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INTRODUCTION 

Antiarrhythmic drugs (AADs) are an important therapeutic 

modality for rhythm control in patients with cardiac ar-

rhythmias. In particular, atrial fibrillation (AF) has emerged 

as the most important arrhythmic disorder of the present 

era, as Korea is rapidly becoming an aging society. Because 

early rhythm control has shown favorable clinical outcomes 

compared with rate control in recent trials [1,2], the use of 

AADs is increasing rapidly. However, the clinical outcomes 

of management with AADs are not all roses. All AADs, like 

Review Article
Cardiovasc Prev Pharmacother 2023;5(1):1-14
eISSN 2671-700X
https://doi.org/10.36011/cpp.2023.5.e1

There are various types of adverse reactions to antiarrhythmic drugs (AADs). Proarrhythmia, which refers to an exacerbation of the 
preexisting arrhythmia or occurrence of a new arrhythmia, may occur under the therapeutic concentration of an AAD. Bradyarrhyth-
mia is the most common type of proarrhythmia due to AADs, and prior myocardial infarction and old age are known risk factors. Atri-
al flutter with 1:1 atrioventricular conduction usually occurs during rhythm control of atrial fibrillation with class IC AADs. QT prolon-
gation due to AADs, mainly class III AADs, elevates the risk of torsade de pointes by triggered activity due to early afterdepolarization. 
The addition of clinical factors that promote QT prolongation, such as hypokalemia, hypomagnesemia, female sex, and bradycardia, 
increases the risk of developing torsade de pointes. Proarrhythmic monomorphic ventricular tachycardia usually occurs as a result 
of slow conduction and disparity of refractoriness due to class IC AADs. In patients with preexisting left ventricular systolic dysfunc-
tion or structural heart disease, the risk of hypotension or cardiogenic shock caused by negative inotropic effects due to AADs 
should be considered. To prevent these major adverse reactions to AADs, we need to understand the electrophysiologic properties 
of AADs in detail. Furthermore, the risk of proarrhythmia could be heightened by interplay with clinical factors, such as electrolyte 
unbalances, heart rate, and hepatic/ renal or myocardial dysfunction. Sufficient awareness about drug-drug interactions, which may 
affect the metabolism of AADs, will improve patient safety during the management of arrhythmia. 
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all other medications, can cause several adverse reactions. 

It has a broad spectrum from self-limiting, mild adverse 

reactions to severe, fatal adverse reactions, including fatal 

arrhythmias. The definition of an adverse drug reaction is a 

significantly harmful or unpleasant response resulting from 

treatment with medication [3]. AADs are like double-edged 

swords—there is not only an antiarrhythmic effect, but also 

a proarrhythmic risk. Since proarrhythmia is often very fatal 

and is considered the most important category of adverse 

reactions to AADs, we focus on proarrhythmia in this paper. 

We also introduce major drug-drug interactions that affect 

https://doi.org/10.36011/cpp.2023.5.e1


the serum concentration of AADs and elevate the risk of ad-

verse reactions to AADs.  

CLASSIFICATION OF ANTIARRHYTHMIC DRUGS 

The Vaughan-Williams classification remains the most 

popular and familiar method of classifying AADs [4]. It has 

recently been expanded to include potential AADs [5], and 

class I to IV AADs remain the cornerstone of the manage-

ment of arrhythmic disorders. Another approach toward 

a new classification of AADs, called the Sicilian Gambit, 

increased the level of understanding of the mechanism 

of AADs and parameters associated with vulnerability to 

arrhythmias; however, it failed to lead to widespread accep-

tance and clinical use due to its complexity [6]. Each AAD 

has an additional mechanism of pharmacological action 

beyond its known major mode of action (Table 1) [6,7]. Fur-

thermore, the interplay between AADs and clinical environ-

ments leads to a difference in the degree of pharmacologic 

actions. Using AADs without a detailed understanding of 

these complexities may increase the occurrence of proar-

rhythmic adverse reactions. 

PROARRHYTHMIA 

Definition 

Proarrhythmia is defined as a progression of preexisting 

arrhythmia or the occurrence of a new arrhythmia resulting 

from therapy for arrhythmic control with medication of a 

clinically usually therapeutic, nontoxic concentration [8]. 

Antiarrhythmic drug-induced specific arrhythmias 

Bradyarrhythmia 
Bradyarrhythmia is known as the most common mani-

festation of proarrhythmia resulting from the use of AADs 

[9]. Bradyarrhythmia could occur due to suppression of 

automaticity of the sinoatrial node or conduction ability 

via the atrioventricular (AV) node and the His-Purkinje 

system. The incidence of bradyarrhythmia due to AADs is 

unknown. Previous myocardial infarction and old age have 

been suggested as risk factors for bradyarrhythmia in pa-

tients who have undergone rhythm control for AF [9]. The 

incidence of AF is much higher in older people, and physi-

cians frequently prescribe AADs for rhythm management 

in symptomatic paroxysmal AF patients with old age. Even 

in the absence of evidence of preexisting conduction sys-

tem dysfunction, we often meet patients who complain of 

faintness or syncope after treatment with AADs, which are 

Table 1. Classification and pharmacological properties of major AADs

Class Drug
Channel blockade Receptor blockade

Na+

Ca2+ K+ α β M2
Fast Medium Slow

IA Disopyramide ● ○

Procainamide ●

Quinidine ● ○

IB Lidocaine ○

Mexiletine ○

IC Flecainide ●

Propafenone ●

III Amiodarone ○

Dronedarone ○

Sotalol ● ●

The classification of antiarrhythmic drugs (AADs) according to Vaughan-Williams system and their effects on targets according to the Sicilian Gambit sys-
tem. Class I AADs are subdivided into three groups of actions characterized by fast (IB), medium (IA), and slow (IC) offset kinetics for recovery from the 
blockade. The relative potency is classified as high (filled circle), moderate (striped circle), or low (open circle).
α, α-adrenoceptor; β, β-adrenoceptor; M2, muscarinic receptor subtype 2.
Based on data from Dan et al. [7].
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suspected to be symptoms due to sick sinus syndrome or 

post-tachycardia pause. Therefore, AADs should be started 

at a low dose combined with periodic follow-up, especially 

in older patients. Cardiac death due to bradyarrhythmia is 

rare; however, pause-dependent torsade de pointes could 

occur, and traumatic hemorrhage due to loss of conscious-

ness is another fatal complication. 

Atrial flutter with 1:1 atrioventricular conduction 
Atrial flutter with 1:1 AV conduction can sometimes be 

observed when we try rhythm control therapy in patients 

with AF. Class IC AADs are used frequently in patients with-

out structural heart disease to treat AF or supraventricular 

tachycardia. Its known incidence rate during AF treatment 

with flecainide or propafenone is about 3.5% to 5.0% [7]. 

Class I AADs inhibit phase 0 depolarization by blocking 

sodium channels. These drugs make the conduction veloc-

ity slow in the heart. When a class I agent was used to treat 

atrial flutter, the flutter cycle length could be slowed, and 

this could occur in patients with AF as the AF organized to 

the atrial flutter. AV conduction via the AV node could be 

accelerated to 1:1 AV conduction due to the prolongation 

of the atrial flutter cycle length. In particular, class IC AADs 

bind to and dissociate from the sodium channel more slow-

ly than other class I AADs [10]. Therefore, use-dependency 

is a pharmacologic characteristic of class IC AADs, and the 

acceleration of AV conduction might occur more easily than 

in other class I AADs. Furthermore, the sodium channel 

blocking effect could also delay ventricular conduction 

via the bundle branch and muscle-to-muscle conduction. 

According to an animal study, conduction delay due to 

flecainide is more remarkably presented in the ventricular 

myocardium than in the Purkinje fibers [11]. This aberrant 

and delayed intraventricular conduction makes the QRS 

complex wide and bizarre, frequently resulting in a pattern 

that is difficult to distinguish from true ventricular tachycar-

dia. According to a recent report, the initial deflection of the 

QRS complex in lead V6 could be helpful for distinguishing 

between these arrhythmias [12]. Fig. 1 shows an example of 

atrial flutter with 1:1 AV conduction, which occurred during 

rhythm control with flecainide in a patient with paroxysmal 

AF. Due to this proarrhythmic risk, an AV nodal blocking 

agent should be used when we try to use AADs for rhythm 

control in cases of AF or atrial flutter. 

Sustained monomorphic ventricular tachycardia 
Sustained monomorphic ventricular tachycardia (VT) can 

occur as a complication of any type of AAD. However, the 

conduction-blocking effect due to class IC AADs is the most 

common pathophysiology of proarrhythmic monomorphic 

VT. The known predictors of sustained monomorphic VT 

are left ventricular systolic dysfunction and a history of 

undergoing rhythm control for ventricular tachyarrhyth-

mia [13,14]. However, Falk [15] have reported sustained VT 

cases related to flecainide use for rhythm control in patients 

with AF and normal left ventricular function. Josephson [16] 

suggested that this phenomenon potentially was reentrant 

VT due to slow conduction and a disparity of refractoriness 

in flecainide use. Of particular note, this use-dependent 

depression of conduction associated with a shortening 

of refractoriness could progress as a result of exercise or 

catecholamine use. As a result, sustained monomorphic 

VT could be more easily induced in those situations. The 

feature of proarrhythmic monomorphic VT due to flecain-

ide tends to appear in the form of a wide sine wave. Fig. 2 

shows an example of sustained monomorphic VT during 

treatment with flecainide, which occurred in a patient with-

out evidence of structural heart disease. This ventricular 

flutter-like tachyarrhythmia could be fatal and not be con-

verted to sinus rhythm by electrical cardioversion [16]. This 

proarrhythmic effect could be caused by a too rapid escala-

tion in the AAD dose. 

Torsade de pointes 
Torsade de pointes (TdP) is a very well-known life-threat-

ening ventricular tachyarrhythmia. This is polymorphic VT 

occurring at the prolonged QT interval, which has charac-

teristics of the QRS complex’s morphology with alternating 

electric polarity and amplitude, and the peak of the QRS 

complex appears to be twisting around the isoelectric line. 

TdP is usually short-lived; however, multiple episodes of 

TdP could degenerate into ventricular fibrillation [17]. 

Among the AADs, class IA or Ⅲ drugs, which block outward 

potassium currents during the phase 3 period of the action 

potential, are commonly associated with TdP. These agents 

lead to the prolongation of the action potential duration, 

especially the repolarization period [18], and the QT pro-

longation is markedly aggravated at the following beat im-

mediately after a post-ectopic pause or a long R-R interval 

[19]. This results in intracellular calcium overloading due 

Antiarrhythmic drugs and adverse effects
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Fig. 1. Atrial flutter with 1:1 atrioventricular conduction. (A) This 51-year-old male patient was transferred due to wide QRS complex 
tachycardia. He had been treated with flecainide and verapamil due to paroxysmal atrial fibrillation. (B) The tachycardia was not ter-
minated by adenosine, and the rhythm postadenosine infusion was compatible with typical atrial flutter. Subsequently during catheter 
ablation for his atrial fibrillation, atypical atrial flutter was induced by burst pacing under intravenous flecainide infusion. (C) The QRS 
complex morphology of the induced atrial flutter was the same as that of the initial electrocardiography of wide QRS tachycardia. This 
could be accepted as a finding providing further support that (A) the QRS widening of electrocardiography occurred by aberrant con-
duction, affected by flecainide. 

