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INTRODUCTION 

Obesity is a complex, multifactorial chronic disease associ-

ated with a higher risk of comorbidities such as metabolic 

syndrome, cardiovascular disease (CVD), and several types 

of cancer, as well as a higher risk of death from those comor-

bidities [1,2]. Obesity has a significant impact on patients’ 

quality of life, limits economic and social activity, and im-

poses a significant financial burden on society as a whole. 

Despite several efforts to address the obesity pandemic and 

its consequences, obesity remains a serious public health 

concern globally [1,2]. The Korean Society for the Study of 
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Obesity reduces life expectancy, lowers quality of life, and causes numerous cardiometabolic diseases and some cancers. However, 
the individual risk of developing obesity-associated comorbidities is highly variable and cannot be explained only by body mass in-
dex. Observations that some obese people have a low risk for cardiometabolic disorders gave rise to the notion of metabolically 
healthy obesity (MHO). Despite the lack of a precise definition, MHO is typically identified by normal glucose and lipid metabolism 
indices, as well as the absence of hypertension. In individuals with MHO, the absence of metabolic abnormalities may minimize the 
risk of mortality, cardiovascular diseases, chronic kidney disease, dementia, and cancer, compared to metabolically unhealthy indi-
viduals with obesity. However, MHO appears to be a temporary phenotype that may not confer permanent benefits to individuals 
with obesity, further justifying therapeutic efforts to maintain metabolic fitness. In this review, we describe the traits of the MHO 
phenotype, its changeable nature, and the factors associated with phenotype change. In addition, we discuss the clinical outcomes 
of the MHO phenotype, particularly focusing on the transition of metabolic health over time and its effect on cardiometabolic disor-
ders. Finally, the clinical importance of maintaining metabolic health is emphasized. 
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Obesity (KSSO) defines obesity as a body mass index (BMI) 

≥25 kg/m2 according to the Asia-Pacific criteria of the World 

Health Organization guidelines, which is different from 

that used in Western countries [3,4]. According to the 2020 

Obesity Fact Sheet by KSSO using the Korean definition, 

the prevalence of overall obesity was 32.6% in 2009 and 

increased by 1.18-fold to 38.5% in 2018, respectively [5]. 

Therefore, obesity is clearly a major public health problem 

in Korea and across the world. 

However, not all obese people are at an elevated risk of 

obesity-related comorbidities and mortality, implying that 

there is a subset of healthy obese people, who have a con-

https://doi.org/10.36011/cpp.2022.4.e19


dition known as "metabolically healthy obesity (MHO)” [6–

10]. Metabolic abnormalities, such as dyslipidemia, insulin 

resistance, hypertension, and an unfavorable inflammatory 

profile, are absent in MHO [7–10]. Numerous studies have 

demonstrated that people with MHO have a lower risk of 

mortality and other comorbidities than those with metabol-

ically unhealthy obesity (MUO) and are not at a higher risk 

than people who are normal weight [7–10]. However, so far, 

the predictive value of the MHO phenotype, as well as its 

clinical definition and criteria, remains a subject of debate 

[11,12]. Furthermore, the clinical implications of the MHO 

phenotype may be dependent on the health outcomes 

being studied [12]. Furthermore, as evidence mounts that 

MHO is changeable across time, researchers’ focus has 

shifted to the consequences of phenotypic shifts in MHO in-

dividuals. In this context, the purpose of the present review 

was to address numerous contemporary issues concerning 

MHO, such as its natural course and clinical consequences, 

with a special emphasis on its dynamic and variable nature. 

DYNAMIC AND CHANGEABLE ASPECTS OF MHO 

Obesity has been considered to be a chronic and easily re-

lapsing disease [13–15]; these traits of obesity also apply to 

MHO. Individuals in long-term obesity treatment programs 

may experience cycles of weight reduction and weight re-

turn, with their phenotypic shifting from MUO to MHO and 

back again. Furthermore, nearly half of the MHO partici-

pants in the Multi-Ethnic Study of Atherosclerosis (MESA) 

acquired metabolic abnormalities by the end of the 12-year 

follow-up period [16]. This conclusion is corroborated by 

a meta-analysis based on estimates from 40 studies, which 

showed that MHO individuals had higher risk of progress-

ing to the abnormal metabolic state than their counterparts 

with metabolically healthy nonobesity (MHNO), and half 

of the MHO individuals would lose their metabolic health 

over time [17]. Similarly, in a 6-year follow-up study of the 

prospective Pizarra trial, 30% of people classified with MHO 

at baseline transitioned to MUO [18]. Using the Korean Na-

tional Health Insurance Service-National Health Screening 

Cohort (NHIS-HEALS), our study team demonstrated the 

transitional character of the MHO phenotype [19]. Only 

57.2% of the initial MHO group in the Korean cohort re-

mained metabolically healthy after 2 years, whereas 42.8% 

experienced aggravation in their metabolic health—in 

other words, transition to MUO status. However, MUO also 

showed a transient and reversible nature, as 11.8% of the 

baseline MUO group restored their metabolic health (i.e., 

transitioned from MUO to MHO) [19]. Therefore, the shift 

from MHO to MUO is not always a one-way street. Finally, 

as the phenotypic transition frequently occurs in both MHO 

and MUO, we need to focus on the implications of these 

transitions in health outcomes in obese patients. 

High BMI, older age, evidence of more severe metabolic 

dysfunction (i.e., the presence of hepatic steatosis, number 

of abnormal metabolic criteria, and values closer to the up-

per limit of the normal range), and a poor lifestyle index (a 

composite of diet composition, leisure time physical activi-

ty, and cigarette smoking) all increase the risk of transition-

ing from MHO to MUO (Fig. 1) [16,20–24]. The North West 

Adelaide Health Study (NWAHS) of 4,056 randomly select-

ed adults revealed that maintenance of an MHO phenotype, 

which was associated with favorable outcomes, was related 

to younger age and a more peripheral fat distribution [25]. 

Female sex, younger age, and lower initial weight and BMI 

were found to be significant predictors of sustained met-

abolic health in a primary care cohort from the Clinical 

Practice Research Datalink in the United Kingdom [22]. Our 

cohort study on the MHO phenotype and its CV outcomes 

also showed that a higher BMI and the presence of any risk 

factor at baseline were associated with a higher likelihood 

of incident impaired metabolic state [19]. 

CLINICAL OUTCOMES OF MHO WITH 
CONSIDERATION OF ITS DYNAMIC CHANGES 

CV outcomes and mortality 

The notion of MHO was derived from evidence indicat-

ing that a subgroup of obese adults lacks relevant car-

diometabolic risk factors, hence reducing their risk of CVD 

[20,26,27]. Despite this notion, numerous studies have 

revealed detrimental long-term effects in MHO populations 

[27–29]. Indeed, previous research showed that patients 

with MHO had a higher risk of CVD than MHNO individuals 

[28]. Using a Korean nationwide population-based cohort, 

our research team discovered that MHO status was associ-

ated with a significant risk of CV events, showing that MHO 

is not a benign condition in terms of CVD [19]. The risk of 

CV events was greater in the MHO group than in the MHNO 
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group (hazard ratio [HR], 1.14; 95% confidence interval [CI], 

1.05–1.24). In an updated analysis of metabolic health status 

and BMI 2 years after the baseline examination, we further 

discovered that the cardiovascular outcomes of the MHO 

group varied substantially according to their status change 

over time. Among participants with MHO initially, those 

who transitioned to MUO had a higher risk of CV events 

than those who maintained MHO status (HR, 1.24; 95% CI, 

1.00–1.54). Several cohort studies found poor CV outcomes 

in individuals who moved from MHO to a metabolically 

unhealthy phenotype [16,30,31]. In accordance with these 

prior studies, our findings demonstrated that MHO at base-

line does not ensure a favorable CV outcome for patients, 

especially when the switch to a metabolically unhealthy 

phenotype occurs. 

The term "obesity paradox" was adopted to explain the 

observation that, although higher BMI is associated with 

higher rates of diabetes, hypertension, dyslipidemia, and 

CVD, obese individuals with these conditions may have 

better survival outcomes than leaner individuals [32,33]. 

Similarly, those classed as normal weight or underweight 

may have a worse prognosis for CVD than those who are 

overweight, a phenomenon known as the "lean paradox" 

[34]. Our research indicated that, despite the higher inci-

dence of cardiovascular events in obese people regardless 

of their metabolic health, their all-cause mortality was com-

parable to or lower than that of nonobese, healthy people 

[19]. Indeed, MHO status at baseline was related to lower 

mortality than MHNO (HR, 0.86; 95% CI, 0.79–0.93) [19]. 

Those who transitioned from the MHO to the metabolically 

unhealthy nonobesity (MUNO) group—that is, shifting to 

a metabolically unhealthy status while concurrently losing 

body weight—had a higher all-cause mortality rate than 

those who remained in the MHO status (HR, 1.96; 95% CI, 

1.45–2.65). These data provide support for the "lean para-

dox" and highlight the heterogeneous nature of the MHO 

population. Interestingly, the shift from MUO to MUNO 

was also associated with significantly increased all-cause 

mortality (HR, 1.31; 95% CI, 1.15–1.49) when the persistent 

MUO group was used as the reference, but the transition 

from MUO to MHO was associated with lower all-cause 

mortality (HR, 0.77; 95% CI, 0.64–0.93). These findings fur-

ther reinforce the "lean paradox" by demonstrating that a 

catabolic condition, as indicated by weight loss, may be a 

powerful predictor of a poor prognosis. Further research on 

therapeutic interventions to prevent progression to a met-

abolically unhealthy phenotype might aid in improving the 

health effects of obesity. 

