define phenotypic frailty

and deficit accumulation index. Other domains includ-

ing cognitive dysfunction and psychological and social

frailty form the conceptual frailty framework.
400

A single

tool is needed to define a comprehensive model of frailty,

and some domains are less applicable in the clinical prac-

tice of CVD.

Various instruments have been developed to pro-

vide deficit scores based on at least 30 variables. The

frailty index is based on comprehensive geriatric assess-

ments, and scores the number of deficits in the domains

of impairment, disability, and comorbidity burden.
401,402

The Canadian Study of Health and Aging clinical frailty

score encompasses ten standard territories and 70 defi-

cits from clinical assessments.
403

The Fried frailty phenotype, developed using data

from the Cardiovascular Health Study, is the most fre-

quently cited instrument in previous studies.
404

The Fried

frailty phenotype encompasses five measurable compo-

nents, namely slow walking speed, weakness of grip st-

rength, low physical activity, self-reported exhaustion, and

unintentional weight loss. Participants who meet three or

more of these criteria are defined as being frail, and those

who meet one or two criteria as prefrail. Other single-item

measures of frailty, such as questionnaires, gait speed,

handgrip strength, or Short Physical Performance Bat-

tery
405,406

are used as surrogates for predictability because

of the time-consuming and effort required for comprehen-

sive assessments. To conclude, further research is required

to develop a globally accepted tool to assess frailty and its

specific application for CVD prevention. In addition, the

ability of frailty measures to improve CVD risk prediction

should be further evaluated.
407

2.14.4. Strategies to prevent frailty

Lifestyle interventions such as dietary quality, micro-

nutrient supplementation, and exercise training have been

shown to be effective to prevent and attenuate frailty in

observational studies and small-scale interventional tri-

als.
24,408-410

Key Recommendations

� Frailty is a complex geriatric syndrome characterized

by functional decline and inability to withstand acute

stressors, and it is an emerging ASCVD risk factor in

the increasingly aged society (COR IIa, LOE C).

� Lifestyle interventions such as dietary quality, micro-

nutrient supplementation, and exercise training may

be considered to prevent and attenuate frailty (COR

IIb, LOE C).

2.15. Environmental exposure

2.15.1. Environmental exposure and CVD

The rapid development of current civilization has
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brought enormous improvements in our daily lives. How-

ever, these improvements have also resulted in bypro-

ducts that affect our health and the environment. The

effects of environmental pollutants can have serious im-

pacts on human health, particularly on populations liv-

ing in industrialized societies. Diseases of civilization,

such as CVD, asthma, and DM, are tightly linked to envi-

ronmental pollutants. These pollutants, which come from

sources such as industrial and agricultural activities, ve-

hicle emissions, and waste disposal, can cause inflam-

mation, atherothrombosis, endothelial dysfunction, and

oxidative stress, leading to a range of adverse health out-

comes.
411

Among them, air pollutants, and especially par-

ticulate matter (PM) with variable size, can penetrate the

respiratory system via inhalation, causing respiratory

disease and CVD, central nervous system dysfunction,

reproductive abnormalities, and even an increase in can-

cer incidence.
412

There are some emergent environmental exposures,

such as air pollution, climate change, and heavy metal

pollution that have been established closely related to

ASCVD and mitigation measures should be taken in ac-

tion for ASCVD prevention.

2.15.2. Ambient air pollution

2.15.2.1. Exposure to fine PM (PM2.5) and gaseous

pollutants increases the risk of CVD

Numerous scientific studies have demonstrated the

detrimental effects of ambient PM2.5 exposure and gas-

eous pollutants on cardiovascular health and an in-

creased risk of CVD.
413

PM2.5 refers to fine particulate

matter with a diameter of 2.5 micrometers or less, which

can easily penetrate deep into the respiratory system

and subsequently enter the blood circulation leading to

systemic health effects.
411-414

Exposure to PM2.5 has been

consistently associated with adverse cardiovascular out-

comes, including increased risks of heart attack, stroke,

and heart failure.
415,416

Gaseous pollutants such as nitro-

gen dioxide, sulfur dioxide, and ozone have also been

linked to increased inflammation, thrombosis, and auto-

nomic imbalance,
417

and the incidence of CVD.
418,419

These pollutants can induce oxidative stress, inflamma-

tion, and endothelial dysfunction, contributing to the

development and progression of cardiovascular patholo-

gies.
420

One study of adolescents and young adults in

Taiwan suggested that traffic and industrial sources of

PM2.5 and elements were associated with higher carotid

intima-media thickness (CIMT).
421

Recent evidence indi-

cates that even at low pollution levels below the current

European and North American standards and World

Health Organization guideline values, outdoor air pollu-

tion is associated with mortality.
422

These findings are

supported by high-quality scientific evidence, including

systematic reviews, cohort studies, and experimental

studies.
411-414,423,424

2.15.2.2. Strategies to reduce ambient air pollution for

the primary prevention of CVD in the general

population

Mounting evidence suggests that reducing ambient

air pollution has the potential to prevent CVD in the ge-

neral population. Epidemiological studies have consis-

tently demonstrated an association between higher le-

vels of air pollution and increased cardiovascular mor-

bidity and mortality.
411-414

Implementing interventions

to decrease air pollution levels, such as reducing the use

of fossil fuels, adopting cleaner energy sources, and im-

plementing stricter emission standards, has been shown

to have positive impacts on cardiovascular health.
411,425

A previous study reported that a decrease of 10 �g/m
3

in PM2.5 across 51 U.S. metropolitan areas with match-

ing data for the late 1970s and early 1980s versus the

late 1990s and early 2000s was associated with an esti-

mated increase in mean life expectancy of 0.61 	 0.20

years.
426

These findings are supported by a systematic

review and meta-analysis of observational studies and

intervention trials.
427-429

Therefore, reducing ambient air

pollution has emerged as an important strategy for pre-

venting CVD and promoting public health.