AA

BB

CC
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to the prolonged plateau phase, and augmented calcium 

influx might have a crucial role in the initial mechanism of 

TdP, which is activity triggered by early afterdepolarization 

[20]. When other factors, such as hypokalemia, hypomag-

nesemia, female sex, bradycardia, and renal failure, are su-

perimposed on the QT prolongation due to AADs, the risk 

of TdP is increased [20,21]. Therefore, we usually encounter 

TdP cases in patients with chronic wasting conditions who 

have undergone treatment in the intensive care unit, with 

the frequent use of diuretics and AADs for AF. 

Interestingly, the risk of TdP in patients who take 

amiodarone is relatively low despite the degree of QT pro-

longation (Table 2) [8]. However, for sotalol, the incidence 

of TdP is more than 5% at doses of more than 320 mg/day 

[18]. This means that the mechanism of the prolongation of 

the repolarization period might be more important than the 

degree of the prolongation of the QTc interval. Although it 

is still unclear, the low risk of TdP in amiodarone might be 

explained by its blocking effects on multiple ionic currents 

and unremarkable increment of QT dispersion [22,23]. 

Furthermore, reverse use-dependence is characteristic of 

sotalol, in contrast to amiodarone. The β-blocking effect 

combined with the reverse use-dependence of sotalol can 

provoke marked QT prolongation in the diastolic peri-

od, especially during bradycardia, and elevate the risk of 

TdP. In contrast, prolongation of the action potential by 

amiodarone at normal and fast heart rates is similar be-

cause its action is less time-dependent and voltage-depen-

dent; that is, reverse use-dependence is not characteristic of 

amiodarone [24]. Self-terminating TdP with recurrent syn-

cope in patients who take quinidine for the management 

of AF was first reported by Selzer and Wray [25]. This is also 

Fig. 2. Monomorphic ventricular tachycardia. This 44-year-old female patient underwent cavotricuspid isthmus ablation and implanta-
tion of a permanent pacemaker (DDDR mode) due to typical atrial flutter and sick sinus syndrome. She had taken flecainide (50 mg 
twice daily), and diltiazem (30 mg twice daily) due to paroxysmal atrial fibrillation. She visited the emergency room due to palpitation. 
Her blood pressure was 90/60 mmHg. (A) Initial electrocardiography showed wide QRS tachycardia of 180 beats/min. The tachycar-
dia was not responsive to intravenous adenosine, and electrical cardioversion was performed for sinus conversion. (B) Interrogation of 
the pacemaker showed that the clinical tachycardia was compatible with ventricular tachycardia. The morphology of the QRS complex 
during tachycardia resembles a sine wave. 

AA

BB
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named “quinidine syncope” and usually occurs within 1 

to 3 hours after the last dose. Quinidine syncope could be 

life-threatening and is associated with significant QT pro-

longation. The QT prolongation could be aggravated due 

to the reverse use-dependence of its outward potassium 

current inhibition [24]. Meanwhile, TdP may occur due to 

an idiosyncratic reaction at low dosages and concentrations 

of quinidine [18]. Dronedarone also causes prolongation 

of the QT interval as a class III AAD; however, the degree of 

QT prolongation is modest at a daily dose of 800 mg [26], 

and reported TdP cases are extremely rare according to the 

results of clinical trials [27,28]. 

Ventricular fibrillation 
Ventricular fibrillation (VF) during rhythm management 

with AADs was evaluated intensively in the 1980s [29,30]. 

Left ventricular systolic dysfunction was identified as a 

risk factor for AAD-associated VF [30]. In those studies, the 

AADs that provoked VF were class IA agents, such as pro-

cainamide, quinidine, and disopyramide. In the present 

clinical practice of the management of tachyarrhythmia, 

the clinical indication of these class IA AADs is very narrow, 

and these AADs are not available in clinical practice in Ko-

rea, except for quinidine. 

Sodium channel blockers, including class IC, ajmaline, 

and procainamide can induce Brugada-pattern electro-

cardiography (ECG) in patients with normal pretreatment 

ECG. A drug-induced Brugada pattern may be observed 

more frequently during the treadmill test, and the patients 

with this change are usually asymptomatic. However, VF 

and sudden cardiac death could still occur, so the offending 

drug should be discontinued [31]. 

Interplay with extraneous factors 

The risk of proarrhythmic effects of AADs could be height-

ened in certain clinical environments. The serum concen-

tration of AADs varies depending on drug metabolism. 

Therefore, the renal and/or hepatic excretion of a specific 

medication or numerous drug-drug interactions could 

elevate the risk of proarrhythmia [8]. Sotalol should be 

prescribed cautiously in patients with renal insufficiency, 

and the use of lidocaine in the presence of severe hepatic 

dysfunction may elevate the risk. The details of drug-drug 

interactions will be discussed below. The concomitant 

presence of hypokalemia or hypomagnesemia elevates the 

risk of TdP. Hyperkalemia decreases conduction velocity 

and promotes bradycardia due to dysfunction of the si-

noatrial node and/or AV node. During a rapid heart rate, 

the pharmacological effect of class IC AADs is exaggerated 

due to their unique pharmacokinetic feature, which is slow 

binding to and dissociation from the sodium channel [32]. 

In contrast, reverse use-dependency is characteristic of 

class IA AADs and sotalol; therefore, the use of these agents 

should be avoided in patients with advanced bradycardia 

to reduce the risk of QT prolongation and TdP [24]. Addi-

tionally, all class I AADs should be avoided in patients with 

myocardial ischemia to reduce mortality due to arrhythmia 

[33]. 

Table 2. Proarrhythmic effects of antiarrhythmic drugs
Variable TdP VFa) VTa) AFL 1:1 AV conduction Bradyarrhythmia
Procainamide 1%–2% ++ + + +
Quinidine 0.02 ++ + ++
Lidocaine Rare Rare Rare Rare
Mexiletine Rare Rare Rare
Propafenone Rare + ++ +++ ++
Flecainide Rare + ++ +++ ++
Sotalol 2%–5% + + + +++
Amiodarone <1% + + + +++

TdP, torsade de pointes; VF, ventricular fibrillation; VT, ventricular tachycardia; AFL, atrial flutter; AV, atrioventricular; +, frequency of occurrence relative to 
other drugs.
a)Most common in patients with structural heart disease and/or preexisting ventricular arrhythmias.
Adapted from Friedman and Stevenson [8] with permission from Elsevier.
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NEGATIVE INOTROPIC EFFECTS 

Most AADs have a negative inotropic effect; however, 

whether a clinically significant negative inotropic effect is 

overt may vary depending on multiple variables, such as 

underlying structural heart disease or myocardial function 

and the loading conditions of the AAD [34,35]. Therefore, 

the hemodynamic result of a given AAD could be different 

according to the tested conditions. Besides, the evidence 

is relatively weak to discuss the negative inotropic effect of 

AADs in detail and the results of animal studies are not al-

ways correlated to the results of clinical studies. That is, it is 

difficult to summarize the negative inotropic effect of AADs.  

Class IC AADs, flecainide and propafenone, which have 

a strong sodium channel-blocking effect, decrease cardi-

ac contractility. It is also known that propafenone has a 

β-blocking effect. This is related to the alteration of sodium/

calcium inter-dependence and a decrease in intracellular 

calcium [7]. Class IC AADs should not be used in the pres-

ence of structural heart disease, especially ischemic cardio-

myopathy [33]. 

Sotalol inhibits rapid delayed rectifier potassium current 

(Ikr). Sotalol could aggravate heart failure. According to a 

prior study that evaluated 3,257 patients treated for arrhyth-

mias, heart failure occurred in 3.3% of patients during a me-

dian of 156 days of follow-up [36]. Heart failure was more 

prevalent in patients with a prior history of heart failure, 

cardiomyopathy, or structural heart disease. 

Amiodarone has a minimal effect on the left ventricular 

ejection fraction (LVEF) in patients with near-normal or 

normal LVEF [34]. Rather, a study showed that the LVEF 

slightly increased due to reduced afterload by a vasodilatory 

effect [37]. Amiodarone is widely used as the safest possible 

AAD in patients with structural heart disease and heart fail-

ure with and without atrial or ventricular tachyarrhythmia. 

However, caution is necessary because slight reductions of 

the LVEF could occur in patients with systolic dysfunction 

or structural heart disease, especially when intravenous 

(IV) amiodarone is infused at a high dose [38]. Several case 

reports have described cardiogenic shock after an IV bolus 

injection in patients with left ventricular systolic dysfunc-

tion [39,40]. Hypotension caused by IV amiodarone may 

be partially explained by the cosolvents (polysorbate 80 or 

benzyl alcohol), used when amiodarone is prepared in an 

IV formulation [41]. 

Several studies that enrolled populations including pa-

tients with heart failure evaluated the clinical outcomes 

of dronedarone [42,43]. These studies showed that drone-

darone increased the rate of heart failure and cardiovas-

cular death. Therefore, dronedarone should not be used 

in patients with unstable conditions, with prior or current 

heart failure or systolic dysfunction [7]. Although the elec-

trophysiological mechanism of dronedarone is similar to 

that of amiodarone, the difference in mortality in patients 

with heart failure seems to be explained only by a reduction 

in free intracellular calcium and amplitude of contraction, 

which was demonstrated in an experiment with a guinea 

pig ventricular cell model, because the experimental evi-

dence is limited [44]. 

DRUG INTERACTIONS AND ADVERSE EFFECTS OF 
SPECIFIC ANTIARRHYTHMIC DRUGS 

Herein, we focus on the AADs that are available in present 

clinical practice in Korea. Table 3 summarizes the adverse 

effects of major AADs and the precautions required to mini-

mize the adverse reactions during treatment. 

Flecainide 

Because flecainide is mainly metabolized with hepatic hy-

droxylation via cytochrome P450 (CYP) 2D6 isoenzyme, 

we should consider the risk of adverse reactions due to 

over-concentration with concomitant administration of 

other medications that could modulate the CYP isoenzyme. 

Several selective serotonin reuptake inhibitors, including 

paroxetine and fluoxetine, can increase the plasma con-

centration of flecainide by CYP2D6 inhibition [45]. Among 

the various β-blockers, the concomitant use of propranolol 

with flecainide could elicit synergistic hypotension, which 

was not reported with other β-blockers [46]. The concomi-

tant use of amiodarone increases the mean dose-adjusted 

plasma level of flecainide by up to 50% [47]. Serum digoxin 

concentration increased by 24% when flecainide is coad-

ministered [46]. Flecainide is excreted unchanged in urine 

at about 35%, and dose reduction should be applied in 

patients with a glomerular filtration rate (GFR) <35 mL/

min/1.73m2 [7]. Infrequently, neutropenia, hepatotoxicity, 

and impotence could occur [48–50]. 

Antiarrhythmic drugs and adverse effects
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Propafenone 

Extensive first-pass metabolism by CYP2D6 is the pharma-

codynamic characteristic of propafenone. When warfarin is 

administered with propafenone, the warfarin concentration 

is elevated by 38% due to an unknown mechanism; there-

fore, an approximately 33% dose reduction of warfarin and 

follow-up of the international normalized ratio should be 

applied [51]. Serum digoxin concentration increases by 60% 

when propafenone is coadministered [52]. Hepatotoxicity 

and lupus-like syndromes are reported as potential adverse 

reactions to this AAD [50,53–55]. 