Diabetes 

Diabetes is a major public health issue causing several co-

morbidities and mortality worldwide, with an increasing in-

cidence and prevalence [35]. According to the International 

Diabetes Federation Diabetes Atlas, 537 million adults aged 

20 to 79 years had diabetes in 2021, and this number is 

Fig. 1. Risk factors for transition from metabolically healthy obesity to metabolically unhealthy obesity.

Metabolically healthy obesity Metabolically unhealthy obesity

Higher body mass index
Older age
Male sex

Hepatic steatosis

Less physical activity
Smoking

Metabolically healthy obesity
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expected to climb to 783 million by 2045 [36]. The reasons 

for the diabetes epidemic are numerous, including an in-

creased prevalence of obesity-related to a sedentary lifestyle 

and unhealthy diet [37]. 

Large-scale epidemiological studies conducted in Euro-

peans, Japanese, and Koreans found that MHO adults had a 

significantly higher risk of developing type 2 diabetes (T2D) 

than the respective MHNO reference groups [12,25,38,39]. 

The risk of developing T2D is substantially lower in those 

with MHO than in those with MUO, but it is still approxi-

mately fourfold higher than in those with MHNO [38] and is 

strongly related to the number of metabolic abnormalities 

[40–42]. In a 6-year follow-up cohort study of a rural Chi-

nese population, the participants with baseline MHO had 

an elevated risk of T2D, with an adjusted HR of 1.94 (95% 

CI, 1.33–2.81) [43]. However, the risk of T2D was higher for 

people who experienced the transition from MHO to MUO 

when compared to stable MHNO, but not for participants 

who did not experience this transition [43]. As a result, 

maintaining a metabolically healthy status is clinically im-

portant to alleviate the risk of incident diabetes in patients 

with obesity. 

Chronic kidney disease 

Obesity is an established risk factor for chronic kidney dis-

ease (CKD) [44–46]. To date, few longitudinal studies have 

investigated the risk of developing CKD in individuals with 

MHO [45,47–49]. In 2015, a Japanese study group reported 

that the MHO phenotype was not associated with a higher 

risk of developing CKD [49]. On the contrary, more recent 

studies have consistently proposed a significant association 

between MHO phenotype and incident CKD [45,47,50]. For 

example, a prospective cohort study including 62,249 met-

abolically healthy, young, and middle-aged men and wom-

en without CKD or proteinuria at baseline, showed that 

overweight and obesity were associated with an increased 

incidence of CKD [47]. Our research group investigated 

CKD risk in individuals with the MHO phenotype, with con-

sideration of its phenotypic transition over time [51]. Based 

on initial health examination results, MHO status was asso-

ciated with an elevated incidence of CKD (HR, 1.23; 95% CI, 

1.12–1.36), suggesting that MHO is not a benign condition 

in the context of renal outcomes. In a follow-up analysis of 

metabolic health status and BMI, we found that the risk of 

incident CKD in the MHO group was highly variable ac-

cording to the phenotypic transition. The risk of incident 

CKD was particularly high in people who had progressed to 

a metabolically unhealthy phenotype (i.e., MHO to MUNO 

or MUO) compared with the stable MHNO group (MHO to 

MUNO group: HR, 1.60; 95% CI, 1.16–2.20; MHO to MUO 

group: HR, 1.68; 95% CI, 1.45–1.96). In contrast, people 

who reduced their body weight and maintained metabolic 

health were not at a higher risk for developing CKD than 

the stable MHNO group (MHO to MHNO group: HR, 0.98; 

95% CI, 0.72–1.32). These data suggest that although people 

with MHO are at a high risk of CKD development, the risk of 

developing CKD could be mitigated if their body weight is 

well controlled while maintaining metabolic health. In oth-

er words, our results have important clinical implications 

that obesity is a modifiable risk factor in preventing CKD 

development in people with MHO, as well as emphasizing 

the significance of metabolic health in CKD development. 

Colorectal cancer 

Obesity is also related to the incidence of certain forms of 

cancer [52]. Obesity, in particular, is a risk factor for colorec-

tal cancer (CRC), one of the most frequent gastrointestinal 

malignant tumors globally [53]. To date, investigations have 

yielded contradictory results about the risk of CRC in MHO 

patients; nevertheless, an elevated risk of CRC has been 

found to be strongly related to MUO [54–58]. As a result, it is 

uncertain whether obesity, independent of obesity-related 

metabolic abnormalities, plays a role in the development 

of CRC. We investigated the relationship between obesity, 

metabolic health, and the transition of metabolic phenotype 

with CRC risk. The study comprised 319,397 patients from 

the Korean nationwide health examination cohort, and 

we divided obese patients into four groups based on their 

dynamic metabolic health status: MHO, MHO to MUO, 

MUO to MHO, and stable MUO [59]. We observed no sig-

nificant difference in incident CRC risk in the stable MHO 

group, compared to the stable MHNO group (HR, 0.97; 95% 

CI, 0.83–1.14). The MHO to MUO group, in contrast, had a 

higher incidence of incident CRC than the stable MHNO 

group (HR, 1.34; 95% CI, 1.15–1.57). Among patients with 

MUO at baseline, those who transitioned to the MHO group 

had no elevated risk of CRC (HR, 1.06; 95% CI, 0.91–1.25), 

but those who stayed in the stable MUO group had a higher 

126 www.e-jcpp.org

Yun Kyung Cho et al. Metabolically healthy obesity

Cardiovasc Prev Pharmacother 2022;4(4):123-131



risk of incident CRC than those who moved to the stable 

MHNO group (HR, 1.29; 95% CI, 1.19–1.41). Therefore, we 

suggest that when assessing the relationship between obe-

sity and CRC, physicians should examine patients' metabol-

ic health conditions and counsel them on the necessity of 

metabolic fitness. 

Dementia 

Obesity, as previously noted, is a well-known risk factor 

for a variety of cardiometabolic disorders and some types 

of cancer. However, obesity has been found to be protec-

tive against dementia in recent studies [60–64]. Recently, 

two cohort studies evaluated the effects of obesity without 

metabolic abnormalities on Alzheimer's disease (AD) in-

cidence [65,66]. A Korean study employing a nationwide 

cohort found that the MHO group had the lowest risk of 

AD (HR, 0.87; 95% CI, 0.86–0.88) compared to the MHNO 

group [66]. Similarly, in a longitudinal study of 1,199 Euro-

peans (drawn from the Alzheimer's Disease Neuroimaging 

Initiative database) who were initially free of AD, the risk 

of AD among elderly obese individuals was significantly 

reduced after adjusting for metabolic status (HR, 0.70; 95% 

CI, 0.56–0.89) [65]. Our findings, which were obtained from 

a Korean nationwide health examination cohort, are con-

sistent with those of prior research, which found that MHO 

individuals had a much lower risk of AD (HR, 0.73; 95% CI, 

0.65–0.81). Furthermore, we discovered that AD risk was 

significantly dependent on changes in BMI and metabolic 

health phenotypes, as well as baseline status. Maintaining 

the MHO phenotype, in particular, was associated with a 

much lower chance of developing AD even compared to the 

MHNO phenotype (HR, 0.62; 95% CI, 0.50–0.77). Among 

MUO participants at baseline, those who converted to the 

MUNO phenotype had a higher risk of AD, but those who 

transitioned to the MHO phenotype were protected from 

AD development (HR, 0.62; 95% CI, 0.50–0.78). In contrast, 

our additional analyses revealed that the MHO phenotype 

had no protective impact against vascular dementia. The 

pathophysiology of vascular dementia is most likely linked 

to stroke, as vascular insufficiency is the predominant 

pathophysiologic mechanism underlying both stroke and 

vascular dementia [67]. Previous research has found that 

MHO subjects have a similar or slightly higher risk of stroke 

than MHNO patients [19,28,68–71]. Because the patho-

physiology of vascular dementia differs from that of AD, the 

effects of fat on vascular dementia may differ from those of 

obesity on AD. 

In summary, the MHO phenotype has distinct clinical 

consequences for a variety of outcomes, which are largely 

different from those of MUO. Furthermore, the clinical im-

plications of MHO should also be considered in a context 

in which metabolic health is a transitory, not a permanent, 

state, as this aspect of MHO phenotype significantly impacts 

the clinical outcomes (Table 1) [19,43,51,59,72]. In general, 

recovery or maintenance of metabolic health could lead 

to a more favorable prognosis; therefore, clinicians should 

counsel obese patients about metabolic fitness to help pre-

vent the development of obesity-related comorbidities. 

PERSPECTIVES ON THE MUNO PHENOTYPE 

For a long time, the critical finding of very high CV risk and 

mortality in subjects with MUNO was underappreciated 

in research on the cardiometabolic risk of individuals ac-

cording to the obese metabolic health phenotype [73–77]. 

MUNO patients had a considerably higher risk of all-

cause mortality, CKD, and colorectal cancer in our studies 

[19,51,59]. Moreover, MHO individuals who changed to the 

MUNO status had substantially higher all-cause mortali-

ty than the stable MHO group, indicating the deleterious 

nature of this phenotype. Stefan et al. [78] recently sum-

marized the features of the MUNO phenotype; these lean 

subjects with metabolic risk factors have an unfavorable 

body fat distribution, such as a low leg fat mass, visceral 

obesity, or fatty liver. This phenotype is also characterized 

by decreased insulin secretion capacity and increased insu-

lin resistance, as well as poor cardiorespiratory fitness and 

carotid atherosclerosis [78]. These findings urge clinicians 

to develop clinical interventions to improve metabolic 

health in these individuals, despite not being classed as 

traditional obesity. Indeed, well-defined phenotyping strat-

egies will help to precisely understand the pathophysiology 

of cardiometabolic disease, allowing for targeted lifestyle 

and pharmacological interventions to prevent adverse out-

comes, including the ultimate goal of reducing mortality. 