Key Recommendations

� Both long-term and short-term ambient PM2.5 expo-

sure increase the risk of ASCVD (COR I, LOE B).

� Reducing ambient air pollution exposure can be bene-

ficial for cardio-pulmonary health (COR IIa, LOE B).

� Reducing ambient air pollution exposure may be help-

ful in the primary prevention of ASCVD (COR IIa, LOE

C).

2.15.3. Climate change

Scientific research indicates that climate change, and
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particularly inappropriate temperature increases, can ele-

vate the risk of CVD. Rising temperatures, heatwaves, and

extreme weather events associated with climate change

have been linked to adverse cardiovascular outcomes.
430,431

The physiological stress imposed by high temperatures

can lead to increased cardiovascular strain, exacerbation

of pre-existing conditions, and higher rates of hospital-

izations and deaths due to cardiovascular events.
432,433

Moreover, climate change-related factors such as air

pollution, changes in infectious disease patterns, and al-

terations in food availability and quality can further con-

tribute to the burden of CVD.
430,434,435

Rajagopalan et al.

supported the assertion that inappropriate temperature

increases associated with climate change can elevate the

risk of CVD.
436

Extreme temperature plays a crucial role

in increasing the effects of air pollution and exacerbat-

ing cardiovascular risks.
437,438

A higher temperatures can

intensify the harmful effects of air pollution on the car-

diovascular system, leading to an increased incidence of

heart attack, stroke, and other cardiovascular events.
436-438

Thus, climate warming can exacerbate the hazardous ef-

fects of other pre-existing environmental toxicants on the

cardiovascular system, leading to adverse cardiovascular

outcomes.

To reduce CVD morbidity and mortality, it is recom-

mended to mitigate climate change by reducing the use

of fossil fuels and limiting carbon dioxide emissions.
436,439

These measures can help to mitigate temperature in-

creases and associated health risks, thereby safeguard-

ing cardiovascular health. This recommendation is sup-

ported by scientific studies and expert consensus.
440-442

Implementing sustainable practices and transitioning to

cleaner energy sources are crucial steps towards protect-

ing cardiovascular health in the face of climate change.

Key Recommendations

� Climate change with inappropriate increases in tem-

perature elevates the risk of ASCVD (COR I, LOE B).

� Reducing the use of fossil fuels and limiting carbon di-

oxide emissions may be reasonable for the primary

prevention of ASCVD (COR IIb, LOE C).

2.15.4. Heavy metals

Previous studies have consistently demonstrated that

higher exposure to heavy metals, including lead, cadmium,

mercury, and arsenic, increases the risk of CVD.
443,444

Heavy metals, which can be found in various environ-

mental sources such as air, water, soil, and food, have

been implicated in the development and progression of

ASCVD. These metals can induce oxidative stress, inflam-

mation, endothelial dysfunction, DNA methylation, and

disruption of vascular homeostasis, ultimately contributing

to the pathogenesis of cardiovascular disorders.
436,445-448

Epidemiological studies have shown associations be-

tween heavy metal exposure and an increased incidence

of CVDs, including CAD, hypertension, MetS, and heart

failure.
436,443,444,448-450

To prevent CVD in the general po-

pulation, reducing exposure to heavy metals is recom-

mended. Strategies such as minimizing occupational and

environmental exposure, implementing regulations on

industrial emissions, and ensuring safe drinking water

sources can help mitigate the risk of heavy metal-related

cardiovascular health effects.
436,444,445

This recommen-

dation is supported by scientific evidence, including epi-

demiological studies, experimental research, and sys-

tematic reviews.
451-456

Considering the widespread expo-

sure of heavy metals, even modest contributions to CVD

risk can have a substantial effect on the general popula-

tion. Evidence-based clinical and public-health strategies

aimed at reducing environmental exposure and mitigat-

ing the toxic effects could substantially lower the dis-

ease burden of CVD worldwide.
436,448,457

Arsenic is a na-

turally occurring element that an individual typically en-

counters every day in daily life, including food, water, soil,

and air. In some areas of the world, high levels of arsenic

are naturally present in the groundwater in some areas

of the world, including Argentina, Bangladesh, Cambo-

dia, Chile, China, Taiwan, India, Mexico, Pakistan, the

United States of America and Vietnam, and are a toxico-

logical concern.
458

The relative risks were found with

dose-response relationship for those who had a cumula-

tive arsenic exposure compared with those without the

arsenic exposure after covariates adjustment from the

earlier studies in Taiwan.
459,460

Reducing arsenic exposure

may contribute to a lower risk of ASCVD.
461

Taking mea-

sures to reduce heavy metals exposure, particularly lead,

cadmium, mercury, and arsenic, are essential for promot-

ing cardiovascular health and preventing associated dis-

eases.

Key Recommendations

� Higher heavy metal exposure to lead, cadmium, mer-
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cury, and arsenic increases the risk of ASCVD (COR I,

LOE B).

� Reducing exposure to heavy metals, including lead,

cadmium, mercury, and arsenic, may be reasonable to

prevent ASCVD in the general population (COR IIb,

LOE C).