Amiodarone 

Amiodarone has a remarkably long half-life of 55 days [56]. 

Amiodarone is usually metabolized by CYP3A4, and it is a 

potent inhibitor of many CYP enzymes, including CYP2C9 

and CYP2D6 [57]. Therefore, drug-drug interactions should 

be considered whenever concomitant medical treatment is 

administered. Inhibition of CYP2C9 increased the warfarin 

concentration [58]. A reduced dose of warfarin according 

to the dose of amiodarone should be applied, and periodic 

follow-up of the international normalized ratio needs to be 

performed [59]. Cyclosporine coadministration leads to an 

increase in the serum cyclosporine concentration by inhib-

iting CYP3A4; therefore, dose reduction of cyclosporine is 

needed, by about 50%, and the drug concentration should 

be regularly monitored [60]. Amiodarone inhibits the me-

tabolism of several statins, including simvastatin and lovas-

tatin, via the inhibition of CYP3A4, increasing the likelihood 

of statin toxicity [57]. 

When we prescribe amiodarone to patients with arrhyth-

mia, attention should be paid to the risk of adverse effects 

related to the AAD. Most of the adverse effects related to 

amiodarone are known to be dose related. The 1-year risk of 

pulmonary toxicity due to amiodarone is reported as about 

1% [61]. Furthermore, 5% to 10% of them manifest as fatal 

situations [62]. The underlying mechanisms of pulmonary 

toxicity were reported as results of direct cellular toxicity, 

phospholipidosis, immune reactions, and oxidative stress. 

Fig. 3 shows a case of a patient with amiodarone-induced 

pulmonary toxicity. Hyperthyroidism and hypothyroid-

ism could all occur due to amiodarone. The onset is not 

usually dose related, and most patients remain euthyroid. 

If clinically indicated, a continuation of amiodarone com-

bined with hormonal replacement or antihyperthyroid 

management with methimazole or propylthiouracil would 

be considered. Photoallergic and phototoxic skin reactions 

could occur related to amiodarone; these are explained by 

its strong lipophilicity and affinity to the cell membrane. 

Therefore, patients should be informed of the need to 

Table 3. Summary of adverse effects of major antiarrhythmic drugs and precautions during treatment
Drug Adverse effect Precaution
Flecainide AFL with 1:1 AV conduction, bradyarrhythmia, sustained 

monomorphic VT, conduction velocity slowing, widening of 
QRS complex, negative inotropic effect, hepatotoxicity

Contraindication (structural heart disease, ischemic heart 
disease), DDI with CYP2D6 inhibitors (SSRI, amiodarone), 
synergistic hypotension combined with propranolol, dose 
reduction during combined with digoxin or amiodarone, 
and when GFR <35 mL/min/1.73m2

Propafenone AFL with 1:1 AV conduction, bradyarrhythmia, sustained 
monomorphic VT, conduction velocity slowing, widening of 
QRS complex, negative inotropic effect, hepatotoxicity

Contraindication (structural heart disease, ischemic heart 
disease), dose reduction during combination with warfarin 
or digoxin

Amiodarone QT prolongation, TdP, bradyarrhythmia, extracardiac toxicity 
(liver, lung, eye, thyroid)

DDI with CYP3A4 inhibitors (cyclosporine, some statins such 
as lovastatin or simvastatin), dose reduction during com-
bining with warfarin or digoxin

Dronedarone Bradyarrhythmia, QT prolongation, gastrointestinal adverse 
effect, fatigue, asthenia, hepatotoxicity

Contraindication (heart failure with EF<40%, combining 
with antifungal and macrolide antibiotic agents), DDI with 
CYP3A4 inhibitors (verapamil/diltiazem), dose reduction of 
digoxin, edoxaban, or dabigatran during concomitant thera-
py, avoid combining of rivaroxaban when CrCl <80 mL/min

Sotalol QT prolongation, TdP, bradyarrhythmia, adverse effect relat-
ed with β-blocking effect (fatigue, weakness, dizziness)

Dose reduction in patients with renal insufficiency (half-dose 
in patients with chronic renal insufficiency, 25% dose when 
GFR <30 mL/min/1.73m2)

AFL, atrial flutter; AV, atrioventricular; VT, ventricular tachycardia; DDI, drug-drug interaction; CYP, cytochrome P450; SSRI, selective serotonin reuptake in-
hibitor; GFR, glomerular filtration rate; TdP, torsade de pointes; EF, ejection fraction; CrCl, creatinine clearance.
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Fig. 3. Amiodarone-induced pulmonary toxicity. (A) Chest radiography and (B) a high-resolution computed tomography of a 58-year-
old male patient with amiodarone-induced pulmonary toxicity. This patient with persistent atrial fibrillation had been treated with oral 
amiodarone. (A) Chest radiography was performed due to mild dyspnea during exertion, and increased opacity in the right middle and 
lower lung fields was observed. (B) Diffuse peribronchial consolidations with ground-glass opacity and nodular density at both lung 
fields were detected on computed tomography.

Table 4. Recommended testing for monitoring of toxicities in patients receiving amiodarone
Type of test Monitoring
Thyroid function test (free T4 and TSH) Baseline and every 6 mo
Liver function test Baseline and every 6 mo
Chest X-ray Baseline and then yearly
Pulmonary function test (including DLCO) Baseline and repeat if there is a clinical concern for pulmonary toxicity
Ophthalmologic evaluation At baseline, if visual impairment
Electrocardiogram Baseline and every year (at least)

TSH, thyroid stimulation hormone; DLCO, diffusion capacity of carbon monoxide.
Based on data from Goldschlager et al. [65].

apply sunblock. Blurred vision due to corneal microde-

posits, known as vortex keratopathy, is usually a reversible 

adverse effect. A transient elevation of serum aminotrans-

ferase could be observed in about 25% of patients [63]. 

Amiodarone-related liver injury is considered to be an idio-

syncratic phenomenon due to direct hepatotoxicity, and it 

is usually benign and asymptomatic. According to the post 

hoc data from the DIONYSOS trial, the frequency of liver 

enzyme elevation was comparable between amiodarone 

and dronedarone [64]. Therefore, routine monitoring of 

liver toxicity is required. Central nervous system symptoms, 

such as tremors, ataxia, insomnia, and/or vivid dream, 

and peripheral neuropathic symptoms could occur. The 

Heart Rhythm Society recommends the serial monitoring 

of amiodarone-related adverse reactions as Table 4 [65]. 

High-resolution computed tomography of the lung is rec-

ommended if the clinical suspicion of pulmonary toxicity is 

present, such as unexplained cough or dyspnea, especially 

in patients with underlying lung disease [65]. 

Dronedarone 

Dronedarone, a benzofuran derivative, is a chemical ana-

log of amiodarone without iodine-related adverse effects. 

AA BB
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However, it is still lipophilic and is metabolized by CYP3A4 

like amiodarone. When combining moderate CYP3A4 in-

hibitors, such as verapamil and diltiazem, the dronedarone 

concentration is increased by 1.4-fold to 1.7-fold [66]. Potent 

CYP3A4 inhibitors, such as antifungals and macrolide an-

tibiotics, should not be coadministered with dronedarone 

because of the risk of adverse effects due to elevation of 

serum concentrations [67]. Moreover, since dronedarone 

is a P-glycoprotein (P-gp) inhibitor, it can increase the con-

centration of digoxin and dabigatran during concomitant 

treatment [67]. Reduction of the digoxin dose by half is 

recommended to avoid adverse effects [68]. A reduced dab-

igatran dose of 75 mg twice daily should be administered 

in patients with creatine clearance (CrCl) between 30 and 

50 mL/min, and coadministration of dabigatran should 

be avoided if CrCl is less than 30 mL/min [69]. The dose of 

edoxaban, which is a strong P-gp inhibitor, is recommended 

to reduce by 50% when edoxaban is used with dronedarone 

[70]. Because rivaroxaban induces the inhibition of P-gp 

and CYP3A4, considerable interactions with dronedarone 

could be expected. Although there are limited safety data, 

the combined use of rivaroxaban should be avoided if the 

CrCl is less than 80 mL/min [71,72]. 

Physicians sometimes encounter patients complaining 

of gastrointestinal adverse reactions, including abdominal 

pain, dyspepsia, diarrhea, nausea, and vomiting, during 

treatment with dronedarone. Fatigue and asthenia are also 

reported adverse effects [64]. Although there was a report 

of acute liver failure in dronedarone-prescribed patients in 

2011, subsequent data consistently suggested that the risk 

of hepatic injury associated with dronedarone is lower or 

comparable to the risk of other AADs [64]. 

Sotalol 

Sotalol is a racemic mixture of the l-isomer, with β-block-

ing activity and class III activity, and the d-isomer, which 

only exerts class III activity, inhibiting Ikr [73]. This AAD has 

much simpler pharmacokinetics than amiodarone due to 

its predominantly renal metabolism; therefore, it is relative-

ly free from drug-drug interactions via the hepatic CYP co-

enzyme. This hydrophilic β-blocker is excreted unchanged 

in the urine and should be avoided in patients undergoing 

hemodialysis. Dose reduction to 50% is recommended in 

patients with chronic renal insufficiency and 25% in those 

with severe renal disease (GFR <30 mL/min/1.73m2) to 

prevent proarrhythmic events [7]. Sotalol has a β-blocking 

effect with a potency of about one-third that of propranolol 

[74]. Its known adverse effects are usually similar to the ad-

verse reactions related to other β-blockers, such as fatigue, 

dizziness, and dyspnea, without evidence of organ toxicity. 

Lidocaine 

Hepatic metabolism via CYP1A2 is the main process of li-

docaine elimination [75]. Conditions that decrease hepatic 

blood flow include cardiogenic shock and severe liver dis-

ease, and concomitant treatment with CYP3A4 inhibitors, 

such as erythromycin, could elevate the lidocaine levels 

and exacerbate the risk of adverse reactions [76]. Central 

nervous system toxicity is the major adverse effect of IV 

lidocaine. Tremor, dysarthria, lightheadedness, agitation, 

hallucinations, and personality change can occur. These ad-

verse effects are usually dose-dependent and resolve after 

discontinuation of the agent [77]. 

Quinidine 

Quinidine has a relatively narrow clinical indication as an 

AAD in recent clinical practice and is usually prescribed in 

patients with Brugada syndrome, short QT syndrome, or 

idiopathic VF. Quinidine is mainly metabolized by CYP3A4 

[78]. The coadministration of itraconazole can significantly 

elevate the serum quinidine concentration [79]. Quini-

dine can increase the concentration of propranolol via the 

suppression of CYP2D6; therefore, reducing the dose of 

propranolol should be considered to reduce the risk of aug-

mented beta-blocking effects during concomitant treatment 

[80]. Gastrointestinal symptoms, including diarrhea, are 

the most common adverse reaction. Tinnitus, hearing loss, 

dizziness, visual disturbance, and psychosis, also known as 

cinchonism, could occur. Immune-mediated fever, hemo-

lytic anemia, thrombocytopenia, and leukopenia have also 

been reported [81]. 