CONCLUSIONS 

In the modern era of precision medicine, the heterogeneity 

Metabolically healthy obesity
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of clinical outcomes in obese people has significant impli-

cations. As the likelihood of developing cardiometabolic 

diseases is reliant on the presence of metabolic abnormali-

ties, a definition of obesity based purely on BMI status does 

not provide sufficient insight into current and future health 

outcomes. Previous research has demonstrated that those 

with MHO had a lower risk of future CVD, CKD, cancer, and 

mortality than people with MUO; nevertheless, an elevat-

ed risk for the majority of those outcomes was observed 

in MHO people compared to those with MHNO. Obesity 

appears to be protective against AD, particularly in the ab-

sence of metabolic abnormalities. Currently, there are no 

randomized, controlled trials on the effectiveness of obesity 

treatment between individuals with MHO and MUO; how-

ever, a substantial amount of evidence suggests that main-

tenance or recovery of metabolic fitness in obese individu-

als protects them from obesity-related adverse outcomes. 

Further epidemiological research may discover modifiable 

risk factors and therapeutic interventions to prevent con-

versions from MHO to MUO, thereby affecting the future 

cardiometabolic fate of obese patients. 
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INTRODUCTION 

The diagnosis of nonalcoholic fatty liver disease (NAFLD) 

requires the presence of imaging or histologically docu-

mented steatosis (>5%), and as a “condition of exclusion,” it 

is necessary to rule out secondary causes that induce such 

steatosis, such as alcohol intake, viral infection, drugs, and 

genetic factors [1,2]. However, based on the argument that 

the term “NAFLD” does not reflect the diversity and het-

erogeneity of the disease, a new definition was proposed 

along with a new term, “metabolic dysfunction-associated 
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fatty liver disease (MAFLD)” [3]. MAFLD is a “diagnosis of 

inclusion” that refers to a condition in which various liver 

diseases, including those induced by alcohol, may coexist. 

In particular, diabetes and insulin resistance (IR) are be-

coming important diagnostic criteria [4]. However, these 

two terms are often used interchangeably without an exact 

distinction, and the results of previous studies and our ex-

tant understanding of fatty liver are all based on the preex-

isting definition of NAFLD. In this review, the term “NAFLD” 

will continue to be used when describing previous research 

results. 

https://doi.org/10.36011/cpp.2022.4.e17


The global prevalence of NAFLD is approximately 25%, 

despite regional variation, and its prevalence is gradually 

increasing, which is related to the increasing prevalence of 

obesity [5–7]. NAFLD patients have a higher mortality rate 

than those without NAFLD, and NAFLD is clinically signif-

icant as an independent risk factor for cardiovascular dis-

ease (CVD) [8–11]. This review summarizes the molecular 

pathophysiology of IR, a key mechanism of NAFLD, which 

is emerging as an important culprit of CVD [12,13], and dis-

cusses therapeutic attempts based on this theoretical back-

ground.  

OBESITY, INFLAMMATION, AND IR 

It is well known that obesity promotes systemic inflamma-

tory conditions and is thus closely related to the induction 

of IR [14]. In particular, abdominal visceral fat is associ-

ated with peripheral and hepatic IR in patients with type 

2 diabetes, and excessive subcutaneous fat in men is also 

associated with hepatic and peripheral IR [15]. A compar-

ative study found that abdominal fat accumulation was 

correlated with IR, but subcutaneous fat accumulation 

was correlated with the level of leptin [16]. Thus, IR may be 

affected by fat distribution, especially abdominal obesity, 

rather than simple obesity. The levels of adiponectin, an ad-

ipokine secreted from adipocytes, are inversely associated 

with the amount of fat in the abdomen and liver, which is 

closely related to hepatic and peripheral IR [17,18]. Obesity 

and its subsequent activation of proinflammatory path-

ways, including tumor necrosis factor-α (TNF-α), C-reactive 

protein, interleukin-6 (IL-6), plasminogen activator inhib-

itor-1, and leptin, are considered an important causative 

element in the pathophysiology of IR [14,19]. A rat-based 

study identified for the first time that adipocytes express the 

inflammatory cytokine TNF-α, and in particular, TNF-α lev-

els are further increased in the obese state [20]. Consistent 

results have also been reported in humans [21]. Obesity is 

also associated with elevated IL-6 levels [22]. The elevation 

of TNF-α and IL-6 is thought to have a causal relationship 

with IR and type 2 diabetes [23]. Endoplasmic reticulum 

stress, reactive oxygen species, and ceramide induced in 

conditions of obesity or excessive nutrient intake lead to 

activation of the nuclear factor-κB (NF-κB) pathway and the 

c-Jun NH2-terminal kinase (JNK) pathway, resulting in an 

increase in inflammatory cytokines that inhibit insulin sig-

naling [19,24–27]. In a knockout mouse model, inhibition 

of JNK1 and the inhibitor of NF-κB kinase β (IKK-β), which 

activates NF-κB, ameliorated IR locally (liver) or systemi-

cally [28,29]. The anti-inflammatory mechanism of insulin 

is well known [30,31]. As a mechanism of mutual influence, 

IR caused by activation of the inflammatory pathway fur-

ther exacerbates inflammation, resulting in a vicious cycle 

(Fig. 1) [32]. 

IR AND HEPATIC STEATOSIS/STEATOHAPATITIS 

NAFLD is a disease with a diverse spectrum that leads to 

nonalcoholic steatohepatitis (NASH) and cirrhosis, and 

is closely related to the development of type 2 diabetes, 

as well as CVD [33]. The association between NAFLD and 

hepatic IR, as well as systemic or adipocyte IR, has been 

well documented in previous studies [34–36], and the rela-

tionship may be independent of the degree of visceral fat 

[37,38]. In research from recent decades, IR has been con-

sidered a key mechanism responsible for the development 

and progression of NAFLD [33,39,40]. The hepatic fatty 

acid supply, the source of triacylglycerol (TG) synthesis, 

is largely divided into diet, lipolysis, and hepatic de novo 

lipogenesis (DNL) [36]. In addition to the dietary fatty acid 

supply from a high-fat diet, a high-carbohydrate diet also 

promotes DNL in the liver [41]. The most important con-

cern is that the largest source of TG synthesis in patients 

with NAFLD under dietary control is free fatty acids (FFAs) 

from lipolysis in adipocytes [42]. Insulin has a strong ana-

bolic action, especially insofar as it promotes the synthesis 

of adipocytes while inhibiting lipolysis. The suppression of 

the antilipolysis effect of insulin under IR conditions leads 

to the excessive production of FFAs, which enter the liver 

and accumulate [43,44]. Moreover, hyperinsulinemia under 

IR conditions also promotes DNL. In mouse models, hepat-

ic adipogenesis was regulated according to the activity of 

sterol receptor binding protein 1c (SREBP-1c) [45,46], and 

increased insulin levels activate SREBP-1c [47]. As a result, 

elevated TG levels are used as another source of circulating 

FFAs, and during this process, very-low-density lipoprotein 

synthesis is also elevated. However, activation of the fork-

head box protein A2 (FOXA2) promotes lipid metabolism 

and ketogenesis (i.e., fatty acid oxidation). FOXA2 is activat-

ed in low-insulin conditions, such as a fasting state, while 

remaining inactive in hyperinsulinemia with IR, promoting 
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hepatic lipid accumulation (Fig. 1) [48]. 

Through these various effects, IR induces early hepatic 

steatosis, which can be said to be an “adaptation process” 

for excessive FFA influx. As part of this adaptation process, 

hepatic mitochondrial respiratory rates are increased in 

obese individuals with IR only but no NASH [49]. Reducing 

the conversion to TG by inhibiting diacylglycerol O-acyl-

transferase 2, a key enzyme in the conversion process from 

FFA to TG, causes excessive fatty acid oxidation through 

cytochrome P450 2E1 (CYP2E1) and increases oxidative 

stress. This leads to hepatocellular damage that worsens 

into steatohepatitis [50]. 

Although IR is described as a major physiological cause of 

fatty liver, some hypotheses and evidence also suggest that 

fatty liver itself is one of the major causes of IR exacerbation 

under various conditions, such as a high-fat diet [36,51,52]. 

FFA influx into the liver induces abnormal increases in 

long-chain fatty acyl-CoA and diacylglycerol/TG, and in-

creased levels of these substances induce the translocation 

of protein kinase C-δ (PKC-δ) from the cytosol to the plasma 

membrane, resulting in its activation. It is thought that this 

activated PKC-δ phosphorylates insulin receptor substrates 

and molecules in the insulin pathway, causing hepatic IR 

and increased glucose production in the liver [53]. FFAs also 

activate the IKK-β and JNK pathways, inducing IR via PKC-θ 

activation [54]. These NF-κB and JNK pathways are also ac-

tivated by Toll-like receptor, which can be activated by fatty 

acid influx [55,56]. When SREBP-1c, which is activated in 

hyperinsulinemia and plays a role in promoting DNL, was 

overexpressed in mice, the homeostasis model assessment 

of IR (HOMA-IR), a metric for evaluating IR, increased [57]. 