3. SURROGATE MARKERS AS RISK ENHANCERS

3.1. Imaging

3.1.1. Coronary artery calcium (CAC)

Vascular calcification is a hallmark of atherosclero-

sis. Factors including inflammatory processes and meta-

bolic risks such as hyperlipidemia and DM all influence

the process of coronary calcification.
462

The coronary

calcium area is highly correlated with coronary plaque

area both in individual arteries and the heart, indicating

that CAC quantification can be used as an index of dis-

ease severity.
463,464

The current prognostic value of CAC

in clinical practice is mainly derived from major prospec-

tive cohort studies which enrolled subjects aged be-

tween 45 and 75 years.
465-468

The population-based Rot-

terdam Study enrolled 1,795 asymptomatic participants

with a mean follow-up of 3.3 years, and showed that the

risk of CAD was highest in participants with a CAC score

> 1000, followed by those with a score from 401 to 1000

and then 101 to 400 compared to those with a score <

100 (adjusted HR: 8.3, 4.6, and 3.1, respectively).
469

An

analysis of pooled US population-based studies (the Fra-

mingham Heart Study, the Multi-Ethnic Study of Athero-

sclerosis, and the Cardiovascular Health Study) involving

4,778 participants over 11 years of follow-up revealed

that CAC scores had a greater association with the oc-

currence of CAD and stroke than age.
470

In addition, add-

ing CAC score to risk prediction models with traditional

risk factors and only age being removed improved the

discrimination for incident CAD but not for stroke.
470

Compared with other serum biomarkers, CAC score ap-

pears to be superior in the risk prediction of future ASCVD

events, suggesting that CAC may be useful in the risk as-

sessment and primary prevention of ASCVD.
471,472

Considering cost-effectiveness, the primary preven-

tion strategies for CAD mainly focus on eligibility for

statin therapy. CAC is useful in asymptomatic people for

planning primary prevention intervention strategies

such as the use of statins and aspirin. Use of the CAC score

in primary prevention is recommended by the ACC/AHA

guidelines
23,80

for adults at intermediate risk or selected

adults at borderline risk. If the decision on the use of sta-

tins remains uncertain, it is reasonable to use the CAC

score in the decision to withhold, postpone, or initiate

statin therapy (Class IIa, LOE B), and the CAC score may

be considered as a risk modifier in the cardiovascular

risk assessment of asymptomatic individuals at low or

moderate risk. Therefore, after the assessment of future

cardiovascular risk based on risk score analysis, the ad-

dition of CAC distribution measures can improve the dis-

criminatory capacity of models for major CAD events. No

prospective cohort study has investigated the use of CAC

score in Taiwan. The TSOC recently published CCS guide-

lines recommending the use of CAC score to improve

risk assessment in those with a borderline (10-year CAD

risk 3-7%) or intermediate (10-year CAD risk 7-10%) risk.
7

CAC can reclassify the risk of CVD upwards or down-

wards in addition to conventional risk factors to guide

the initiation or intensification of preventive pharmaco-

therapies (Figure 5).
7

In addition to statin use, CAC may

also have value in the decision to recommend prophy-

lactic daily aspirin. The Multi-Ethnic Study of Atheroscle-

rosis cohort included 4,229 subjects without diabetes,

and reported net harm with the use of aspirin in those

with a CAC score of 0, and a net benefit in those with a

CAC score > 100.
473

Therefore, the Society of Cardiovas-

cular Computed Tomography recommend considering

aspirin therapy for all patients with a CAC score > 100.
474

Although the coronary calcification identified in the

chest computed tomography is nongated, it predicts

mortality in a manner similar to ECG-gated CAC scor-

ing.
475-477

Therefore, notification of patients and their

clinicians about the presence of significant CAC will re-

sult in risk category re-evaluation and initiation of statin

therapy along with additional preventive interventions

to reduce the risk of ASCVD.

CAC score has emerged as the most predictive single

cardiovascular risk marker in asymptomatic people, capa-

ble of adding predictive information beyond the traditional

cardiovascular risk factors. However, the CAC score does

not provide direct information on total plaque burden or

stenosis severity, and it can be low or even zero in middle-

aged patients with soft non-calcified plaque.
24

Further-
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more, although CAC measurements are considered to be

useful for enhancing risk assessment in primary preven-

tion, trial evidence is limited in younger and older adults,

and there is currently no clinical trial evidence showing

that better outcomes are achieved merely with a CAC test-

ing approach.
478

The results of future clinical trials and ob-

servations are needed before recommendations for the

use of CAC in young and elderly populations can be made.

3.1.2. CCTA

CCTA provides a comprehensive assessment of the

entire coronary tree, including the presence of plaque,

its morphology, and its extent.
479

In patients without sig-

nificant epicardial obstruction, CCTA can rule out athero-

sclerosis or detect subclinical plaque that should be mo-

nitored for progression/regression following preventive

therapy and provide risk classification.
480

In patients

with significant epicardial obstruction, CCTA can assist in

planning revascularization by determining the disease

complexity, vessel size, lesion length and tissue compo-

sition of the atherosclerotic plaque, as well as the best

fluoroscopic viewing angle. It may also help in selecting

adjunctive percutaneous devices and in determining the

best landing zone for stents or bypass grafts.
480

Silent coronary atherosclerosis in the general popu-

lation is common and is correlated with CAC. The Swed-

ish Cardiopulmonary Bioimage Study recruited 30,154

randomly invited individuals aged 50 to 64 years who

were not known to have CAD and had high-quality CCTA

data, and the results showed that silent coronary athe-

rosclerosis was common (42.1%), significant stenosis (�

50%) was less common (5.2%), and more severe forms

such as left main, proximal left anterior descending ar-

tery or 3-vessel disease, were rare (1.9%) in the middle-

aged population.
481

In addition, CCTA-detected athero-

sclerosis was found to increase in those with a higher

CAC score, and all of the participants with a CAC score >

400 had atherosclerosis, of whom 45.7% had significant

stenosis. In addition, 5.5% of those with a CAC score of

0 had atherosclerosis, of whom 0.4% had significant ste-

nosis, with an increasing prevalence at higher baseline

risk.
481

High CAC scores convey a significant probability

of substantial stenosis, and a CAC score of 0 does not ex-

clude atherosclerosis, particularly in those at higher ba-
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Figure 5. The role of CAC scoring in ASCVD risk stratification and management (Adapted from Ueng KC, et al. with permission).
7