CONCLUSIONS 

Most AADs could have multiple effects on channels, re-

ceptors, and pumps and also alter the hemodynamics and 

autonomic nervous system. The multiple electrophysiologic 
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actions of AADs interacting with the variable underlying 

substrates present in each patient determine whether the 

clinical effect will be proarrhythmic or antiarrhythmic. Re-

ducing adverse reactions to AADs requires an in-depth un-

derstanding of AADs, including their electrophysiological 

properties and drug-drug interactions with concomitantly 

used drugs, as well as careful monitoring. 
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Background: The COVID-19 pandemic has been the most pressing health challenge in recent years. Meanwhile, prevention for other dis-
eases, such as cardiovascular disease (CVD) has been less prioritized during the pandemic. COVID-19, a novel infectious disease, both had 
a direct impact on public health and provoked changes in health-related behaviors, including those for CVD prevention. This study sought to 
examine changes in CVD-related health behaviors during the COVID-19 pandemic and related sociodemographic factors. 
Methods: We used data from the Cardiovascular Disease Prevention Awareness Survey conducted in Korea in June 2022. A total of 2,000 
adults across Korea’s 17 provinces completed a structured questionnaire online or on a mobile device. Self-reported changes in CVD-relat-
ed health behaviors were investigated. We used unadjusted and adjusted logistic regression models to explore the associations between 
negative changes and sociodemographic factors. 
Results: In smoking, drinking, and healthcare service use, the proportion of those with positive changes surpassed the proportion of re-
spondents who reported negative changes. In contrast, negative changes predominated for diet, exercise, and stress. Most individuals 
(52.6%) reported a deterioration of psychological distress. These negative changes were significantly associated with age, sex, marital sta-
tus, and the presence of cardiometabolic disease. 
Conclusions: The COVID-19 pandemic has affected CVD-related health behaviors. Based on these changes, CVD prevention should be en-
couraged with appropriate and prioritized strategies. 
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INTRODUCTION 

The COVID-19 pandemic has been the most significant 

issue in global public health in recent years [1]. The disease 

both had a direct impact on public health and provoked 

changes in health-related behaviors, such as lifestyle and 

healthcare service use [2]. In particular, long-term pre-

vention for other diseases, such as cardiovascular disease 

(CVD), was less prioritized than this impending health 

emergency [3]. For instance, there were fewer hospitaliza-

tions for myocardial infarction, and cardiac catheterization 

decreased by 38% in the United States during the pandem-

ic [4]. These changes were attributable to reductions in 

healthcare service use, resulting from stay-at-home man-

dates, public hesitation to visit hospitals, and the concen-

tration of health-related resources on COVID-19 [5]. 

The reduction in CVD hospitalization and treatment 

did not necessarily indicate a decreased burden of CVD; 

rather, CVD has continued to be the disease with the larg-

est burden worldwide [6]. In Korea, stroke and ischemic 

heart diseases were the leading cause of mortality even 

after 2020, when the pandemic began to sweep through 

the country [7]. Physical inactivity and excessive body 

weight, which increased the risk of CVD before COVID-19, 

remained unmodified during the pandemic [8]. In fact, the 

containment measures for COVID-19 were likely to hinder 

the modification of these determinants of CVD. In addi-

tion, a considerable body of research reported that patients 

with underlying CVD showed a higher likelihood of severe 

respiratory complications and mortality from COVID-19 

[2,9]. A study in Louisiana, USA, illustrated the associa-

tion between cardiometabolic disease and mortality from 

COVID-19 [2]. As the COVID-19 pandemic is prolonged, an 

emphasis on CVD prevention may reduce both the harm 

from this communicable disease and the burden of CVD in 

the future. Thus, this study sought to examine changes in 

health-related behaviors during the pandemic and related 

sociodemographic factors, as part of an investigation ex-

ploring public awareness of CVD and its prevention. 

METHODS 

Data source 

This study employed data from the Cardiovascular Dis-

ease Prevention Awareness Survey. The survey was con-

ducted by the Korean Society of Cardiovascular Disease 

Prevention (KSCP) in June 2022 to examine the level of 

public awareness of CVD. A stratified sampling design 

was used on the basis of age and sex. A total of 2,000 

adults across Korea’s 17 provinces completed a structured 

questionnaire online or on mobile devices. 

Questionnaires and variables 

The structured web-based questionnaire comprised five 

factors (31 items): sociodemographic characteristics, the 

presence of cardiometabolic disease, CVD concern and 

self-assessed CVD likelihood, awareness and practice of 

CVD prevention, and changes in health behaviors after 

COVID-19. 

Changes in health behaviors after the COVID-19 out-

break were investigated through the following question: 

“The items below are lifestyle patterns known to be re-

lated to cardiovascular health. How has your lifestyle 

changed during the COVID-19 pandemic?” The CVD-re-

lated health behaviors were based on the guideline for 

CVD prevention published by the Korea Disease Control 

and Prevention Agency (KDCA) [10]. Six behaviors were 

investigated: (1) the frequency and amount of smoking; 

(2) the frequency and amount of drinking; (3) compli-

ance with a healthy diet; (4) the frequency and amount 

of physical activity; (5) stress and mental health; and (6) 

healthcare service use and the management of symp-

toms or diseases [10]. Respondents rated their changes 

on a 5-point scale (very negative, somewhat negative, no 

change, somewhat positive, very positive). We merged 

the responses into three categories: negative change, no 

change, and positive change. 

Respondents’ sociodemographic data were also col-

lected: age, sex, marital status (single, married, bereaved/

separated/ divorced), monthly household income (less 

than KRW 3 million, KRW 3 to 6 million, more than KRW 

6 million), and educational attainment (middle school or 

less, high school, college or more). We also asked whether 

respondents had been diagnosed with coronary heart dis-

ease, cerebrovascular disease, hypertension, diabetes, or 

dyslipidemia, which were referred to as cardiometabolic 

diseases. 
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Statistical analyses 

Sociodemographic characteristics and behavior changes 

after COVID-19 are presented as frequency (%). Since 

public awareness and health-related behaviors are an-

ticipated to be different between those with and without 

cardiometabolic disease, we stratified participants ac-

cordingly and analyzed the resulting two groups along 

with the total study population. For the association 

between negative behavioral changes and sociodemo-

graphic factors, we used univariate and multivariate 

logistic regression models. In the univariate model, age 

(10-year groups), sex, marital status, education, monthly 

household income, and the presence of cardiometabolic 

disease were independently regressed. In the multivariate 

model, all sociodemographic factors in this study were 

included for each behavioral change assessed by the cor-

responding six items. All analyses were carried out using 

SAS ver. 9.4 (SAS Institute Inc). 

RESULTS 

Behavioral changes after COVID-19 

Table 1 shows sociodemographic features and changes in 

CVD-related behaviors during the COVID-19 pandemic. 

The proportion of those with positive changes surpassed 

that of participants with negative changes in smoking, 

drinking, and healthcare service use; in particular, 30.6% 

of respondents self-reported a decreased frequency and 

amount of smoking during the COVID-19 pandemic, 

whereas 7.5% described a negative change. In contrast, 

health behaviors related to diet, exercise, and stress were 

aggravated more frequently than they improved; for in-

stance, 52.6% of participants reported higher stress and 

poorer stress management than before the pandemic, 

and only 11.4% said that their stress level had improved. 

Fig. 1 depicts these changes according to the pres-

ence of cardiometabolic disease. Overall, the two groups 

showed similar patterns of predominant changes for each 

behavior. However, the magnitude of changes in smoking, 

drinking, diet, and healthcare service use showed statis-

tically significant differences, and those with cardiomet-

abolic disease showed a higher prevalence of positive 

changes than those without. 

Table 1. General characteristics of the survey participants (n=2,000)
Characteristic No. (%)
Sociodemographic feature
 Age (yr)
  50s or more 578 (28.9)
  40s 542 (27.1)
  30s 446 (22.3)
  20s 434 (21.7)
 Sex
  Female 975 (48.8)
  Male 1,025 (51.2)
 Marital status
  Married 1,097 (54.9)
  Single 810 (40.5)
  Bereaved, separated, or divorced 93 (4.7)
 Education
  College, university, or more 1,594 (79.7)
  High school 393 (19.7)
  Middle school or less 13 (0.7)
 Monthly household income (KRW)
  More than 6 million 424 (21.2)
  3 to 6 million 868 (43.4)
  Less than 3 million 708 (35.4)
 Cardiometabolic disease
  None 1,264 (63.2)
  Coronary heart disease 53 (2.7)
  Cerebrovascular disease 36 (1.8)
  Hypertension 389 (19.4)
  Diabetes 135 (6.8)
  Dyslipidemia 442 (22.1)
Behavioral change after COVID-19
 Smoking
  Negative change 149 (7.5)
  No change 1,239 (62.0)
  Positive change 612 (30.6)
 Drinking
  Negative change 347 (17.4)
  No change 892 (44.6)
  Positive change 761 (38.1)
 Diet
  Negative change 553 (27.7)
  No change 984 (49.2)
  Positive change 463 (23.2)
 Exercise
  Negative change 731 (36.6)
  No change 634 (31.7)
  Positive change 635 (31.8)
 Stress
  Negative change 1,052 (52.6)
  No change 721 (36.1)
  Positive change 227 (11.4)
 Health care service use
  Negative change 396 (19.8)
  No change 1,141 (57.1)
  Positive change 463 (23.2)

Health behaviors for CVD prevention
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Associations between negative changes and sociodemo-
graphic factors 

The unadjusted risks of negative changes after COVID-19 

according to socioeconomic factors are presented in Fig. 2 

and Table S1. Younger age was associated with the highest 

risk of a negative change in diet, and participants in their 

40s had the highest risks of negative changes in drinking, 

stress, and healthcare service use. Men were likely to ex-

hibit negative changes in smoking and drinking, whereas 

women had greater risks in diet, exercise, stress, and health-

care service use. Marital status only showed a significant 

association with smoking behaviors. Compared to married 

individuals, the odds ratios (ORs) for negative changes were 

greater among those who were not married: 1.58 (95% con-

fidence interval [CI], 1.11–2.23) for single persons and 2.62 

(95% CI, 1.39–4.97) for those who were bereaved, separated, 

or divorced. Higher educational attainment was associated 

with negative changes in diet and exercise-related behav-

iors, but without statistical significance. Lower household 

income was related to a negative change in smoking. Fur-

thermore, the unadjusted risk of having a poorer diet was 

lower in cardiometabolic disease patients (OR, 0.81; 95% CI, 

0.66–0.99) than in participants without those diseases.  

These findings were persistent when simultaneously ad-

justed for all sociodemographic factors (Fig. 3, Table S2). It 

is notable that bereaved, separated, or divorced individuals 

had a significantly higher likelihood of showing negative 

changes, whereas married or single respondents had sim-

ilarly low risk. Furthermore, after adjustment for all socio-

demographic factors, cardiometabolic disease patients 

showed higher risks for negative changes in diet, exercise, 

stress, and healthcare service use than those without car-

diometabolic disease.  

DISCUSSION 

We examined self-reported changes in CVD-related health 

Fig. 1. Changes in cardiovascular disease-related behaviors during the COVID-19 pandemic. (A) Overall. (B) Without cardiometabolic 
disease. (C) With cardiometabolic disease.
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behaviors during the COVID-19 pandemic. Favorable 

changes were mainly observed in smoking, drinking, and 

healthcare service use, while unfavorable changes were 

predominant in diet, exercise, and stress. These negative 

changes during the pandemic were also significantly as-

sociated with age, sex, marital status, and the presence of 

cardiometabolic disease after adjustment for all socioeco-

nomic factors. 