Mice with fatty liver induced through the inhibition of fatty 

Fig. 1. Link between insulin resistance and the development and progression of nonalcoholic fatty liver disease. ChREBP, carbohydrate 
response element-binding protein; CRP, C-reactive protein; DAG, diacylglycerol; DNL, de novo lipogenesis; ER, endoplasmic reticulum; 
FA, fatty acid; FFA, free fatty acid; FOXA2, forkhead box protein A2; IL-6, interleukin-6; JNK, c-Jun NH2-terminal kinase; NASH, nonalco-
holic steatohepatitis; NF-κB, nuclear factor-κB; PAI-1, plasminogen activator inhibitor-1; ROS, reactive oxygen species; SREBP-1c, sterol 
receptor binding protein-1c; TG, triacylglycerol; TLR, Toll-like receptor; TNF-α, tumor necrosis factor-α; VLDL, very-low-density lipoprotein.
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acid oxidation showed systemic IR [58]. A particularly in-

teresting fact is that “hepatic mitochondrial flexibility (in-

creased mitochondrial respiratory rates)” is lost in NASH, 

while hepatic IR and systemic inflammation further prog-

ress [49], leading to a vicious cycle (Fig. 1). 

In NAFLD with hepatic IR, the concept of pathway-spe-

cific hepatic insulin resistance was introduced to explain 

the paradoxical condition in which DNL is increased, 

whereas the inhibition of hepatic gluconeogenesis is rather 

impaired, even in hyperinsulinemia. That is, the insulin 

activation pathway protein kinase B/forkhead box protein 

O1 pathway is inhibited, whereas the SREBP-1c pathway is 

maintained and activated [59]. However, recently, the role 

of lipogenic substrates has been recognized as important 

in this process, and a recent review described research re-

sults showing that the activation of carbohydrate response 

element-binding protein (ChREBP) induces an increase in 

precursors of DNL and an increase in enzymes that aggra-

vate hepatic steatosis, especially under exposure to lipogen-

ic substrates (Fig. 1) [60]. 

If conditions of IR and increased FFA influx persist, he-

patic damage caused by reactive oxygen species induced 

by fatty acid oxidation and direct lipotoxicity accumulates. 

At this stage, hepatic macrophages (i.e., Kupffer cells), es-

pecially proinflammatory M1 Kupffer cells stimulated by 

Toll-like receptor ligands and interferon-γ, play an import-

ant role in the progression of NAFLD to fibrosis or NASH. 

These cells secrete inflammatory cytokines (TNF-α, IL-6, 

etc.) that induce hepatic and systemic IR (Fig. 1) [61,62]. 

In actual clinical studies, the degree of IR evaluated by 

HOMA-IR could predict the current fibrosis stage and fu-

ture fibrosis progression in patients with NAFLD [63–66]. 

Changes in HOMA-IR were even associated with changes 

in fibrosis status when evaluated by noninvasive fibrosis 

indices [67]. 

IR AND THERAPEUTIC POTENTIAL 

Based on the mechanisms of IR interconnected with the de-

velopment and progression of NAFLD/MAFLD described 

so far, it can be inferred that a therapeutic approach focused 

on improving IR may be the key to treating NAFLD/MAFLD 

[1,2]. Clinically, improvements in hyperinsulinemia alone 

could actually reduce the risk of NAFLD in subjects without 

diabetes [39]. To date, regardless of obesity or diabetes, the 

only validated and approved treatment for NAFLD/MAFLD 

is lifestyle modification [1,2,68]: weight loss [69–73], calorie 

restriction [74,75], sustained exercise above a certain inten-

sity [76–78], or a combination of these interventions [70,79]. 

Hepatic steatosis improved only with a weight loss of 5% or 

more, and a weight loss of 7% or more provided histologi-

cal improvement such as inflammation and fibrosis. When 

diet was restricted to 30% or less than 1,000 kcal per day, 

hepatic steatosis and IR improvement could be obtained. 

In addition, exercising for 150 minutes or more per week or 

engaging moderate-intensity exercise (≥10 minutes) five or 

more times per week was found to lead to improvements in 

NAFLD and aminotransferase enzyme levels, regardless of 

body mass index or weight loss. In particular, incorporat-

ing exercise rather than diet restriction alone led to more 

weight loss and histological improvement. 

Pharmacological treatment may also be helpful, although 

it is limited to cases that have progressed to NASH or fibro-

sis and cases accompanied by complications such as diabe-

tes. Among insulin sensitizers, metformin, a representative 

member of the biguanide class, improved aminotransferase 

levels and liver volume in NASH patients [80], and, in an 

open-label, randomized control trial, metformin showed 

better improvement in liver enzyme levels than vitamin E 

or dietary regimens. However, histological improvement 

could not be confirmed statistically [81]. A meta-analysis 

interpreting various other randomized controlled trials con-

firmed that metformin can help improve liver enzyme levels 

and IR, but does not guarantee histological improvement 

[82]. 

Pioglitazone, which is the only approved and available 

thiazolidinedione in the United States and Europe exclud-

ing Korea, is an agonist of peroxisome proliferator-activated 

receptor-γ that has demonstrated histological improvement 

in patients with NASH with or without type 2 diabetes in 

many studies [83–86]. In those studies, administration of 

pioglitazone led to improvements in the NAFLD activity 

score and liver enzyme levels, as well as some improvement 

in fibrosis, compared to the control group. In a multicenter, 

prospective, open-label, exploratory clinical trial conducted 

in Korea, lobeglitazone also showed improvements in liver 

enzyme levels and hepatic steatosis evaluated by transient 

liver elastography [87]. Thiazolidinedione improves IR in 

various parts of the body, such as the skeletal muscle and 

fat, as well as the liver, and redistributes liver and visceral fat 
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to the periphery. It also promotes fatty acid oxidation. The 

most common adverse event is an increase in body weight. 

Although some studies have reported that pioglitazone is 

associated with an elevated risk for bladder cancer [88], 

other studies have found no such associations [89]. 

Vitamin E is expected to improve IR through its antioxi-

dant effects, and it led to histological improvements in non-

diabetic NASH patients in the Placebo for the Treatment 

of Nondiabetic Patients with Nonalcoholic Steatohepatitis 

(PIVENS) trial [84]. In this trial, 800 IU/day of vitamin E 

supplementation showed improvement in NAFLD activity 

score, hepatocellular ballooning, and lobular inflammation. 

In the Treatment of NAFLD in Children (TONIC) trial for 

children aged 8 to 17 years, vitamin E prescription did not 

show a statistically significant reduction in alanine amino-

transferase and hepatic steatosis, but it was confirmed that 

hepatocellular ballooning improved, and the NASH disap-

pearance rate was high [90]. A meta-analysis study based on 

randomized clinical trials has demonstrated the usefulness 

of vitamin E for NAFLD/NASH [91]. For NASH patients who 

are not obese, some societies may consider prescribing vi-

tamin E under the premise that there is no diabetes and cir-

rhosis [68]. However, further research is still needed on the 

issue of long-term safety, including mortality or malignan-

cy, and the consistency of effectiveness of this agent [92,93]. 

Some published studies have demonstrated the effects of 

glucagon-like peptide-1 (GLP-1) agonists on NAFLD/NASH 

[94,95]. In NASH patients, when 1.8 mg of liraglutide was 

administered subcutaneously daily, the NASH remission 

rate was four times higher than in the placebo group (relative 

risk, 4.3) and the risk of fibrosis progression was five times 

lower (relative risk, 0.2) [94]. Moreover, when 0.1 to 0.4 mg 

of semaglutide was subcutaneously administered daily, the 

NASH remission rate was at least two times higher than in 

the placebo group, and in particular, the 0.4-mg administra-

tion group had a NASH remission rate that was more than 

three times higher (17% vs. 59%) [95]. Recent studies have 

suggested various metabolic benefits of sodium-glucose 

cotransporter 2 (SGLT2) inhibitors. In patients with type 

2 diabetes who received empagliflozin (25 mg) daily for 

24 weeks, compared to the placebo group, the decrease in 

intrahepatic fat mass as assessed by magnetic resonance 

imaging was 2.3 times greater, and the adiponectin level 

increased (36%). However, there was no change in insulin 

sensitivity [96]. In type 2 diabetes patients with NAFLD 

who received dapagliflozin (10 mg) daily for 12 weeks, the 

amount of intrahepatic fat was also significantly reduced 

compared to the placebo group (5.8±5.1 Hounsfield units 

vs. 0.5±6.1 Hounsfield units, P=0.006), but there were no 

significant changes in the levels of adipokines, such as adi-

ponectin [97]. However, GLP-1 agonists and SGLT2 inhibi-

tors are not yet officially recommended for the treatment of 

NAFLD/MAFLD [2,68]. 

In addition to the agents mentioned above, new concepts 

of drugs are being proposed. In the case of elafibranor, a 

proliferator-activated receptor-α/δ agonist, histological im-

provement could not be confirmed in NASH patients, but 

improvements in HOMA-IR, FFA, and TG were identified 

in more severe inflammatory conditions [98]. Obeticholic 

acid, a farnesoid X receptor agonist, which can be expected 

to improve steatosis by inhibiting the expression of SREBP-

1c and ChREBP, is currently undergoing a phase 3 clinical 

study. According to the data published so far, histological 

improvement was shown in NAFLD/NASH patients, but its 

safety was not yet proven [99,100]. 

CONCLUSIONS 

The clinical significance of NAFLD/MAFLD is increasingly 

being emphasized, as its prevalence increases, and there is 

currently a shift toward new definitions and concepts of this 

condition. IR is a key pathophysiological mechanism that 

can be both a cause and a consequence of NAFLD/MAFLD. 