Risk stratification

is based on the TwCCCC risk prediction model.
26

ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcification; CAD, coronary ar-

tery disease; LDL-C, low-density lipoprotein cholesterol; LSM, life-style modification; MI, myocardial infarction; OMT, optimal medical treatment;

TwCCCC, Taiwan Chin-Shan Community Cardiovascular Cohort.



seline risk.
481

Among 23,759 symptomatic patients from

the Western Denmark Heart Registry who underwent di-

agnostic CCTA, the event rate increased stepwise with

CAC scores, and patients with a comparable calcified

atherosclerosis burden generally had a similar risk of

CVD events regardless of whether they had nonobstruc-

tive or obstructive CAD.
482

This indicates that plaque bur-

den, not stenosis per se, is the main predictor of the risk

of CVD events and death.
482

Although CCTA can be used to identify subclinical

atherosclerosis and severity/stability of the atheroma,

whether it can improve risk classification or add prog-

nostic value for the purpose of primary prevention over

CAC score is unknown.
483

In addition, increased cost, ra-

diation exposure, and the use of downstream invasive

coronary angiography and preventive treatment are

other concerns. The CONFIRM study investigated statin

or aspirin use in examining the risk of mortality associ-

ated with nonobstructive CAD by CCTA and evaluated

the impact of baseline statin and aspirin use on mortal-

ity.
484

After analyzing 10,418 patients (5,712 with nor-

mal CCTA and 4,706 with nonobstructive CAD), a rela-

tionship between increasing burden of nonobstructive

CAD and higher mortality rates was identified and a re-

duction in mortality risk associated with baseline statin

therapy but not aspirin was observed. Like CAC score

used in risk reclassification in intermediate risk group,

baseline statin use is significantly beneficial in patients

with the presence of nonobstructive coronary plaque. In

CONFIRM study, there is no comparison investigating

different impacts of CAC score or nonobsctructive pla-

que identified by CCTA on long term mortality associ-

ated with baseline statin use. Furthermore, it is only an

observational study. An RCT involving 900 people with

type 1 or type 2 DM without symptoms of CAD with a

mean follow-up time of 4.0 years demonstrated that

CCTA-directed treatment versus standard treatment did

not result in a lower composite rate of all-cause mortal-

ity, nonfatal MI, and unstable angina requiring hospital-

ization.
485

An ongoing RCT planning to enroll at least

6,000 middle-aged participants at risk of CVD but with-

out CAD at baseline to test the prognostic role of CCTA

will provide more conclusive answers in terms of the

role of CCTA in the primary prevention of ASCVD.
486

In

the 2019 ESC guidelines for the diagnosis and manage-

ment of CCS, CCTA with non-invasive functional imaging

was recommended as the initial test to diagnose CAD in

symptomatic patients in whom obstructive CAD could

not be excluded by clinical assessments alone.
483

Key Recommendations

� CAC score may be considered as a risk modifier in the

cardiovascular risk assessment of asymptomatic indi-

viduals at low-moderate risk of ASCVD (COR IIb, LOE

B).

� Use of the CAC score is not recommended for asymp-

tomatic individuals who are at high risk of ASCVD (COR

III, LOE B).

� It is reasonable to use the CAC score when making the

decision to withhold, postpone, or initiate statin ther-

apy in asymptomatic adults with a borderline to inter-

mediate risk of ASCVD, if the decision about statin use

remains uncertain (Class IIa, LOE B).

� For the primary prevention of ASCVD, whether CCTA

improves risk classification or adds prognostic value

over CAC score in asymptomatic individuals is unknown,

and may not currently be recommended (Class IIb, LOE

B).

3.1.3. Carotid ultrasound

Carotid ultrasound serves as a non-invasive techni-

que for the early detection of subclinical or clinical athe-

rosclerosis. This procedure primarily measures CIMT and

checks for the presence of carotid plaques. However, the

routine use of carotid ultrasound for screening in the ge-

neral population is subject to debate and controversy.

CIMT is assessed at the far wall of the carotid arteries

using ultrasound imaging. This measure is taken between

the lumen-intima interface and the media-adventitia in-

terface, clearly marked by a distinct double-line sign on

ultrasound images. However, discrepancies across vari-

ous studies have been noted and can be attributed to

five primary factors: (1) the specific sites where CIMT is

measured; (2) the specific CIMT parameters selected for

statistical analysis; (3) the defined endpoints for each

study; (4) the inclusion or exclusion of carotid plaques in

the analysis; and (5) the predetermined cutoff values

utilized to predict the CVD risk.
487

A meta-analysis of in-

dividual patient-level data which involved 16 prospec-

tive studies demonstrated a direct correlation between

the mean CIMT and a 16% increase in cardiovascular

risk.
488

However, no link was found between CIMT pro-
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gression and cardiovascular event occurrence.
488

In an-

other meta-analysis,
489

the added value of CIMT was

questioned. This study revealed a minimal net reclassifi-

cation improvement of only 0.8% when CIMT was incor-

porated into the 10-year Framingham risk score-based

predictive model for cardiovascular risk.
489

The question-

able predictive ability of CIMT progression along with

the debatable additional value of integrating CIMT into

traditional risk prediction models, diminishes the prior-

ity of including CIMT measurements in cardiovascular

risk evaluations.
24,64,490

Conversely, accumulating evidence from prospective

studies has identified the presence of carotid plaques as a

robust independent ASCVD risk factor, with significant ad-

ditive value for risk prediction models.
491,492

A meta-analy-

sis of 11 population-based studies with 54,336 patients

showed that the presence of carotid plaque assessed by

carotid ultrasound, compared with CIMT, had a higher

diagnostic accuracy for the prediction of future CAD

events.
492

Carotid plaques are characterized as having a lo-

cal thickness that exceeds the surrounding wall thickness

by at least 50%, or a distinct local thickness exceeding 1.5

mm, often protruding into the lumen, particularly at ca-

rotid bulbs.
493

According to the most recent guidelines

from the American Society of Echocardiography
494

for

evaluating carotid arterial plaques via ultrasound, carotid

plaques can be divided into three categories. Grade I refers

to protruding plaques with a CIMT of less than 1.5 mm.