As the world manages the imminent health challenges, 

COVID-19 has brought about substantial changes in the 

diagnosis, treatment, and prevention of other diseases 

such as CVD [1,11]. In particular, growing public interest in 

health appears to be linked to individual efforts to improve 

health-related behaviors [12,13]. A study in the United 

States analyzed online search interest for CVD-related life-

style factors based on Google Trends and Google Shopping 

Fig. 2. The unadjusted risks of negative changes in cardiovascular disease-related behaviors during the COVID-19 pandemic. Confi-
dence intervals outside of arbitrary limits were truncated for the applying a consistent scale. (A) Age. (B) Sex. (C) Marital status (unmarried 
refers to bereavement, separation, and divorce). (D) Education (in terms of educational attainment). (E) Household monthly income. (F) 
The presence of cardiometabolic disease (CMD).
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Fig. 3. The adjusted risks of negative changes in cardiovascular disease-related behaviors during the COVID-19 pandemic. (A) Age, (B) 
sex, (C) marital status (unmarried refers to bereavement, separation, and divorce), (D) educational attainment (in terms of educational 
attainment), (E) household monthly income, and (F) the presence of cardiometabolic disease (CMD) were simultaneously adjusted for 
each model of behaviors. Confidence intervals outside of arbitrary limits were truncated for the applying a consistent scale.

Insights in 2020 [12]. During the pandemic, search terms 

relating to a healthier diet and physical exercise increased, 

but searches for smoking-related terms decreased [12]. Our 

study also documented collateral benefits for healthier life-

styles. Many respondents reported improvements in their 

smoking and drinking habits during the pandemic (30.6% 

and 38.1%, respectively). It seems that the decline in smok-

ing and drinking was at least partly due to the restrictions of 

social gatherings [13]. Earlier reports on COVID-19 also sug-

gested that smoking is a risk factor for the development of 

more severe cases after being infected [14]. The fear of this 

novel viral disease seems to have brought about positive 

changes in health behaviors. However, in dietary habits and 

physical activity, more people reported negative changes 

than those who showed positive changes. One possible ex-

planation is that indoor fitness centers were closed, result-
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ing in reduced physical activity, especially in urban settings 

[15]. Sedentary lifestyles may also have increased as people 

worked from home and were reluctant to go out [15]. The 

growing consumption of nonperishable food and delivery 

food may have led to increased food insecurity and poorer 

dietary quality after the outbreak of COVID-19 [2,16]. In a 

survey of college students in Korea, 65% of the respondents 

answered that they ordered delivery food at least one to two 

times a week, while reporting a gain of body weight in the 

past 6 months [16]. Above all, it is alarming that most of the 

respondents (52.6%) rated their stress as aggravated. 

Deterioration of mental health during the COVID-19 

pandemic has been frequently reported in previous studies. 

An analysis of 16 studies (113,285 individuals) illustrated a 

high prevalence of mental distress from December 2019 to 

June 2020 [17]. Depression was found in 20% of individuals, 

anxiety in 35%, and psychological stress in 53% [17]. A study 

in Australia investigated the association between changes 

in health-related behaviors and psychological distress [18]. 

Not only was there a high prevalence of negative changes 

in physical activity (48.9%), sleep (40.7%), drinking (26.6%), 

and cigarette smoking (6.9%) during the pandemic, but 

these deteriorations were also associated with greater risks 

of depression, anxiety, and stress symptoms [18]. Improving 

both mental health and other health-related behaviors can 

help reduce psychological distress. 

We also confirmed that sociodemographic factors were 

related to negative changes during the pandemic. While 

those in their 40s and men were at high risk of deteriora-

tion in smoking and drinking, the risks for diet and exercise 

were higher among those in their 20s and women. This 

seemed to result from decreases in social smoking and 

drinking, which were relatively prevalent in middle-aged 

adults and men. Furthermore, as outdoor activities were 

canceled after the outbreak and participants spent more 

time indoors, dietary habits and physical activity may 

have changed in young adults and women. Educational 

attainment and monthly household income did not show 

significant associations with negative changes in health-re-

lated behaviors, except for smoking, where lower educa-

tion and income level put individuals at a higher risk than 

their counterparts. This finding was not consistent with 

other studies that presented an association between high-

er income and engagement in self-protective behaviors 

during the COVID-19 pandemic [19]. Future studies should 

investigate the possible effect of income and education 

on CVD-related health behaviors with a sufficient sample 

size. After adjusting for all sociodemographic factors in our 

study, cardiometabolic disease patients were more likely 

to show aggravation of lifestyle factors, except for smoking 

and drinking. Similarly, another study reported that pa-

tients with diabetes had a higher likelihood of experiencing 

food insecurity and drug shortages than individuals with-

out diabetes. Patients with diabetes were also more con-

cerned about COVID-19 and perceived the risk as higher, 

which may lead to greater psychological distress among 

those with comorbidities [20]. 

Our study examined changes in CVD-related behaviors 

that are difficult to investigate with a clinical approach but 

are nonetheless important for CVD prevention. Despite the 

possible implications of our study for public health, several 

limitations should be taken into consideration. First, our 

findings need to be reaffirmed in future studies with suf-

ficient sample sizes. Although the Cardiovascular Disease 

Prevention Awareness Survey sought to reflect behavioral 

changes in the general population in Korea, and consisted 

of various individuals, the relatively small sample size may 

limit its implications. Second, our report was based on 

self-reported data, and the possibility should be considered 

that the findings resulted from subjective changes without 

objective indicators or figures. Last, there might have been 

meaningful differences in characteristics between respon-

dents and nonrespondents. The survey was completed 

online or on mobile devices, which could result in non-

responsiveness among digitally illiterate subpopulations, 

which are likely to have a lower socioeconomic status. 

COVID-19 caused a reduction in hospital use for CVD 

patients and those with predisposing factors. This could 

lead to a higher CVD burden in the near future. Moreover, 

considerable studies reported more deaths and adverse 

events from COVID-19 in CVD patients. As the pandemic is 

prolonged, it is necessary to examine changes in CVD-re-

lated health behaviors and establish preventive strategies 

accordingly. CVD prevention, which has been somewhat 

postponed, should be further encouraged. Doing so would 

both relieve the CVD burden that is likely to overload the 

health system in the near future and reduce the harm from 

COVID-19. 
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Background: There is a lack of data on modifiable coronary artery disease (CAD) risk factors in the Indonesian population, hindering 
the implementation of assessments and prevention programs in this population. This study investigated modifiable risk factors for 
CAD among Indonesians by comparing them between CAD-proven patients and healthy subjects from a similar population. 
Methods: In this nested, matched case-control study, the cases were patients from a referral hospital in Yogyakarta, Indonesia and 
the controls were respondents in a population surveillance system in Yogyakarta, Indonesia. The cases were 421 patients who had 
undergone coronary angiography, showing significant CAD. The sex- and age-matched controls were 842 respondents from the Uni-
versitas Gadjah Mada Health and Health and Demographic Surveillance System Sleman who indicated no CAD presence on a ques-
tionnaire. The modifiable CAD risk factors compared between cases and controls were diabetes mellitus, hypertension, central obe-
sity, smoking history, physical inactivity, and less fruit and vegetable intake. A multivariate regression model was applied to deter-
mine independent modifiable risk factors for CAD, expressed as adjusted odds ratios (AORs). 
Results: A multivariate analysis model of 1,263 subjects including all modifiable risk factors indicated that diabetes mellitus (AOR, 
3.32; 95% confidence interval [CI], 2.09–5.28), hypertension (AOR, 2.52; 95% CI, 1.76–3.60), former smoking (AOR, 4.18; 95% CI, 
2.73–6.39), physical inactivity (AOR, 15.91; 95% CI, 10.13–24.99), and less fruit and vegetable intake (AOR, 5.42; 95% CI, 2.84–
10.34) independently and significantly emerged as risk factors for CAD. 
Conclusions: Hypertension, diabetes mellitus, former smoking, physical inactivity, and less fruit and vegetable intake were indepen-
dent and significant modifiable risk factors for CAD in the Indonesian population.  
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INTRODUCTION 

Cardiovascular diseases, especially ischemic heart disease, 

make a major contribution to mortality and disability-ad-

justed life years worldwide [1,2]. As in many developing 

countries, the burden of cardiovascular diseases and their 

risk factors are increasingly apparent in Indonesia, where 

coronary artery disease (CAD) is the second leading cause 

of death and disability [3]. A cross-sectional population 

study in Indonesia indicated that the prevalence of in-

creased 10-year cardiovascular risk was higher than in other 

developing countries [4,5]. To reduce disabling morbidity 

and premature deaths from cardiovascular diseases, under-

standing the specific risk factors of CAD in the Indonesian 

population is of paramount importance. 

The identification of risk factors, particularly modifiable 

risks, for CAD could direct the implementation of lifestyle 

changes and measures to control risk factors, which would 

be cost-effective in population-based approaches [6]. The 

modifiable risk factors for CAD include clinical factors 

(namely, hypertension, diabetes mellitus, and dyslipid-

emia) and lifestyle factors (namely smoking, overweight or 

obesity, lack of physical activity, and an unhealthy diet). In 

developed countries, the major modifiable CAD risk factors 

have been identified and systematic risk assessments have 

been developed, as well as thorough CAD prevention pro-

grams [7,8]. However, in less developed countries, including 

Indonesia, there is a lack of data on modifiable CAD risk 

factors related to the diverse populations of Indonesia, hin-

dering the implementation of such assessments and pro-

grams in these populations. Identifying specific modifiable 

risk factors for CAD in Indonesia is important because do-

ing so would enable steps to control them more accurately 

based on population characteristics. Recent demonstrative 

Indonesian national level data released by the Indonesia 

Ministry of Health through a cross-sectional study of basic 

health research (or Riset Kesehatan Dasar [RISKESDAS]), 

last conducted in 2018, identified several modifiable CAD 

risk factors particular to the Indonesian population [9]. 

However, the self-reporting of cardiovascular disease di-

agnoses underestimates its prevalence, thereby leading to 

inaccuracies in reports of its risk factors [5,9]. 

In the current study, we conducted a nested case-con-

trol study in the Special Region of Yogyakarta, which is 

located in south-central Java island and is the fourth most 

populated province in Indonesia [10]. Based on data from 

RISKESDAS 2018, Yogyakarta is among the provinces with 

the highest rates of high cardiovascular disease morbidity 

and mortality [9]. It consists of four regencies and one mu-

nicipality. Since it is a hub of education and culture, diverse 

populations from various regions of Indonesia live in Yog-

yakarta. To date, no studies have directly compared mod-

ifiable CAD risk factors between healthy Indonesians and 

patients with established CAD. Thus, it is important to ob-

tain reliable estimates of major modifiable CAD risk factors 

in this population. Therefore, this study aimed to obtain 

representative estimates of modifiable CAD risk factors by 

comparing major modifiable CAD risk factors between the 

apparently healthy population in Yogyakarta and patients 

with angiographically proven CAD who visited a tertiary 

referral hospital for cardiovascular disease in Yogyakarta, 

Indonesia. 