Fatty liver is a representative phenotype of various metabol-

ic diseases, and active early management and attention are 

needed given its role in increasing the risk of CVD. 
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INTRODUCTION 

The prevalence of obesity continues to increase worldwide, 

and Korea is no exception to this trend [1,2]. Obesity is asso-

ciated with a variety of diseases, including type 2 diabetes, 

metabolic syndrome, renal impairment, cancer, and cardio-

vascular disease. Thus, obesity increases medical costs and 

imposes a burden on public health [3,4]. According to the 

2021 Obesity Fact Sheet published by the Korean Society for 

the Study of Obesity (KSSO), 36.3% of adults over 20 years 

of age were obese when obesity was defined as a body mass 

index (BMI) of 25 kg/m2 or more. The prevalence of obesity 

has consistently increased over the past 11 years, and a par-

ticularly sharp increase has been observed in men (46.2%) 
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The incidence of obesity is increasing throughout the world, including Korea. Liraglutide, the main purpose of which is glucose con-
trol, has recently gained significant attention due to its additional effect on weight loss. Liraglutide injections have been widely used 
as an important treatment for obese patients in Korea. In addition to weight loss, liraglutide has various other effects, such as pre-
vention of cardiovascular disease. Despite its excellent effect on weight loss, notable side effects, such as nausea and vomiting, 
have also been associated with liraglutide. Despite these side effects, liraglutide has not been discontinued due to its beneficial ef-
fects on weight loss. Nonetheless, there are reports wherein patients did not experience weight loss upon taking the drug. As such, 
there is a possibility of liraglutide misuse and abuse. Therefore, physicians need to have a broad understanding of liraglutide and 
understand the advantages and disadvantages of liraglutide prescription. 
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[5]. In addition, the risk of type 2 diabetes, other cardiovas-

cular diseases, and cancer has increased in obese Korean 

patients, similar to the trends reported in other countries 

[5]. Therefore, the prevention of obesity through systematic 

management and active treatment of obese patients is im-

portant in the management of other related comorbidities. 

The KSSO's 2020 Guidelines for the Management of 

Obesity recommend diet, exercise, and behavioral therapy 

as basic treatment methods for obesity, as well as pharma-

cological treatment and surgery in certain scenarios [6]. In 

patients with a BMI ≥25 kg/m2, pharmacological treatment 

should be considered when nonpharmacological treat-

ments, such as diet, exercise, and behavioral therapy, fail 

to contribute to weight loss. If a patient does not lose more 
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than 5% of his or her baseline weight within 3 months of 

initiating pharmacological treatment, it is recommended 

to either change or discontinue the drug [6]. The obesity 

drugs available in Korea include orlistat, a combination of 

naltrexone extended-release (ER) with bupropion ER, lira-

glutide, and a phentermine-topiramate ER combination. 

Among them, liraglutide, a glucagon-like peptide-1 (GLP-1) 

receptor agonist (RA), is an injection with proven effects on 

weight loss. It is currently used as an important treatment 

for obesity in Korea. Therefore, this review was conduct-

ed to analyze the results of various clinical studies on the 

mechanism of action and weight loss effects of liraglutide 

and to summarize its side effects. 

LIRAGLUTIDE AS AN ANTIOBESITY DRUG 

In Korea, Xenical (Roche, Basel, Switzerland), a lipase in-

hibitor with the generic name of orlistat, was prescribed 

as a full-fledged antiobesity drug in the 2000s. Although 

Xenical was a high-selling obesity treatment at the time of 

its launch, its weight loss effect was not higher than place-

bo treatment (2.8%). Compliance with Xenical was poor 

due to frequent side effects, such as fatty stools, abdominal 

distension, flatus, and defecation incontinence. The nal-

trexone ER-bupropion ER combination, which appeared 

next, also showed no significant weight loss compared to 

placebo (3.2% to 5.2% per year), and patients often did not 

achieve the desired weight loss. In addition, this combi-

nation was not actively used for antiobesity treatment due 

to its side effects on the digestive system, such as nausea/

vomiting, and various neurological side effects, such as 

dizziness and anxiety. Saxenda, a GLP-1 RA derivative with 

liraglutide as an active ingredient, was developed by Novo 

Nordisk (Bagsværd, Denmark). Saxenda was developed by 

varying the dose of Victoza, another brand-name diabetes 

drug containing liraglutide [7]. In a long-term clinical study, 

weight loss due to treatment with 0.3 mg of liraglutide was 

reported to be 5.4% to 6.0%, which was superior to that 

achieved using existing antiobesity drugs [8]. A real-world 

data analysis also reported that liraglutide had a greater ef-

fect on weight loss than orlistat [9]. 

MECHANISM OF ACTION OF LIRAGLUTIDE 

GLP-1 is an incretin peptide hormone that is rapidly secret-

ed from the small intestine when food is absorbed [10,11]. 

GLP-1 receptors are in various organs; in particular, GLP-

1 receptors in the pancreas act in a glucose-dependent 

manner to stimulate insulin secretion and inhibit glucagon 

secretion [12,13]. In addition, GLP-1 stimulates anorexi-

genic neurons and inhibits orexigenic neurons, thereby in-

creasing satiety, delaying gastric emptying, and decreasing 

appetite [14]. It also regulates food intake through direct 

effects on vagal afferent neurons in the digestive system 

[15]. GLP-1 RA-induced weight loss occurs through various 

mechanisms. In fact, postprandial GLP-1 levels rise after 

bariatric surgery (also known as metabolic surgery), which 

can improve glucose metabolism and affect weight loss [16]. 

GLP-1 has a very short half-life of 1.5 minutes when ad-

ministered intravenously and 1.5 hours when administered 

subcutaneously [17]. To extend the half-life of GLP-1 RAs, li-

raglutide was acylated to prevent degradation by reversible 

binding to serum albumin, making it possible to administer 

a single subcutaneous dose daily [17]. Therefore, liraglu-

tide is classified as a GLP-1 derivative with more than 90% 

sequence similarity to the human GLP-1 [18]. Liraglutide 

(Saxenda, 3.0 mg) is currently approved for the treatment 

of obesity in many countries, including Korea, and has a 

97% sequence similarity to human GLP-1. The plasma con-

centration of liraglutide peaks 11 hours after subcutaneous 

administration and has a half-life of 13 hours [18]. 

THE CLINICAL EFFECTS OF LIRAGLUTIDE 

Effects on weight loss 

The safety and efficacy of liraglutide in weight loss have 

been reported in various studies such as the Satiety and 

Clinical Adiposity: Liraglutide Evidence (SCALE) program 

trial, a phase 3 study targeting 5,339 overweight or obese 

patients [19–22]. Before the start of each study, all subjects 

were asked to implement diet and exercise therapy (active 

physical activity for at least 150 minutes per week) through 

lifestyle modification counseling. A significantly greater 

mean weight loss was confirmed with liraglutide than with 

placebo across the various SCALE trials [8,19–21,23,24]. 

The SCALE Obesity and Prediabetes trial was the largest 

and longest-running study among the SCALE programs [8]. 

In a 56-week double-blind trial investigating the effect of li-

raglutide on weight loss, 2,487 adults with a BMI of 30 kg/m2  
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or higher were administered liraglutide (experimental 

group), while 1,244 adults received placebo (control group). 

The individuals were observed for 56 weeks. At week 56, 

an average weight loss of 8.4±7.3 kg was observed in the 

liraglutide-administered group, while an average of 2.8±6.5 

kg was observed in the placebo group (95% confidence 

interval, –6.0 to –5.1; P<0.001) [8]. Furthermore, in the li-

raglutide group, 63.2% of patients had a weight loss of 5% 

or more compared to baseline, versus only 27.1% in the 

control group (P<0.001). In the liraglutide group, 33.1% of 

participants had a weight loss of 10% or more, whereas this 

was the case for only 10.6% of patients in the control group 

(P<0.001) [8]. 

Among other studies in the SCALE program, the 56-week 

SCALE Diabetes trial confirmed the efficacy of liraglutide 

for weight management in overweight or obese patients 

and type 2 diabetes patients [19]. The SCALE Maintenance 

trial evaluated the efficacy of liraglutide for maintaining 

weight loss achieved during a low-calorie diet (1,200 to 1,400 

kcal/day) in patients without diabetes for 56 weeks, show-

ing a weight loss of 6.2% in the liraglutide group [21]. In 

addition, the SCALE Sleep Apnea trial evaluated the change 

in the apnea-hypopnea index after 32 weeks of liraglutide 

treatment in adults with obesity and moderate or severe 

obstructive sleep apnea, but not diabetes [23]. The placebo 

group showed an average weight loss of 1.6%, while the lira-

glutide group showed an average weight loss of 5.7%. 

Subsequently, additional studies were conducted on the 

efficacy and safety of liraglutide for the treatment of obesity. 

The SCALE IBT trial compared the effects of intensive be-

havioral therapy (IBT) and liraglutide combination therapy 

with IBT and placebo for 56 weeks on weight loss in adults 

[24]. After 56 weeks, the IBT and liraglutide group showed 

a weight loss of 7.5%, while the IBT and placebo group 

showed a weight loss of 4.0% [24]. Additionally, in the lira-

glutide-treated group, 61.5% of the total patients showed 

a weight loss of 5% or more compared to baseline (versus 

38.8% in the placebo group), and 30.5% of the total patients 

showed a weight loss of 10% or more compared to baseline 

[24]. The SCALE Insulin trial investigated the efficacy and 

safety of liraglutide in overweight or obese patients with 

type 2 diabetes treated with basal insulin and up to two oral 

antidiabetic drugs [25]. In a study conducted concurrently 

with IBT for 56 weeks, the liraglutide group showed a weight 

loss of 5.8% compared to baseline, whereas the control 

group showed a weight loss of 1.5% [25]. In addition, 51.8% 

of the liraglutide-administered group showed a weight loss 

of 5% or more compared to baseline, but the proportion in 

the control group was only 24.0% [25]. 