Grade II comprises either protruding or diffuse plaques

with a CIMT of at least 1.5 mm but less than 2.5 mm.

Grade III includes either protruding or diffuse plaques

with a CIMT of 2.5 mm or more.
494

Overall, the presence

of carotid plaques has been shown to be more potent

than CIMT for predicting cardiovascular risks.

In addition to CIMT and the presence of carotid pla-

que, a low end-diastolic velocity in the common carotid

artery has been independently associated with future

cerebro-cardiovascular events in Taiwanese and Korean

populations.
495,496

Moreover, the Two-Township Study in

Taiwan demonstrated that end-diastolic velocity (< 15

cm/s) improved the prognostic power of future vascular

events (combined ischemic heart disease and stroke)

when added to traditional risk prediction models.
497

The-

refore, end-diastolic velocity measured by carotid ultra-

sound may provide additional predictive value for car-

diovascular events in selected patients.

Key Recommendations

� Using carotid ultrasound to evaluate the carotid pla-

que burden should be considered to enhance cardio-

vascular risk classification in selected patients (COR

IIa, LOE B).

� End-diastolic velocity in the common carotid artery (<

15 cm/s) measured by carotid ultrasound may be used

to improve the risk prediction of cardiovascular events

(COR IIb, LOE B).

� Routine CIMT screening by ultrasound to improve car-

diovascular risk stratification is not recommended (COR

III, LOE B).

3.2. Arterial stiffness (ArtS)

3.2.1. ArtS and ASCVD

ArtS results mainly from arteriosclerosis of central

arteries (principally a disease of the media) rather than

from atherosclerosis of peripheral arteries (mainly a dis-

ease of the intima). ArtS largely reflects gradual frag-

mentation and loss of elastin fibers and the accumula-

tion of stiffer collagen fibers in elastic arterial walls.
498

Elastic-type large arteries such as the aorta, carotid, and

iliac arteries are primarily affected, as opposed to large

muscular arteries such as the brachial, radial, and femo-

ral arteries.
499

A large number of studies have reported

that various physiological and pathophysiological condi-

tions are associated with increased ArtS.
500

In a longitu-

dinal study involving 1,518 community-dwelling persons

in Taiwan, MetS affected the progression to ArtS in 3

years follow-up.
501

In this study, ArtS progressed as the

number of MetS components increased.
501

Apart from

the dominant effects of BP and aging, other important

factors affecting ArtS include genetic background, car-

diovascular risk factors, end-stage renal disease
502

and

also chronic inflammatory diseases such as inflamma-

tory bowel disease.
503

3.2.2. ArtS as a risk enhancer

ArtS can be present even in the absence of tradi-

tional cardiovascular risk factors, and the loss of arterial

elasticity has been linked to the full spectrum of ASCVD.

Research indicates that ArtS precedes the typical and

overt symptoms of diseases by many years. The predic-

tive value of ArtS has been largely demonstrated. Recently,

numerous studies in patients with uncomplicated essen-
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tial hypertension
504,505

and the general population
506

have

prospectively validated the predictive value of ArtS. Of

note, central BP has been shown to be better than con-

ventional brachial BP to assess target organ damage and

long-term cardiovascular outcomes.
507,508

The major de-

terminant of central BP is increased ArtS, which is also

the dominant hemodynamic manifestation of arterial

aging. Furthermore, ArtS is a robust predictor of all-

cause and cardiovascular mortality, fatal and non-fatal

coronary events and fatal strokes,
509

and thus it can serve

as a surrogate marker for ASCVD events. Risk scores are

used in clinical decision-making but can under- or over-

estimate the risk. Of note, ArtS has been shown to be a

predictor of ASCVD events and mortality independently

of traditional risk factors. In addition, ArtS has been shown

to retain its predictive value for cardiovascular events

after adjusting for the Framingham Risk Score
510

or

SCORE,
511

supporting that it can add value to a combina-

tion of traditional risk factors. Recent studies and an in-

dividual data meta-analysis showed that patients at in-

termediate risk could be reclassified into a different risk

category when ArtS was measured.
506,511,512

In another

recently published individual data meta-analysis (n =

17,635 participants), the improvements in the 5-year

overall net reclassification for CAD and stroke that have

some clinical relevance, especially for those at interme-

diate risk.
509

These studies indicate that ArtS, an early

biomarker for ASCVD, is associated with the full spectrum

of ASCVD, and that it can serve as a valuable risk modi-

fier/enhancer in the setting of primary prevention. In

terms of risk reclassification and risk stratification, ArtS

has been even reported to be superior to carotid ultra-

sound or ABI.
500

In the setting of primary prevention, ArtS

reflects early morphological changes well before overt

disease manifests. This identification of subclinical dis-

ease may open a window of opportunity to prevent the

occurrence of clinical ASCVD disease with timely inter-

ventions.