METHODS 

Ethical statements 

This study protocol was approved by the Medical and 

Health Research Ethics Committee of Faculty of Medi-

cine, Public Health and Nursing, Universitas Gadjah Mada 

and Dr. Sardjito Hospital (No. KE/FK/0434/EC/2018 and 

No. KE/FK/0526/EC/2019). All subjects provided written 

informed consent to participate in the Health and Demo-

graphic Surveillance System (HDSS) Sleman survey, which 

included consent for the use of the data from the UGM 

HDSS Sleman database for research purposes.

Design and subjects 

The study design was a nested case-control study. The study 

was conducted in 2019, and it enrolled patients with CAD 

from Dr. Sardjito Hospital as cases and respondents from 

the UGM HDSS Sleman as controls. Subjects with CAD 

were enrolled consecutively from patients admitted to Dr. 

Sardjito Hospital, a tertiary referral hospital for cardiovascu-

lar diseases in the region, who underwent elective coronary 

angiography (CAG) with or without percutaneous coronary 

intervention and were proven to have CAD. The age- and 

sex-matched control group, with a 1:2 ratio, consisted of 

subjects who were selected from the respondents of the 
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UGM HDSS Sleman. The UGM HDSS Sleman is a longitu-

dinal and community-based survey that was established in 

2014 in the Sleman Regency, Special Region of Yogyakarta, 

Indonesia by the Faculty of Medicine, Public Health and 

Nursing, UGM (https://hdss.fk.ugm.ac.id/) [8]. By the end 

of 2020, the UGM HDSS Sleman survey had completed 

its sixth wave, which included interviews to monitor risk 

factors for noncommunicable diseases (NCDs) among the 

individual panel population. The UGM HDSS Sleman indi-

vidual panel population included one adult (≥25 years old) 

household member per household selected using Kish grid 

sampling in each wave [9]. 

Selection of cases 

The cases consisted of subjects with angiographically prov-

en CAD. The subjects were patients with a diagnosis of sta-

ble angina pectoris or history of acute coronary syndrome 

who underwent elective CAG at Dr. Sardjito Hospital. The 

inclusion criteria for cases were age 30 to 75 years, angio-

graphically proven CAD, and signed an informed consent 

form. The exclusion criteria were patients with chronic 

heart failure (reduced ejection fraction), patients with 

chronic kidney disease (estimated glomerular filtration rate 

using the Modification of Diet in Renal Disease equation, 

<30 mL/min/1.73 m2), patients with known hepatic cirrho-

sis, patients with ongoing treatment of malignancy, and 

patients with coronary anatomy anomalies (namely, con-

genital coronary anomalies and/or myocardial bridging). In 

total, 421 cases were enrolled. 

Selection of controls 

A control was defined as a UGM HDSS Sleman individual 

panel member who matched a case in terms of age (±2 

years) and sex. Two controls were recruited per case. The 

inclusion criteria for controls were age 30 to 75 years; no in-

dication of cardiovascular disease (angina pectoris or his-

tory of myocardial infarction) on a standardized approved 

questionnaire based on the Rose angina questionnaire, 

adopted by the HDSS Sleman survey [10]; and signing an 

informed consent form. The exclusion criteria were the 

absence of appropriate answers on the standardized UGM 

HDSS Sleman questionnaire; incomplete data about risk 

factors for NCDs; the presence of chronic diseases (chron-

ic heart failure, chronic kidney disease, and/or hepatic 

cirrhosis); and active malignancy, derived from the UGM 

HDSS Sleman data based on self-reported diagnosis. 

The controls were taken from the 4,855 UGM HDSS Sle-

man respondents who completed the fourth wave survey at 

the end of 2018. Other variables on chronic diseases were 

taken from the second and third waves (Table 1). Some of 

the variables included in the dataset are described in Table 

1. A total of 123 respondents with positive responses for 

coronary heart diseases and angina on the questionnaire, 

and a total of 1,176 respondents with no adequate or in-

complete records of risk factors for NCDs were excluded. 

Therefore, the number of respondents eligible for inclusion 

as controls was 3,553. Finally, with a 1:2 ratio of 421 cases, 

842 matched controls were randomly selected from the 

eligible respondents considering age-and sex-matching to 

the cases (Fig. 1).  

Anthropometric measurements  

The waist and hip circumference were measured in both 

groups, as previously described [11]. A standard body tape 

was used to measure waist circumference to the closest 0.1 

cm in the horizontal plane at the midpoint between the 

lowest rib and the iliac crest [11]. The hip circumference 

Table 1. Variables recorded for controls from the Universitas Gad-
jah Mada Health and Demographic Surveillance System Sleman 
respondents
Variable Wave Inclusion
Sex Fourth Matched
Date of birth Fourth Matched
Age Fourth Matched
Highest/current education level Fourth No
Main occupation Fourth No
Consumption of fruit Fourth Yes
Consumption of vegetables Fourth Yes
Physical activity Fourth Yes
Blood pressure measurement Fourth Yes
Waist and hip circumference  

measurements
Fourth Yes

Smoking Fourth Yes
Diabetes mellitus Second and third Yes
Hypertension Second and third Yes
Coronary heart disease Second Yes
Angina Third Yes
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(cm) was measured at the maximum protrusion of the hip 

[11]. In the cases, anthropometric measurements were con-

ducted after the CAG procedure by the trained investigator 

in the morning, after 8 hours of fasting. In the control group, 

the measurements were conducted during home visit in-

terviews. Central obesity based on waist circumference was 

determined by waist circumference (>90 cm in men and 

>80 cm in women) [12]. 

WHO-approved questionnaires 

The CAD risk factors were measured using a standardized 

questionnaire recording several habits, including smoking 

behavior, physical activity, and fruit and vegetable con-

sumption. The same questionnaire was administered to 

both cases and controls. Subjects’ history of recent smoking 

behavior or use of any tobacco product, including its dura-

tion and quantity of daily smoking, was recorded using the 

World Health Organization (WHO) STEPS Questionnaire 

[13]. Smoking behavior was defined as current, former, and 

never smoking [14]. Former smokers included subjects who 

smoked regularly and then stopped, current smokers were 

those who smoked regularly at the time of the survey, and 

never smokers were those who had never smoked at all [14]. 

For fruit and vegetable consumption, subjects were asked 

about the frequency of fruit and vegetable intake, as well as 

the serving size, in a typical week. The subjects were divided 

into two groups according to their daily fruit and vegetable 

intake based on the WHO recommendation (at least 400 g/

day) [15]. Subjects with less fruit and vegetable intake was 

defined as those who did not meet the WHO recommen-

dation. Subjects were asked about their physical activity 

pattern, namely frequency and duration, in three different 

activities (at work, for transportation, and leisure time). 

Details concerning the physical activity analysis have been 

described elsewhere [16]. The subjects’ physical activity was 

classified based on the WHO-recommended physical activ-

ity level of ≥600 metabolic equivalent of task (MET)-min/wk 

[14]. Subjects with physical inactivity was defined as those 

with physical activity level below WHO recommendation. 

Statistical analysis 

Stata ver. 13 (Stata Corp) was used for all data analysis. The 

descriptive analysis was presented as mean±standard de-

viation for continuous data and percentage for categorical 

data. Next, a bivariate analysis was conducted to evaluate 

the relationships between CAD and all independent vari-

ables using the chi-square test, with statistical significance 

set at P<0.05. Then, a multivariate analysis was performed 

for variables with P<0.25. We used logistic regression in 

each model for the multivariate analysis and then present-

Fig. 1. Flowchart depicting the selection process of controls, where controls were matched for age (±2 years old) and sex with the cas-
es. The ratio of cases to age- and sex-matched controls was 1:2. HDSS, Health and Demographic Surveillance System; NCD, noncom-
municable disease.

4,855 Controls from individual panel of 
UGM HDSS Sleman respondents in the 

fourth wave

123 Excluded (respondents with angina
and coronary heart disease)

1,179 Excluded (no or incomplete records
about risk factors of NCDs)

4,732 Eligible controls

3,553 Eligible controls

842 Controls included421 Cases included

Matching on age (±2 yr) and sex
cases:controls=1:2
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ed the results as odds ratios (ORs) with 95% confidence in-

tervals (CIs). Two models were generated from the findings 

of the multivariate study to identify significant independent 

risk factors for CAD. Model 1 included demography (sex 

and age) and lifestyle risk factors (smoking, physical inac-

tivity, and less fruit and vegetable intake); model 2 included 

demographic characteristics (sex and age), clinical risk 

factors (hypertension and diabetes mellitus), and lifestyle 

risk factors (smoking, physical inactivity, and less fruit and 

vegetable intake). P<0.05 was considered indicative of sta-

tistical significance. 

RESULTS 

Table 2 shows a comparison of the characteristics of 1,263 

subjects according to the groups (cases vs. age- and sex-

matched controls). Among the 421 cases, the mean age 

was 58.9±8.6 years, with 337 men (80.0%) and 84 women 

(20.0%). The 842 controls had a mean age of 58.9±8.8 years, 

674 (80.0%) were men, and 168 (20.0%) were women. The 

most numerous age group was 51 to 60 years (cases, 38.2%; 

control, 36.9%). Several risk factors showed significant 

differences between the cases and the controls (P<0.001). 

Clinical risk factors (namely, diabetes mellitus, hyperten-

sion, and central obesity) and lifestyle risk factors (namely, 

smoking, physical inactivity, and less fruit and vegetable 

intake) were significantly associated with CAD. 

The cases had a higher proportion of diabetes mellitus 

than the controls (29.5% vs. 9.4%), as well as more subjects 

with hypertension (63.2% vs. 31.8%). The proportion of 

central obesity was greater in the cases (51.3%) than in the 

controls (36.7%). The cases included more former smokers 

(60.7%), whereas in the controls, current smokers (36.7%) 

were still prevalent and former smokers (18.4%) formed a 

distinct minority. The cases had more physical inactivity 

and consumed less fruit and vegetables, which are fiber-rich 

foods. More cases (54.8%) failed to meet the WHO-recom-

mended physical activity index of ≥600 MET-min/wk than 

Table 2. Comparison of modifiable coronary artery disease risk factors between the cases and the sex- and age-matched controls 
(n=1,263)
Risk factor Case (n=421) Control (n=842) P-value
Sex >0.999
 Male 337 (80.0) 674 (80.0)
 Female 84 (20.0) 168 (20.0)
Age (yr) 58.9±8.6 58.9±8.8 >0.999
 <51 77 (18.3) 170 (20.2)
 51–60 161 (38.2) 311 (36.9)
 61–70 146 (34.7) 279 (33.1)
 >70 37 (8.8) 82 (9.7)
Diabetes mellitus 124 (29.5) 79 (9.4) <0.001
Hypertension 266 (63.2) 268 (31.8) <0.001
Central obesitya) 210 (51.3) 305 (36.7) <0.001
Smokingb) <0.001
 Current 9 (2.2) 309 (36.7)
 Former 252 (60.7) 155 (18.4)
 Never 154 (37.1) 378 (44.9)
WHO-recommended physical activity ≥600 MET-min/wkc) <0.001
 Met recommendation 174 (45.2) 759 (95.1)
 Did not meet recommendation 211 (54.8) 39 (4.9)
WHO-recommended fruit and vegetable intake ≥400 g/day <0.001
 Met recommendation 19 (4.5) 175 (20.8)
 Did not meet recommendation 402 (95.5) 667 (79.2)

Values are presented as number (%) or mean±standard deviation.
WHO, World Health Organization; MET, metabolic equivalent of task.
a)409 Cases, 830 controls; b)415 cases, 842 controls; c)385 cases, 798 controls.