Studies have also reported the effects of liraglutide as 

a treatment for obesity in Koreans [26]. In a retrospective 

analysis of the weight loss effect of liraglutide in patients 

with an average BMI of 30.8 kg/m2, weight loss of 3.2±1.8 

kg after 1 month, 4.5±2.3 kg after 2 months, 6.3±2.6 kg after 

3 months, and 7.8±3.5 kg after 6 months was confirmed, 

and fat (–11.06%±10.4%) was reduced more than muscle 

(–3.56%±29.7%) [26]. In an analysis using real-world data, 

the superiority of liraglutide in terms of its effect on weight 

loss was underscored upon comparison with existing obe-

sity treatment [9]. The effects of orlistat and liraglutide were 

retrospectively analyzed for 6 months in 500 patients with 

a BMI ≥30 kg/m2 or a weight-related disease [9]. The ob-

served weight loss was 7.7 kg in the liraglutide-administered 

group and 3.3 kg in the orlistat-administered group [9]. In 

addition, more individuals lost at least 5% of their baseline 

weight with liraglutide (64.7%) than with orlistat (27.4%) 

[9]. Therefore, the weight loss effect of liraglutide, which 

was demonstrated in several clinical studies, was also con-

firmed through real-world evidence; in particular, its effect 

was found to be superior to that of orlistat. The effects of 

liraglutide administration on body weight in major studies 

are summarized and presented in Fig. 1 [8,19,21–23]. 

Effects on metabolic parameters 

A 24-week cohort study investigated the effects of liraglutide 

on body composition [27]. This study was conducted on 

patients with type 2 diabetes who were overweight or obese 

with a hemoglobin A1c of 6% to 10%, and body composi-

tion-related indicators were measured by dual-energy X-ray 

absorptiometry before and after 24 weeks of treatment [27]. 

In the analysis adjusted for age, sex, and duration of diabe-

tes, liraglutide showed effects not only on BMI, but also on 

fat mass (–2.01 kg, P=0.015), fat mass index (–0.71 kg/m2, 

P=0.014), android fat (–1.72%, P=0.022), trunk fat (–1.52%, 

P=0.016), and waist circumference (–6.86 cm, P<0.001) [27]. 

Based on these significant changes in weight loss and body 

fat, the effects of liraglutide on various cardiometabolic risk 

factors have been reported. 

The liraglutide group showed significant improvements 
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in systolic blood pressure, waist circumference, hemoglobin 

A1c, total cholesterol, and triglycerides were observed in all 

phase 3 SCALE trials [8,19–21,23,24]. In the SCALE Insulin 

trial, a significant decrease in blood glucose and basal in-

sulin requirement was observed in the liraglutide-admin-

istered group [25]. A study on polycystic ovary syndrome 

patients also showed that the weight loss effect of liraglutide 

was superior to that of metformin, an existing treatment [28]. 

Therefore, further studies evaluating the weight loss effect 

of liraglutide in various diseases accompanied by obesity 

are expected in the future. 

Effects on cardiovascular prevention 

Although the cardiovascular effects of liraglutide were not 

sufficiently validated in the SCALE trials, various data relat-

ed to cardiometabolic risk and major adverse cardiovascu-

lar events were collected. These data were integrated and 

analyzed to evaluate the cardiovascular effects of liraglutide. 

The overall risk of cardiovascular events, calculated based 

on data from 5,908 patients, was lower in the liraglutide 

group than in the placebo group (treated group, 1.54 events 

per 1,000 person-years vs. placebo group, 3.83 events per 

1,000 person-years; P=0.07) [29]. In another Liraglutide Ef-

fect and Action in Diabetes: 

Evaluation of Cardiovascular Outcome Results (LEAD-

ER) trial in which liraglutide (1.8 mg) was administered 

to patients at high risk of cardiovascular events with type 

2 diabetes, the liraglutide group had a significantly lower 

incidence of major adverse cardiovascular events than the 

placebo group [30]. 

However, the patients included in the LEADER trial had 

type 2 diabetes and a higher risk of cardiovascular events 

than the patients included in the SCALE trial, and a liraglu-

tide dose of 1.8 mg was administered in the LEADER trial. 

Therefore, additional studies are needed to determine the 

cardiovascular effects of liraglutide in obese patients. In ad-

dition, a follow-up study is needed to evaluate whether the 

benefits of liraglutide (1.8 mg) on the cardiovascular system 

in the LEADER trial reflect the direct effects of this GLP-1 

RA or the effects of weight loss and improved blood sugar 

levels. 

SIDE EFFECTS AND CONTRAINDICATIONS 

The most common side effects of liraglutide are gastroin-

testinal, such as nausea, vomiting, diarrhea, constipation, 

digestive disorders, abdominal pain, bloating, gastroesoph-

Fig. 1. Weight loss effects in representative studies investigating weight loss induced by liraglutide. SCALE, Satiety and Clinical Adiposi-
ty: Liraglutide Evidence.
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ageal reflux, dry mouth, and gastritis [31]. In addition, red-

ness at the injection site, fatigue, lethargy, dizziness, and 

sleep disturbances have also been reported [31]. Liraglutide 

is also known to increase the levels of amylase and lipase 

and increase the risk of the development of gallstones [6]. 

Furthermore, 16% to 39% of patients treated with liraglu-

tide complained of these side effects, whereas 4% to 14% 

of patients treated with placebo reported these adverse 

reactions [8,19]. Most of them were mild or transient at the 

start of treatment, and the likelihood of discontinuing the 

drug owing to side effects was reported to be low [8,19–

21,23,24,32,33]. However, it should be explained to patients 

receiving liraglutide that nausea, vomiting, diarrhea, con-

stipation, and digestive disorders may occur at the initial 

stage of drug administration and during the dose-escalation 

phase [8,19]. If vomiting is severe, sufficient fluid intake is 

recommended to prevent dehydration and renal dysfunc-

tion due to dehydration. 

In a postmarketing survey, acute pancreatitis was ob-

served in patients receiving liraglutide, and throughout 

the SCALE program, pancreatitis was observed in 0.3% of 

patients who received liraglutide versus 0.1% in the placebo 

group [31]. However, the risk of pancreatitis due to liraglu-

tide administration was reported to be very low when 3,720 

person-years were analyzed for all doses of liraglutide [31]. 

Gallbladder-related side effects, including acute cholecysti-

tis, were more common in the liraglutide group than in the 

placebo group in the SCALE trials (cholelithiasis, 2.2% in 

the liraglutide group vs. 0.8% in the placebo group; chole-

cystitis, 0.8% in the liraglutide group vs. 0.4% in the placebo 

group) [8,19–21,23,24]. Based on this, the KSSO Guidelines 

for the Management of Obesity recommend that patients 

with a history of pancreatitis or currently suffering from 

pancreatitis must avoid liraglutide administration, and the 

occurrence of cholelithiasis should be monitored [6]. In fact, 

gallbladder disease and cholecystitis can occur in patients 

rapidly losing weight by any means, and this risk increases 

with greater weight loss. The incidence of gallbladder dis-

ease and cholecystitis in patients with sudden weight loss 

unrelated to liraglutide is known to vary substantially from 

4.4% to 11.0% [34]. Since liraglutide is an antiobesity drug 

based on a drug that regulates blood glucose levels, it is 

important to observe the effect of liraglutide administration 

on blood glucose levels. In the SCALE Insulin trial, hypogly-

cemia was less common in the liraglutide group than in the 

placebo group: 742.3 cases per 100 patient-years in the lira-

glutide-treated group and 937.9 cases per 100 patient-years 

in the placebo group, using the American Diabetes Associa-

tion's definition of hypoglycemia [25]. 

Liraglutide is contraindicated in pregnant women and in 

patients with medullary thyroid cancer, multiple endocrine 

neoplasia syndrome type 2, or a family history of those 

conditions. Although the evidence for the development of 

neoplastic tumors in obese patients treated with liraglutide 

is limited, a causal relationship between the occurrence of 

neoplastic tumors and liraglutide has not yet been estab-

lished [35]. 

CONCLUSIONS 

Liraglutide, a GLP-RA that is administered subcutaneous-

ly once a day, has shown significant effects on weight loss 

compared to the placebo group in various clinical studies. 

In addition to its effect on weight loss, liraglutide improved 

various cardiometabolic risk factors, such as lowering blood 

pressure, dyslipidemia, and blood glucose levels, which are 

closely related to obesity. In various clinical studies, serious 

side effects that require discontinuation of liraglutide ad-

ministration did not occur, but digestive system side effects, 

such as nausea, vomiting, and other digestive disorders, 

were noted frequently. Although a clear causal relationship 

has not yet been established, liraglutide requires attention, 

as cholelithiasis and pancreatitis have been reported. 