3.2.3. Methodology and standardization of ArtS

measurements

Many non-invasive methods to measure ArtS have

been reported.
513

The most widely used and validated

techniques involve the assessment of pulse waves as

they travel over a significant portion of the arterial tree,

including carotid-femoral pulse wave velocity (cfPWV)

and brachial-ankle PWV (baPWV). The main differences

between methods are the arterial measurement sites

that vary from the central elastic aorta (cfPWV) to the

aorta and peripheral muscular arteries (baPWV). Euro-

peans favor cfPWV, whereas baPWV is favored in Asia.

In 3,034 Atherosclerosis Risk in Communities study par-

ticipants without CVD, cfPWV showed the strongest as-

sociation with CVD among different PWV measures over

a median follow-up of 4.4 years.
514

cfPWV is usually ob-

tained using surface tonometry probes at the right com-

mon carotid artery and the right femoral artery, and the

time delay (transit time) is measured between the two

waveforms. By directly reflecting central ArtS and having

the best predictive value for cardiovascular outcomes,

cfPWV is now considered the gold standard for assess-

ment in daily practice.
498

Reference values for cfPWV

have been established in 1,455 healthy subjects and a

larger population of 11,092 subjects with cardiovascular

risk factors.
515

Due to the fact that age and BP are major

determinants of PWV, a nomogram describing the corre-

lation of the variables is needed.
516

For ease of use in

daily practice, a threshold of 12 m/s was initially sug-

gested as a conservative estimate of significant alter-

ations in aortic function in middle-aged hypertensives,
517

however this value was subsequently revised in a recent

consensus document to 10 m/s.
518

An increase in cfPWV

by 1 m/s has been associated with age-, sex-, and risk

factor-adjusted risk increases of 15% in cardiovascular

mortality and all-cause mortality, respectively.
498

In Tai-

wan, baPWV, a composite of central and peripheral ArtS,

is primarily used to measure a longer arterial length.

The measurement of baPWV is easier than cfPWV, as it

only involves wrapping a pressure cuff around each of

the four exposed extremities without exposing the groin

region. baPWV was shown to be a useful predictor of

ASCVD in 4,881 Taiwanese subjects during voluntary

health examinations.
519

In addition, the J-BAVEL trial,

which included a total of 14,673 Japanese participants

without a history of ASCVD, reported that a higher baPWV

was significantly associated with a higher risk of CVD and

mortality, even after adjustments for conventional risk

factors.
520

Furthermore, the addition of baPWV to a mo-

del incorporating the clinical risk score significantly im-

proved the accuracy of the risk assessment for ASCVD.
520

Considering the results of published prospective studies,

a baPWV value of 1800 cm/s is used as a cutoff value in

Acta Cardiol Sin 2024;40:479�543 520

Ting-Hsing Chao et al.



the assessment of the ASCVD risk.
521

It has been reported

that each 100 cm/s increase in baPWV is associated with

a 13% increase in lethal cardiovascular events.
522

Of note,

the standardization of PWV measures must consider how

these procedures should be recorded in clinical practice.

Most importantly, we recommend that the measure-

ments are taken in a quiet and stable temperature envi-

ronment after 10 min of rest, avoiding smoking, caf-

feine, alcohol, and eating in the hours preceding the mea-

surement, and not speaking during the measurement.
523

Of note, each technique may have specific contraindica-

tions (e.g., significant carotid stenosis for cfPWV and PAD

for baPWV).

3.2.4. Strategies to improve ArtS

Lifestyle modifications, and in particular weight re-

duction,
524

smoking cessation,
525

aerobic exercise
526

and

sodium restriction,
527

appear to be clinically efficacious

therapeutic interventions for preventing and treating

ArtS. Pharmacological studies have shown that it is feasi-

ble to improve ArtS or to slow its progression with a few

medications. Recent studies and a meta-analysis of RCTs

have shown that statins can reduce ArtS by multiple me-

chanisms.
528,529

In a Chinese cohort study involving 5,105

participants, statin use was associated with slower pro-

gression of baPWV (-23.3 cm/s per year) compared with

non-statin using adults with high ASCVD risk.
530

As such,

statin therapy should be considered as a pharmacological

strategy to improve arterial elasticity. ArtS is closely and

bidirectionally related to BP, and is considered to be both

a cause and a consequence of hypertension. Importantly,

different antihypertensive drug classes may have differ-

ent effects on ArtS. Despite the decrease in BP, substan-

tial studies with diuretics and non-selective beta-blockers

did not show a decrease in ArtS.
531,532

A recent meta-

analysis of RCTs explored the effects of antihypertensive

agents on both central and peripheral systolic BP and

central augmentation index, and the results showed that

compared with older agents (diuretics, beta-blockers, or

�-blockers), the newer agents (renin-angiotensin system

inhibitors and calcium channel blockers) more efficaci-

ously reduced both central SBP and augmentation in-

dex.
533

An angiotensin-converting enzyme inhibitor tended

to be the most effective anti-hypertensive agent in a com-

parative study, suggesting a direct BP independent effect

of this drug class on arterial wall remodeling.
534

Similar

anti-stiffening effects have been reported after long-term

treatment with olmesartan, suggesting that renin-angioten-

sin system blockade exerts beneficial effects on ArtS.
535,536

Selected antihypertensive drugs (renin-angiotensin sys-

tem inhibitors and calcium channel blockers) can reduce

PWV beyond the BP-lowering effect, and have pleiotro-

pic beneficial effects on ArtS.
537

3.2.5. ArtS: from surrogate marker to therapeutic target?

Given the evidence supporting ArtS as an inde-

pendent risk factor for ASCVD and total mortality, some

studies including RCTs have assessed the potential of

PWV as a target for therapy and whether such a strategy

would result in better clinical outcomes. One study of

end-stage renal disease patients showed a better out-

come in those with decreased ArtS.
538

Recently, a multi-

center open-label RCT demonstrated that PWV-driven

treatment for hypertension enabled better BP control

and could prevent vascular aging in patients with hyper-

tension at medium to very high risk, compared with the

strict application of guidelines.
539

However, this study

lacked sufficient statistical power to demonstrate its pri-

mary outcome. More evidence is needed to determine

whether a PWV-guided therapeutic approach will be

beneficial to the prevention of ASCVD beyond current

strategies.