28 www.e-jcpp.org

Anggoro Budi Hartopo et al. Coronary artery disease risk factors among Indonesians

Cardiovasc Prev Pharmacother 2023;5(1):24-34



controls (4.9%). In addition, we found a higher percentage 

of subjects meeting the WHO recommendation of fruit and 

vegetable intake ≥400 g daily in the controls (20.8%) than in 

the cases (4.5%). 

The bivariate analysis showed the modifiable risk factors 

associated with CAD (Table 3). Diabetes mellitus (OR, 4.03; 

95% CI, 2.91–5.58), hypertension (OR, 3.67; 95% CI, 2.85–

4.73), central obesity (OR, 1.81; 95% CI, 1.41–2.32), physical 

inactivity (OR, 23.59; 95% CI, 15.95–35.34), and less fruit and 

vegetable intake (OR, 5.55; 95% CI, 3.38–9.58) were identi-

fied as modifiable risk factors that showed significant asso-

ciations with CAD. Former smokers had a higher likelihood 

of CAD (OR, 3.99; 95% CI, 3.03–5.24) than never smokers. 

Fewer cases than controls were still current smokers. 

The findings of the multivariate logistic regression models 

are presented in Table 4. In model 1, the lifestyle risk fac-

tors—namely, former smoking (adjusted OR [AOR], 4.14; 

95% CI, 2.76–6.20), physical inactivity (AOR, 17.96; 95% CI, 

11.66–27.64), and less fruit and vegetable intake (AOR, 5.24; 

95% CI, 2.81–9.76)—were each independently and signifi-

cantly associated with CAD. In model 2, with the inclusion 

of clinical risk factors, we found that diabetes mellitus (AOR, 

3.32; 95% CI, 2.09–5.28) and hypertension (AOR, 2.52; 95% 

CI, 1.76–3.60) were each independently and significantly 

associated with CAD, whereas central obesity was not (AOR, 

1.03; 95% CI, 0.71–1.50). As lifestyle risk factors, former 

smoking (AOR, 4.18; 95% CI, 2.73–6.39), physical inactivity 

(AOR, 15.91; 95% CI, 10.13–24.99), and less fruit and vege-

table intake (AOR, 5.42; 95% CI, 2.84–10.34) each still inde-

pendently and significantly emerged as risk factors for CAD 

after adjustment for clinical risk factors (Fig. 2). 

DISCUSSION 

Our study showed that the modifiable risk factors, both 

clinical and lifestyle-related, accounted for a significantly 

increased risk of CAD in the Indonesian population. Hyper-

tension and diabetes mellitus were confirmed in our study 

as major diseases and clinical risk factors independently 

associated with CAD. Lifestyle-related risk factors—namely, 

smoking status, physical inactivity, and less fiber-rich food 

intake—were also confirmed to be independently associ-

ated with CAD. However, central obesity did not emerge 

as an independent risk factor for CAD. These identified 

modifiable CAD risk factors can become targets for pri-

mary prevention programs that promote healthy lifestyle 

modifications and the control of clinical risk factors to re-

duce CAD events and the burden of CAD in the Indonesian 

population. 

In Indonesia, hypertension is the single leading risk factor 

in both younger and older age groups, accounting for 33% 

of all CAD [4,14,17]. The predominance of hypertension as 

a CAD risk factor is consistent with previous reports from 

cohort studies [18,19]. In addition, diabetes mellitus is con-

sidered to be a major health problem in Indonesia, where 

more than 10 million people live with diabetes and the prev-

alence is 6.2% [20]. Based on a cohort of 1.9 million people, 

diabetes mellitus is strongly associated with an increased 

Table 3. Bivariate analysis and odds ratios for the associations 
between modifiable risk factors and coronary artery disease
Risk factor Odds ratio 95% CI
Sex
 Male 1 (Reference)
 Female 1.00 0.73–1.35
Age (yr)
 <51 1 (Reference)
 51–60 1.14 0.82–1.59
 61–70 1.15 0.82–1.61
 >70 0.99 0.62–1.59
Diabetes mellitus
 No 1 (Reference)
 Yes 4.03 2.91–5.58
Hypertension
 No 1 (Reference)
 Yes 3.67 2.85–4.73
Central obesity
 No 1 (Reference)
 Yes 1.81 1.41–2.32
Smoking
 Never 1 (Reference)
 Former 3.99 3.03–5.24
 Current 0.07 0.03–0.14
WHO-recommended physical 

activity ≥600 MET-min/wk
 Met recommendation 1 (Reference)
 Did not meet recommendation 23.59 15.95–35.34
WHO-recommended fruit and 

vegetable intake ≥400 g/day
 Met recommendation 1 (Reference)
 Did not meet recommendation 5.55 3.38–9.58

CI, confidence interval; WHO, World Health Organization; MET, metabolic 
equivalent of task.
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risk of many atherosclerotic cardiovascular diseases [21]. 

According to the geographic and socioeconomic analysis 

of RISKESDAS concerning cardiovascular risk factors, the 

prevalence of obesity, hypertension, and diabetes mellitus 

is higher among urban inhabitants and those in the richest 

and most educated districts, whereas physical inactivity and 

smoking are higher among rural residents and inhabitants 

of the least educated districts [6]. Our nested case-control 

study confirmed that hypertension and diabetes mellitus 

are important disease-related risk factors for CAD.  

Physical activity is associated with a 6% reduction in CAD 

cases and a 0.68-year increase in life expectancy [22]. More-

over, among patients with established CAD, exercise-based 

cardiac rehabilitation has been shown to lead to reductions 

in CAD mortality and hospitalization [23]. Nevertheless, 

33.5% of Indonesians engage in physical activity for less 

than 150 min/wk [24]. Physical inactivity and smoking are 

higher among rural residents and inhabitants of the least 

educated communities [6]. Our study showed that less 

physical activity had a stronger association with CAD than 

other risk factors. Of note, the questionnaire regarding the 

physical activity was performed during illness in the cases, 

which may account for the substantial disparity between 

groups. However, this still emphasizes the importance of 

promoting physical activity in adults to reduce CAD risk 

and as secondary cardiovascular disease prevention. 

Table 4. Multivariate regression models and adjusted ORs for the associations between risk factors and coronary artery disease

Risk factor
Adjusted OR (95% confidence interval)

Model 1 Model 2
Sex
 Male 1 (Reference) 1 (Reference)
 Female 1.2 (0.76–1.90) 1.09 (0.66–1.79)
Age (yr)
 <51 1 (Reference) 1 (Reference)
 51–60 0.99 (0.62–1.57) 0.78 (0.47–1.27)
 61–70 0.91 (0.56–1.47) 0.67 (0.40–1.12)
 >70 0.73 (0.37–1.43) 0.58 (0.28–1.19)
Diabetes mellitus NA
 No 1 (Reference)
 Yes 3.32 (2.09–5.28)
Hypertension NA
 No 1 (Reference)
 Yes 2.52 (1.76–3.60)
Central obesity NA
 No 1 (Reference)
 Yes 1.03 (0.71–1.50)
Smoking
 Never 1 (Reference) 1 (Reference)
 Former 4.14 (2.76–6.20) 4.18 (2.73–6.39)
 Current 0.09 (0.04–0.21) 0.12 (0.05–0.28)
WHO-recommended physical activity ≥600 MET-min/wk
 Met recommendation 1 (Reference) 1 (Reference)
 Did not meet recommendation 17.96 (11.66–27.64) 15.91 (10.13–24.99)
WHO-recommended fruit and vegetable intake ≥400 g/day
 Met recommendation 1 (Reference) 1 (Reference)
 Did not meet recommendation 5.24 (2.81–9.76) 5.42 (2.84–10.34)

Model 1, ORs adjusted for demographic characteristics (sex and age) and lifestyle-related risk factors (smoking, physical inactivity, and less fruit and vege-
table intake). Model 2, ORs adjusted for demographic characteristics (sex and age), clinical risk factors (hypertension, diabetes mellitus, and central obesi-
ty) and lifestyle-related risk factors (smoking, physical inactivity, and less fruit and vegetable intake).
OR, odds ratio; NA, not applicable; WHO, World Health Organization; MET, metabolic equivalent of task.
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Plant-based and Mediterranean diets, along with higher 

levels of fruit and vegetable intake, have consistently been 

associated with lower risks of all-cause mortality than stan-

dard diets [25]. A recent meta-analysis showed that dietary 

fiber is inversely associated with CAD risk, especially for fi-

ber from cereals and fruits, with a significant dose-response 

relationship observed between fiber intake and CAD risk 

[26]. A previous study among Indonesians showed that a 

large proportion consumed CAD high-risk foods and had 

insufficient fiber consumption, independent of the pres-

ence of cardiovascular disease [27]. Our study showed that 

the cases consumed significantly less fiber-rich diets, con-

tained in fruits and vegetables, than the controls. 

Our study showed that smoking behavior was still prev-

alent, as 62.9% of CAD cases had a history of smoking. 

Among them, 60.7% had already quit smoking and only 2.2% 

were still smoking. Meanwhile, 55.1% of the controls had a 

history of smoking. A previous study showed that among 

Indonesians, as many as 20% of individuals with known 

cardiovascular disease were current smokers, a proportion 

similar to that among apparently healthy individuals [27]. A 

case-control study of acute myocardial infarction in the IN-

TERHEART study found that current smoking was associ-

ated with a greater risk of acute myocardial infarction than 

never smoking, with the risk increasing by 5.6% for every 

additional cigarette smoked [28]. Almost one-third of CAD 

deaths are attributable to smoking and exposure to second-

hand smoke [29,30]. Our study indicated that CAD events 

drove patients to stop smoking. 

This study has several limitations. Firstly, the question-

naire data were based on self-reported information, which 

may have caused potential bias due to recall issues. Sec-

ondly, associations measured in case-control studies may 

or may not represent causal relationships. Thereby, it is 

important to perform cohort studies to establish the caus-

al relationships of risk factors of CAD. Nonetheless, this 

study has several strengths. Matching by age and sex was 

performed to control nonmodifiable risk factors. Matching 

ensures a similar number of cases and control in confound-

er strata, hence improving statistical precision and efficien-

cy [31]. In addition, well-trained enumerators performed 

the interviews and physical examinations. This study also 

Fig. 2. Results of the multivariate analysis showing the associations between risk factors and coronary artery disease. Modifiable risk 
factors—namely, clinical risk factors (such as hypertension and diabetes mellitus, but not central obesity) and lifestyle-related risk fac-
tors (such as former smoking, physical inactivity, and less fruit and vegetable intake)—were independent and significant risk factors for 
coronary artery disease.
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used standardized data collection tools to measure height, 

weight, and blood pressure. 

In conclusion, clinical risk factors (namely, hypertension 

and diabetes mellitus) and lifestyle risk factors (namely, 

smoking, physical inactivity, and less fruit and vegetable 

intake), as major modifiable risk factors, were independent 

and significant risk factors for CAD among the Indonesian 

population. These identified modifiable CAD risk factors 

might become targets for public health primary prevention 

programs that promote healthy lifestyle modifications and 

steps to control clinical risk factors in order to reduce the 

cardiovascular disease burden among the Indonesian pop-

ulation. 
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the ICMJE Recommendations for data sharing statement 

policy (http://icmje.org/icmje-recommendations.pdf ). All 

manuscripts reporting clinical trial results should submit a 

data sharing statement following the ICMJE guidelines.