Therefore, when prescribing liraglutide, it is necessary 

to have a detailed discussion with patients about the ex-

pected clinical effects and side effects of the drug. This can 

lead to successful treatment of obesity. In the future, if the 

administration interval of the drug is increased or an oral 

dosage form becomes possible, patients' adherence to the 

medication is expected to increase. Eventually, liraglutide 

can be expected to show significant effects on weight loss in 

patients. 
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Background: The burden of cardiovascular disease (CVD) is significant in Korea. Ultimately, public knowledge and awareness of 
CVD risk factors and prevention are essential to reduce its burden. Hence, this study aimed to examine the level of public aware-
ness of CVD risk factors and prevention in Korea in 2022. 
Methods: We used data from the Cardiovascular Disease Prevention Awareness Survey conducted by the Korean Society of Cardio-
vascular Disease Prevention in June 2022. Using a structured web-based questionnaire, 2,000 individuals aged 20 years or more 
were surveyed on computers or mobile devices. Information on sociodemographic characteristics, the presence of cardiometabolic 
disease, CVD concerns and self-assessed likelihood, and awareness of CVD prevention were analyzed. 
Results: Cancer (44.3%) was the most feared disease, followed by CVD (19.5%). Nevertheless, most respondents stated that they 
were likely to develop CVD in their lifetime (67.4%). Only 9.2% of respondents were aware of the details of recommendations to pre-
vent CVD, and this level of knowledge was also low among respondents with cardiometabolic diseases (10.7%). Not smoking, being 
physically active, eating a healthy diet, and reducing alcohol consumption were deemed easy to implement. On the contrary, reduc-
ing stress, being physically active, and eating a healthy diet were considered the most difficult recommendations to practice. 
Conclusions: Public awareness of CVD risk factors and prevention appeared to be insufficient in Korea. Our research suggests that 
simple but practical recommendations should be conveyed and promoted to raise public awareness, which is currently inadequate.  
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INTRODUCTION 

Cardiovascular disease (CVD) is the leading cause of death 

and disability worldwide [1]. In previous decades, consid-

erable global efforts have achieved substantial progress 

in reducing CVD mortality rates [2]. However, population 

aging has canceled out these improvements; the absolute 

number of CVD cases doubled from 271 million in 1990 to 

523 million in 2019, while that of deaths increased from 12.1 

million to 18.6 million [2,3]. Korea has also been challenged 

by mortality and morbidity from CVD. Specifically, stroke 

and ischemic heart diseases account for the highest num-

ber of deaths following cancer in Korea [4]. 

According to the World Health Organization, more than 

75% of CVD development can be prevented by reducing 

risk factors [5,6]. Numerous institutes, organizations, and 

governments have distributed guidelines and recommen-

dations for health professionals, clinical practitioners, 

and the public; examples include the European Society of 

Cardiology Guideline, the American College of Cardiology 

and American Heart Association Guideline, and simplified 

recommendations such as Life’s Simple 7 [7–10]. Like-

wise, the health sector of the Korean government has been 

concerned about increasing rates of CVD and promoted 

recommendations to prevent CVD [11]. The goals of these 

recommendations, however, appear to be only partly ac-

complished. Previous studies illustrated that unmodified 

but prevalent risk factors—in particular, physical activity 

and obesity—increased the occurrence of CVD in Korea 

along with rapid population aging [5,6]. For the successful 

implementation of risk modification, individuals need to 

be well-acquainted with the possible risks of CVD determi-

nants and how to mitigate them [12,13]. However, studies 

or surveys on the public awareness of CVD in Korea have 

been rather insufficient compared to those on cancer, the 

awareness of which is monitored biannually by the National 

Cancer Center Prevention Awareness Survey. 

To evaluate the levels of public knowledge and percep-

tions of CVD, the Korean Society of Cardiovascular Disease 

Prevention (KSCP) conducted a survey in 2022. This study 

aimed to report the level of public awareness of CVD and 

CVD prevention based on this survey, thereby identifying 

the most necessary and urgent targets for CVD prevention. 

METHODS 

Data source 

We analyzed the results from the Cardiovascular Disease 

Prevention Awareness Survey conducted by KSCP in 2022. 

The survey, which was carried out by a professional research 

agency, collected data from individuals aged 20 years or 

more across Korea. It employed a stratified sampling design 

based on age and sex. A structured web-based question-

naire was sent and filled out on computers or mobile devic-

es. In total, 2,000 individuals aged between 20 and 69 years 

responded across the 17 provinces of Korea in June 2022. 

Questionnaires and variables 

The structured questionnaire in the survey was designed 

to investigate five factors comprising 31 items: sociodemo-

graphic characteristics (8 items), the presence of cardiomet-

abolic disease (1 item), CVD concern and self-assessed 

CVD likelihood (4 items), awareness and practice of CVD 

prevention (12 items), and changes in health behaviors af-

ter COVID-19 (6 items). 

Sociodemographic information included age, sex, mari-

tal status (single, married, bereaved/separated/divorced), 

monthly household income (less than 3 million, 3 to 6 

million, more than 6 million KRW), and educational attain-

ment (middle school or less, high school, college or more). 

Respondents were asked about the presence of cardiometa-

bolic diseases, which were defined as being diagnosed with 

CVD (coronary heart disease and cerebrovascular disease) 

or CVD-related diseases (hypertension, diabetes, and dys-

lipidemia). 

The levels of individuals’ concerns about and self-as-

sessed likelihood for CVD were measured in comparison 

with other diseases known to cause high mortality or dis-

ability-adjusted life years (DALYs) based on the Korean 

Burden of Disease Study: cancer, musculoskeletal diseases, 

dementia, and psychiatric disorders [14,15]. Respondents 

were also asked how likely they were to have CVD someday 

on a 5-point scale. Those who responded “likely” and “very 

likely” were asked a follow-up question about the reason for 

their response. 

In terms of CVD prevention, respondents were compre-

hensively asked how familiar they were with CVD preven-
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tion recommendations, with three response options (not 

having heard of CVD prevention recommendations, having 

heard of them but not knowing any details, and knowing 

details about how to prevent CVD). To evaluate public 

knowledge and practice for each CVD risk factor, the guide-

line for CVD prevention published by the Korea Disease 

Control and Prevention Agency was used [11]. This guide-

line includes nine recommendations: (1) do not smoke; 

(2) drink no more than one or two drinks per day; (3) eat 

a healthy diet such as unsalted and nutritionally balanced 

food; (4) engage in moderate exercise for at least 30 min-

utes every day; (5) keep an appropriate body weight and 

waist circumference; (6) reduce stress and improve mental 

health; (7) regularly check blood pressure, blood sugar, and 

cholesterol and manage them; (8) treat hypertension, dia-

betes, and dyslipidemia; and (9) be aware of the emergency 

symptoms of stroke and myocardial infarction, and go to 

the hospital immediately if symptoms occur [11]. For these 

nine rules, respondents were asked to assess their impor-

tance for preventing CVD, and to choose the most and the 

second most easy or difficult item to practice. 

Statistical analyses 

Our study mainly used descriptive analyses such as fre-

quency and proportions. Since the prevalence of awareness 

is expected to be different according to the presence of 

CVD, subgroup analyses were conducted after analyzing the 

total study sample. For respondents’ general characteristics 

and all items related to awareness of CVD, comparisons be-

tween respondents with cardiometabolic disease and those 

without used the t-test and chi-square test. To identify the 

most vulnerable populations in terms of CVD prevention, 

we used univariate logistic models. In these models, the fol-

lowing possible risk factors were included as independent 

variables: age (10-year groups), sex, marital status, educa-

tion, monthly household income, and the presence of car-

diometabolic disease. All analyses were carried out using 

SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA). 

RESULTS 

Respondents’ characteristics 

Table 1 shows the survey respondents’ sociodemographic 

characteristics and the presence of diagnosed cardiomet-

abolic disease. Dyslipidemia and hypertension were the 

most prevalent conditions in our study, reported by 22.1% 

and 19.4% of respondents, respectively. Respondents with 

cardiometabolic disease were more likely to be older, male, 

married, and in the middle-income bracket. 

Concern about and the likelihood of CVD 

Among the five diseases that respondents were asked about, 

cancer (65.2%) was the most feared, followed by cardiovas-

cular disease (46.6%) (Fig. 1A, Table S1). According to the 

respondents’ self-assessments, the disease that they would 

most likely experience within 10 years was musculoskeletal 

disorders, such as back pain and arthritis (60.9%), followed 

by CVD (48.1%) (Fig. 1B, Table S1). When stratified by the 

presence of cardiometabolic diseases, even those with those 

diseases feared cancer more than CVD (Table S2). Logistic 

regression models showed that older age, male sex, being 

married, higher household income, and the presence of a 

cardiometabolic disease were significantly associated with 

both CVD concern and self-assessed likelihood of develop-

ing CVD (Table S3). When questioned about how likely they 

were to develop CVD in the future, 67.4% of respondents 

answered “likely,” 21.9% “neutral,” and 10.8% “not likely” 

(Fig. S1A). Regardless of the presence of a cardiometabolic 

disease, the reasons for which they rated their CVD likeli-

hood as high were unhealthy behaviors, family medical his-

tory, and not being able to afford to take care of their health 

(Fig. S1B).  

Awareness of CVD prevention 

Over half of respondents (55.1%) were aware that there were 

recommendations for CVD prevention but did not know the 

details. A considerable proportion (35.7%) had never heard 

of recommendations, and only a few (9.2%) knew the de-

tails of healthy behaviors that hinder CVD development (Fig. 

2). Respondents with cardiometabolic diseases were more 

likely to be aware of the existence of recommendations. 

However, their knowledge of the details was only slightly 

higher (10.7%) than those without diseases (8.3%) (Fig. 2). 