3.2.6. Clinical applications of ArtS in primary prevention

In 2013, the European Society of Hypertension and

ESC Guidelines for the Management of Hypertension in-

cluded cfPWV as an indicator of subclinical organ dam-

age.
540

The last published 2021 European Guidelines on

Cardiovascular Disease Prevention in Clinical Practice re-

cognized that ArtS can predict future ASCVD risk and im-

prove risk classification, but that its systematic use in the

general population is not recommended.
24

Asian hyper-

tension guidelines include recommendations about the

use of PWV for assessing ArtS. The 2018 Korean Society

Hypertension Guidelines recommend that PWV can be a

useful test at diagnosis, and that a cfPWV > 10 m/s or a

baPWV > 1800 cm/s can be considered as a subclinical

marker of organ damage.
541

Moreover, the 2019 Japa-

nese Society of Hypertension Guidelines for the Man-

agement of Hypertension state that cfPWV > 10 m/s is

an indicator of organ damage, and that it could also be

used as needed for further evaluation of risk assessment.
542
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In summary, as ArtS predicts ASCVD risk independently

of traditional risk factors, it has a significant impact on

decision-making in various clinical scenarios. As such,

PWV could be used effectively to improve referral deci-

sions to more centralized cardiac evaluations. This pro-

posed scenario is even more pertinent to patients with

DM, hypertension, and kidney dysfunction, in whom the

cardiovascular risk is higher.

Key Recommendations

� The cutoff value for risk assessment might be 10 m/s for

cfPWV or 1800 cm/s for baPWV, indicating subclinical

organ damage in primary prevention (COR IIa, LOE B).

� PWV, as a risk enhancer, should be helpful for clinical

decision-making to guide intensification of lifestyle

and pharmacological interventions or to choose fur-

ther testing in people at borderline to intermediate

risk (COR IIa, LOE A).

� PWV should be considered for clinical decision-mak-

ing to guide clinician-patient risk discussions in those

with DM, hypertension, and CKD, in whom the cardio-

vascular risk is higher (COR IIa, LOE B).

� PWV may be considered for clinical decision-making in

those with stage 1 hypertension (SBP 130-139 mmHg)

or those in whom the need to initiate pharmacologic

anti-hypertensive therapy is uncertain (COR IIb, LOE B).

3.3. ABI

ABI is a quick, simple and non-invasive test that mea-

sures the ratio of SBP at the ankle and the brachial ar-

tery in both arms and legs. A value of < 0.9 or � 1.3 is in-

dicative of PAD, which is caused by the narrowing or

blockage of the arteries that supply blood to the legs

and feet.
543

While ABI is primarily used for diagnosing

PAD, it has also been studied as a potential marker and

tool for screening and risk assessment of ASCVD.
544

Several studies have demonstrated that a low ABI is

related to an increased risk of total and cardiovascular

mortality, MI, and stroke. It is well established that PAD

is a risk factor for other ASCVDs, and that the risk is grea-

ter with more advanced PAD. From a systematic review

perspective, the specificity of a low ABI to predict future

cardiovascular outcomes is high, but its sensitivity is low.

ABI should be part of the vascular risk assessment strat-

egy in select individuals.
545,546

While ABI is categorized as having insufficient evi-

dence for screening and risk stratification of suspected

PAD without symptoms, numerous studies in diverse

populations have demonstrated an association between

low ABI and increased cardiovascular risk.
547

An analysis

of data from the 1999-2004 National Health and Nutri-

tion Examination Survey using the PCE for risk estima-

tion, two-thirds of the participants with a low ABI had

an intermediate or high risk of ASCVD.
548

In addition, a

low ABI was linked to higher all-cause mortality in the

overall cohort, and specifically among those with a bor-

derline/intermediate or high risk of ASCVD but not in

those with a low risk of ASCVD.
548

These studies suggest

that ABI should be considered as a risk enhancer in the

primary prevention of ASCVD in individuals classified as

having a borderline or intermediate risk of ASCVD.
80,548

Recent studies have shown that the incorporation of ABI

into the Framingham Risk Score is a cost-effective strat-

egy, particularly for women classified as having a low or

intermediate risk based on Framingham Risk Score

alone.
549

A wealth of local data support the use of ABI for

ASCVD risk assessment, with many studies demonstrat-

ing its predictive power across different specific groups.

For instance, one study found that either ABI alone or a

combination of ABI < 0.9 and ABI difference (calculated

as right ABI-left ABI) � 0.17 was a significant predictor of

overall and cardiovascular mortality.
550

The use of mean

arterial pressure instead of SBP in ABI calculations has

also been suggested to potentially enhance the accuracy

of mortality prediction.
551

In another study of type 2 DM

patients mostly without ASCVD, the use of the percent-

age of mean arterial pressure in combination with ABI

was shown to significantly improve the prediction of all-

cause mortality.
552

In addition, calculating ABI using DBP

and mean arterial pressure may provide additional bene-

fits in predicting survival in patients without known ASCVD

undergoing hemodialysis, especially those with normal ABI

by SBP.
553

In summary, local data support the usefulness

of ABI measurements in predicting ASCVD risk and mor-

tality in specific populations. The combination of ABI with

other measures, such as mean arterial pressure, may en-

hance its predictive power and provide additional bene-

fits in risk assessment. These findings highlight the im-

portance of ABI screening as a tool for ASCVD risk assess-

ment and the need for continued research to explore its

potential benefits in different patient populations.
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Key Recommendations

� ABI should be considered as a risk enhancer for the

primary prevention of ASCVD in individuals classified

as having a borderline or intermediate risk of ASCVD

(COR IIa, LOE B).