2. Article types

Cardiovascular Prevention and Pharmacotherapy publish-

es original article, review article, editorial, invited special 

articles (practice guideline, lectures, etc.), and letter to the 

editor.

Article type Abstract Word counta) References Tables/
Figures

Editorial Not required ≤2,000 ≤50 ≤6
Review Unstructured abstract 

≤250 words
≤6,000 ≤100 ≤10

Original article Structured abstract 
≤250 words

≤4,500 ≤50 ≤6

Special articles Unstructured abstract 
≤250 words

≤6,000 ≤100 ≤10

Letter to the 
editor

Not required ≤2,000 ≤10 ≤6

a)Including references and figure legends (excluding the title page, abstract, 
and tables).
The editor may adjust limit in exceptional circumstances.
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3. Manuscript preparation

General rules
1) All materials must be written in English using Microsoft 

Word (doc, docx).

2) The manuscript must be written in Times New Roman 

11-point font and be double-spaced. Leave a 2.5-cm 

margin on all sides.

3) Use SI units of measure. A more conventionally used 

measurement may follow in parentheses.

Original articles
1) The manuscript should be prepared according to “Rec-

ommendations for the Conduct, Reporting, Editing and 

Publication of Scholarly Work in Medical Journals (ICMJE 

Recommendations, formerly the Uniform Requirements 

for Manuscripts)” (http://www.icmje.org). Be sure that 

provide sex-specific and/or race/ethnicity-specific data 

in describing study results, or specifically stage that no 

sexbased or race/ethnicity-based differences were pres-

ent.

2) Each article should be arranged in the following order: 

Cover letter, Title age, Abstract and keywords, Main text 

(Introduction, Methods, Results, Discussion), Acknowl-

edgments, References, Tables, and Figure legends.

3) Title page

It should include the title, authors’ names (including the 

full names, academic degrees, affiliations, ORCID ID, and 

e-mail address), total word count (not including the title 

page, abstract, and tables), short title (maximum 50 char-

acters including spaces), the contact information for cor-

respondence and reprint (including full name, academic 

degree(s), complete postal address, and e-mail address), 

and the article information (ethical statement, conflicts 

of interest, funding, acknowledgments for substantive 

contributions of individuals, author contributions, etc.).

4) Abstract

- Structured abstract ≤250 words with the following head-

ings should be provided: Background, Methods, Results, 

and Conclusions.

- Use complete sentences.

- All data in the abstract also must appear in the manu-

script text or tables.

- Unstructured abstract with the same words limit is ap-

propriate for review article.

- Do not cite references in the abstract. Limit use of acro-

nyms and abbreviations.

- Define at first use acronym or abbreviation in parenthe-

sis.

5) Keywords

Up to 5 keywords should be provided immediately after 

abstract. Please refer to the keyword list in the Medical 

Subject Headings (MeSH; https://www.ncbi.nlm.nih.

gov/mesh).

6) Main text

- Main heading should be INTRODUCTION, METHODS, 

RESULTS, and DISCUSSION.

- Subheadings can be used in each section.

- Abbreviations must be defined at first mention in the 

text and each table and figure.

- Every reference, figure, and table should be cited in the 

text according to order of mention.

- For experimental animals, state the species, strain, 

number used, and pertinent descriptive characteristics 

should be provided. When describing surgical proce-

dures, identify the preanesthetic and anesthetic agents 

used and the amounts, concentrations, routes, and fre-

quency of administration of each. Paralytic agents are 

not considered acceptable substitutes for anesthetics. 

For other invasive procedures on animals, report the 

analgesic or tranquilizing drugs used. If none were used, 

provide justification for exclusion.

- In human studies, indicate that the study was approved 

by an institutional review board along with the name of 

the IRB, and that the participants gave written informed 

consent (or that no informed consent was required).

- Reporting guidelines for specific studies types should be 

followed (http://www.equator-network.org/library/). 

For reporting of randomized controlled trials, Cardio-

vascular Prevention and Pharmacotherapy requires 

compliance with the statement of CONSORT (http://

www.consort-statement.org) and the ICMJE Statement 

on Data Sharing (http://icmje.org/icmje-recommenda-

tions.pdf).
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- For the studies of medications, biologics, and devices, 

generic rather than trademark names of all therapeutics 

should be used, and the complete name of the manufac-

turer must be supplied.

- Unless inappropriate, report the sex or gender of study 

participants, the sex of animals or cells, and describe the 

methods used to determine sex or gender. If the study 

was done involving an exclusive population, for exam-

ple in only one sex, authors should justify why, except 

in obvious cases (e.g., prostate cancer). Authors should 

define how they determined race or ethnicity and justify 

their relevance.

- Statistics should be provide a subsection detailing the 

statistical in the METHODS sections, provide a subsec-

tion detailing the statistical methods. When using sta-

tistical methods beyond t-tests, chi-square, and simple 

linear regression, specify the statistical package, version 

number, and non-default options used.

7) References

- Accuracy of reference data is the responsibility of the au-

thor. Please verify all references against original sources.

- The reference list should be typed double-spaced on 

pages separate from the text.

- References must be numbered consecutively in the or-

der in which they are mentioned in the text.

- List names of all authors when six or fewer. When seven 

or more, list only the first six names and add et al.

- Names of journals should be abbreviated in the style 

used in NLM Catalog: Journals referenced in the NCBI 

Databases (https://www.ncbi.nlm.nih.gov/nlmcatalog/

journals/).

- EndNote output styles for Journal of Cardiovascular Pre-

vention and Pharmacotherapy is available at: https://

e-jcpp.org.

- Journal: Ettehad D, Emdin CA, Kiran A, Anderson SG, 

Callender T, Emberson J, et al. Blood pressure low-

ering for prevention of cardiovascular disease and 

death: a systematic review and meta-analysis. Lancet 

2016;387:957–67.

- DOI-based citation for an article in press: Kim SJ, Ann 

SH, Kim YG, Park S. Left ventricular apical aneurysm: 

atypical feature of cardiac sarcoidosis diagnosed by 

multimodality imaging. Korean Circ J 2021 Dec 7 [Epub] 

https://doi.org/10.4070/kcj.2021.0305

- Chapter in book: Hinohara T, Robertson CG, Simpson 

JB. Directional coronary atherectomy. In: Topol EJ, edi-

tor. Textbook of interventional cardiology. 2nd ed. W.B. 

Saunders Company; 1994. p. 645–57.

- Book: Cohn PF. Silent myocardial ischemia and infarc-

tion. 3rd ed. Marcel Dekker; 1993.

8) Figure legends

- Figure Legends should be typed double-spaced on pag-

es separate from the text.

- All figures must have a number, title, and caption.

- Figures should be labeled sequentially, numbered (Fig. 1, 

Fig. 2, etc.), and cited in the text.

- The legend for each light microscopic image should 

indicate the stain used and the level of magnification. 

Electron micrographs should have an internal magnifi-

cation scale marker.

- All symbols or arrows used should be explained.

- All abbreviations should be identified in alphabetical 

order at the end of each legend.

9) Figures, graphs, and illustrations

- Figures, graphs, and illustrations rendered with pro-

fessional graphic programs should be provided in GIF, 

TIFF, EPS or JPG format. If the number of files is more 

than five, one PowerPoint file is acceptable for review 

process. Layers should be retained (ie, do not “flatten” 

the image).

- Color and gray scale images should be at least 300 DPI. 

Line art (black and white or color) should be at least 

1,200 DPI and combinations of gray scale images and 

line art should be at least 600 DPI.

- Line art should not contain hair lines, which are hard to 

reproduce. Avoid headings on the figure. Heading infor-

mation should appear in the figure legend.

- Supply a scale bar with photomicrographs. For charts 

and graphs, color is acceptable. Do not use patterns or 

textures.

- Three-dimensional graphs are NOT recommended un-

less all three axes are needed to depict data.

- Figures should be no smaller than 13 cm x 18 cm (5” x 7”). 

Please do not reduce figures to fit publication layout.

- Limit white space between the panel and panel label.

- All types of figure can be reduced, enlarged, or trimmed 
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for publication by the editor.

- If previously published materials are used, authors must 

obtain written permission to reproduce the material 

from the copyright owner and submit it with the manu-

script. The original source should be cited.

- There is no fee for the publication of color figures.

10) Tables

- Begin each table on a separate page, double-spaced us-

ing same size type as in text. Tables prepared with Excel 

are not accepted unless embedded within your text doc-

ument.

- All tables should have a number (Table 1, Table 2, etc.) 

and title. Table numbers should correspond with the or-

der cited in the text.

- Abbreviations should be listed in a footnote under the 

table in alphabetical order. Use footnote symbols in the 

following order: a), b), c)....

- Tables should be self-explanatory, and the data pre-

sented in them should not be duplicated in the text or 

figures.

- If previously published tables are used, authors must ob-

tain written permission to reproduce the material from 

the copyright owner and submit it with the manuscript. 

The original source should be cited in the footnote.

11) Movie

- Inclusion of movies in the published article is at the 

discretion of the Editors. The formats for clips of mov-

ing images should be Audio Video Interleave (.avi), 

Window Media Video (.wmv), MPEG (.mpg), or Quick 

Time (.mov). AVI, WMV, MPEG files can be displayed 

via Windows Media Player (https://support.microsoft.

com/en-us/help/18612/windows-media-player). Quick 

Time files require Quick Time software (free) from Apple 

(https://support.apple.com/downloads/quicktime).

4. Peer-review process

All manuscripts are considered confidential during peer-re-

view process by at least two anonymous reviewers des-

ignated by the editor. An initial decision will normally be 

made within 4 weeks of receipt of a manuscript to the cor-

responding author by e-mail. When submitting the revised 

manuscript, authors should include a Response Letter, 

which describes how the manuscript has been revised. A 

point-by-point response to the editor should be included 

with the revised manuscript. Authors who plan to resubmit 

but cannot meet this deadline should contact the Editorial 

Office. Manuscripts held for revision will be retained for a 

maximum of 30 days. The revised manuscript and the au-

thor’s comments will be reviewed again. If a manuscript is 

completely acceptable, it is scheduled for publication in the 

next available issue. We neither guarantee the acceptance 

without review nor very short peer review times for unso-

licited manuscripts. Commissioned manuscripts also are 

reviewed before publication. We adopt double-blind peer 

review in which case, not only authors but also reviewers do 

not know each other.

5. For accepted manuscripts

There is no page charge or article processing charge of au-

thor side.

Copyright transfer and relationship
All published manuscripts become the permanent property 

of the KSCP and KSCVP, and may not be published else-

where without written permission. At the time of publica-

tion, the final status of conflicts of interest will be disclosed 

to the readers on https://e-jcpp.org.
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We authors agree with the followings;

1. This manuscript does not encroach on any copyright of other manuscripts.

2. All authors contributed substantially to this work and we are all responsible for the content of the manuscript.

3. This manuscript has never been published before and is not being submitted to other journals for publication

4. All authors agree to transfer copyright of this manuscript if accepted for publication In the Journal of Cardiovascular 

Imaging.
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