In a logistic regression model, sociodemographic factors 

were not significantly associated with the awareness of rec-

ommendations for CVD prevention (Table S4). 

CVD prevention awareness
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Based on the nine recommendations for CVD prevention 

promoted by the government program for the prevention 

and management of cardiocerebrovascular diseases, the 

public awareness of each recommendation was investi-

gated (Fig. 3). Across all recommendations, over 80% of 

respondents agreed on their importance to prevent disease. 

In particular, not smoking, a timely intervention when the 

symptoms of myocardial infarction or stroke occur, and 

being physically active were considered critical. In contrast, 

the importance of managing biometric measures (blood 

pressure, blood sugar, and cholesterol), and drinking less 

were rated relatively low. 

Of the nine recommendations, not smoking (42.7% as the 

easiest item, 6.0% as the second easiest item), engaging in 

daily exercise for at least 30 minutes (15.7% as the easiest 

item, 18.6% as the second easiest item), eating a healthy 

diet (10.8% as the easiest item, 12.9% as the second easiest 

item), and reducing alcohol consumption (9.8% as the eas-

iest item, 24.6% as the second easiest item) were deemed 

relatively easy to implement (Fig. 4A). On the contrary, 

people had difficulties in reducing stress (23.1% as the most 

difficult item, 21.7% as the second most difficult item), en-

gaging in daily exercise for at least 30 minutes (18.5% as the 

most difficult item, 14.4% as the second most difficult item), 

and eating a healthy diet (13.9% as the most difficult item, 

14.5% as the second most difficult item) (Fig. 4B). These 

findings were not significantly different according to the 

presence of a cardiometabolic disease (Table S5). 

DISCUSSION 

Overall, public awareness of CVD risks and prevention ap-

peared to be insufficient among Korean adults. CVD was 

rated as the second most worrisome and the second most 

likely disease in comparison with cancer, musculoskeletal 

disorders, dementia, and psychiatric disorders. Older age, 

male sex, being married, higher household income, and 

presence of cardiometabolic disease were significantly as-

Table 1. General characteristics of the survey participants
Characteristic Overall (n=2,000) Without CMD (n=1,264) With CMD (n=736) P-value
CMDa) - - -
 None 1,264 (63.2)
 Coronary heart disease 53 (2.7)
 Cerebrovascular disease 36 (1.8)
 Hypertension 389 (19.5)
 Diabetes 135 (6.8)
 Dyslipidemia 442 (22.1)
Age (yr) 41.3±11.8 38.1±10.8 46.9±11.2 <0.001
Sex <0.001
 Male 1,025 (51.2) 556 (44.0) 469 (63.7)
 Female 975 (48.8) 708 (56.0) 267 (36.3)
Marital status <0.001
 Single 810 (40.5) 628 (49.7) 182 (24.7)
 Married 1,097 (54.9) 589 (46.6) 508 (69.0)
 Bereaved/separated/divorced 93 (4.7) 47 (3.7) 46 (6.3)
Education 0.001
 Middle school or less 13 (0.7) 3 (0.2) 10 (1.4)
 High school 393 (19.7) 231 (18.3) 162 (22.0)
 College, university, or more 1,594 (79.7) 1,030 (81.5) 564 (76.6)
Monthly household income (KRW) <0.001
 <3 million 708 (35.4) 499 (39.5) 209 (28.4)
 3–6 million 868 (43.4) 509 (40.3) 359 (48.8)
 >6 million 424 (21.2) 256 (20.3) 168 (22.8)

Values are presented as number (%) or mean±standard deviation.
CMD, cardiometabolic disease.
a)Except participants without any CMDs, others could be diagnosed with multiple diseases.
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Fig. 1. The survey of (A) the most feared disease and (B) the most likely disease to develop within 10 years among the five diseases. 
The numbers in parentheses indicate the proportion sum of the most and the second most.

Fig. 2. Awareness of recommendations for cardiovascular disease prevention. CMD, cardiometabolic disease.

■ Most likely disease

■ Second most likely disease
■ Most feared disease

■ Second most feared disease

Disease Disease

Psychiatric
disorder

DementiaMusculoskeletal
disorder

Cardiovascular
disease

(45.9)
(48.1)

(10.9)

(34.5)

(60.9)

Cancer

Pr
op

or
tio

n 
(%

)

Pr
op

or
tio

n 
(%

)

BBAA
70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

■ Know the details of recommendations

■ Know about the existence of recommendations but not the details

■ Not heard of recommendations for cardiovascular disease prevention

Overall Without CMD

Respondents

Pr
op

or
tio

n 
(%

)

With CMD

P<0.001

100

80

60

40

20

0

sociated with CVD concern and self-assessed likelihood. 

Furthermore, too few respondents were aware of the details 

of CVD recommendations, although people recognized 

their importance for prevention. 

Among the diseases that cause a public health burden in 

Korea, cancer was the most feared. Even people with car-

diometabolic disease feared cancer more than CVD, most 

likely because they were familiar with the high mortality 
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from cancer. In a study on the burden of disease in Korea 

from 2000 to 2010, the DALYs per 100,000 for cancer were 

on the rise and ranked first [16]. Ischemic heart disease and 

cerebrovascular disease also constituted a large portion of 

the disease burden. In particular, the DALYs due to isch-

emic heart disease were comparable to those of cancer in 

2010 [16].  

When questioned about the likelihood of developing 

CVD in their lifetime, 67.4% of respondents agreed on its 

possibility. This might imply a vague public perception of 

CVD risk, considering CVD as a possible disease in later 

life, rather than an imminent threat. Such an interpretation 

is consistent with a high odds ratio for agreement of CVD 

likelihood among respondents in their 50s (adjusted odds 

ratio, 2.56; 95% confidence interval, 1.79–3.68), compared 

to respondents in their 20s. In addition, male sex, married 

status, and higher household income were associated with 

higher anxiety and self-assessed likelihood of CVD. 

Despite high concerns about CVD, few respondents were 

aware of the details of the recommendations for CVD pre-

vention. Even among respondents with cardiometabolic 

disease, who should be most informed, only 10.7% of indi-

viduals were familiar with the details. Other studies have 

also reported a lower awareness of detailed information 

than of the existence of guidelines. A qualitative study of 

a cervical cancer awareness survey among female college 

students in Korea pointed out that the existence of the vac-

cination campaign itself is known through various media 

and channels, but those measures have been insufficient to 

convey specific details [17]. It will be necessary to improve 

the delivery of health information. Previous research has 

also reported varying effects of information delivery chan-

Fig. 3. Perceived importance of each recommendation for cardiovascular disease prevention. BMI, body mass index; CMD, cardiomet-
abolic disease; MI, myocardial infarction.
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Fig. 4. The survey of (A) the easiest and (B) the most difficult recommendations to follow. The numbers in parentheses indicate the 
proportion sum of the most and the second most. BMI, body mass index; CMD, cardiometabolic disease; MI, myocardial infarction.

nels. A study on the effective promotion of regular health 

check-ups showed that health information delivery via tele-

vision programs was most effective in inducing behavioral 

changes and disseminating information [18]. To promote 

healthy behaviors for CVD prevention, a detailed and effec-

tive information delivery system should be discussed and 

implemented. 

In our study, not smoking, being physically active, eating 

a healthy diet, and reducing drinking were selected as the 

easiest recommendations to follow. However, stress man-

agement was pointed out as the most difficult recommen-

dation to carry out. An association between stress and CVD 

has been demonstrated in previous studies. Stress activates 

inflammation and coagulatory mechanisms, causes CVD 

incidence (e.g., myocardial infarction), and increases CVD 

event recurrence and mortality [19]. A Korean study found 

that high stress was significantly associated with the preva-

lence of CVD, especially in men (adjusted odds ratio, 2.31; 

95% confidence interval, 1.28–4.17) [20]. Stress manage-

ment interventions can reduce CVD risk and might improve 

the quality of life among CVD patients [21]. It is also notable 

that a considerable number of people thought that being 

physically active and eating healthy were the easiest recom-

mendations to follow, while many answered that they were 

the most difficult. This implies that tailored strategies for 

lifestyle modification should be established. 

Public awareness of cancer has been regularly monitored 

in Korea [22,23], but awareness of CVD has been less fre-

quently investigated. Our study was the first—at least, in a 

long time—to examine public awareness of CVD in Korea. 

Nevertheless, several limitations should also be taken into 

consideration. First, although the Cardiovascular Disease 

Prevention Awareness Survey was conducted throughout 

the nation, the sample size was not sufficient to compare 

subgroups according to sociodemographic factors such 

as income, education, and region. Second, although the 

survey made efforts to obtain as much objective data as 

possible (e.g., by measuring the level of CVD awareness by 

comparison with other diseases), the questionnaire was 

self-reported, and items were subjectively rated. Last, there 

might have been differences in characteristics and aware-

ness between respondents and nonrespondents. The sur-
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vey was conducted on computers or mobile devices, which 

might have led to different response rates according to fa-

miliarity with electronic devices. 

Examining public awareness of CVD risks and prevention 

is critical to formulating the most necessary and urgent 

strategies for CVD prevention. Our research suggests that 

simple but practical recommendations should be discussed 

and actively pursued in order to raise insufficient public 

awareness. In particular, health authorities and policymak-

ers must encourage people to develop healthy behaviors 

that they have found difficult to practice, such as managing 

stress, regularly engaging in moderate exercise, and eating a 

healthy diet. 
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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 and location of 

the manufacturer 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. Phila-

delphia: W.B. Saunders Company; 1994. p. 645-57.

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

tion. 3rd ed. New York, NY: 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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