� ABI might be considered for cardiovascular outcome

assessment in specific populations at a high risk of

ASCVD, such as patients with DM or undergoing he-

modialysis (COR IIb, LOE C).

3.4. Biomarkers

3.4.1. Inflammatory biomarkers

Although elevated hsCRP levels are strongly associ-

ated with CVD events, the US Preventive Services Task

Force suggested that the available evidence is not suffi-

cient to evaluate the overall benefits and risks of incor-

porating hsCRP testing into the conventional assessment

of ASCVD in asymptomatic adults for preventing further

events.
364

Several inflammatory biomarkers have been investi-

gated. GlycA, a quantitative measurement of glycan N-

acetylglucosamine residues on enzymatically glycosy-

lated acute-phase proteins using nuclear magnetic reso-

nance, has been correlated with inflammation markers

including hsCRP and interleukin-6.
554

It exhibits better

precision than hsCRP in predicting ASCVD risk.
554

Large-

scale studies have shown that GlycA could independ-

ently predict future CVD events,
555-557

and that it was as-

sociated with subclinical atherosclerosis.
558,559

However,

further investigations are needed before recommending

it clinically, including establishing reference ranges.
554

In

addition, the accessibility of GlycA is limited compared

to CRP. The interpretation of dynamic inflammatory bio-

markers should consider the context and serial mea-

surements for identifying concerning trends.
554

Further-

more, myeloperoxidase, lipoprotein-associated phos-

pholipase A2, myeloid-related protein, lectin-like oxi-

dized low-density lipoprotein receptor-1, growth differ-

entiation factor-15, osteoprotegerin and osteopontin

have been studied as other potential inflammatory bio-

markers.
560,561

Currently, there is insufficient evidence to

include these inflammation-relevant biomarkers as risk

enhancers in the primary prevention of ASCVD,
560

even

though they may be helpful in identifying those at in-

creased ASCVD risk warranting greater efforts for risk re-

duction using existing therapies.
560

3.4.2. Metabolic biomarkers

Several metabolic biomarkers have been studied. Adi-

ponectin is reduced in obesity, and it improves insulin

sensitivity and reduces inflammation. In contrast, re-

sistin is elevated in obesity, and it promotes dysfunction

and inflammation. Adipokine dysregulation is linked to

DM and ASCVD independently of BMI.
562

Homocysteine,

ceramides, dimethylglycine, and choline have also been

investigated as other potential metabolic biomarkers.
561

However, measuring these biomarkers is mainly done in

research, not clinical practice. Further studies are ne-

eded to understand their role in ASCVD risk prediction

and treatment monitoring, considering their interplay

with lifestyle modifications and other factors.

3.4.3. Biomarkers of myocardial injury and wall stress

Previous studies have demonstrated the strong pre-

dictive ability of B-type natriuretic peptide level for CVD

outcomes. The Framingham Heart Study revealed a sig-

nificant association between plasma B-type natriuretic

peptide levels and first major CVD events.
563

Further-

more, a meta-analysis of 40 long-term prospective stud-

ies involving over 87,000 patients indicated that indivi-

duals in the highest B-type natriuretic peptide tertile had

a 2.8-fold greater risk of CVD events compared to those

in the lowest tertile.
564

Similar results have been observed

in the general population.
565

However, the improvement

in risk discrimination was only modest.
564

Cardiac troponin level has emerged as a critical com-

ponent of risk stratification for ACS. With the advent of

high-sensitivity assays, precise measurement of cardiac

troponin levels in healthy individuals has become possi-

ble.
566

Several recent studies have demonstrated a grow-

ing association between cardiovascular risk and elevated

cardiac troponin concentrations even within the normal

range.
567-569

However, the role of cardiac troponins in as-

sessing cardiovascular risk in asymptomatic populations

remains a topic of active discussion among experts.
24

There is an urgent need to improve cardiovascular risk

assessment in the general population by using cardiac

troponins, validate the threshold of these biomarkers in

those at high risk, and prove the utility of targeting

these high-risk individuals for primary preventive strate-

gies.
567
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3.4.4. Renal-related biomarkers

The presence of albuminuria has been linked to long-

term all-cause mortality, regardless of Framingham risk.
570

While the addition of a panel of renal biomarkers has been

explored for predicting risk, the benefits appear to be

limited when compared to using the Framingham Risk

Score alone.
570

Furthermore, in patients with CKD, high

levels of albuminuria, serum cystatin C, and fibroblast

growth factor-23, as well as low eGFR, have been shown

to increase CAC progression. These novel risk factors

have been shown to be independent of traditional CVD

risk factors.
571

3.4.5. Novel biomarkers

Novel biomarkers, including exosomes, microRNAs,

and genetic risk scores, have been investigated in the pri-

mary prevention of ASCVD.
572,573

By integrating our cur-

rent understanding of the molecular signatures in high-

dimensional molecular data acquisition platforms (such

as genome sequencing, epigenomic profiling, transcrip-

tomic analysis, proteomic studies, metabolomic investi-

gations, and gut microbiome characterization), it has be-

come possible to capture snapshots of every phase in

the development of ASCVD.
574,575

The future of cardio-

vascular medicine envisions precision medicine as a pro-

mising approach that has the potential to revolutionize

the management of CVD.

Numerous biomarkers have been proposed to en-

hance risk stratification, each with its own potential be-

nefits. Promising advancements have been made in the

field of cardiac biomarkers, yet further research is re-

quired to fully evaluate their efficacy.
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