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ABSTRACT
Cardiovascular mortality is a leading cause of global deaths, with aging, dyslipidemia, and inflammation recognized as key
risk factors. This study aimed to identify distinct cardiovascular risk profiles using cluster analysis based on lipid profiles
and inflammatory markers in a large cohort of middle-aged Korean adults. Our analysis included 8115 participants without
cardiovascular disease (CVD) at baseline from the Korean Genome and Epidemiology Study. We applied the K-means clustering
algorithm to conduct a cluster analysis of six normalized variables: age, total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), non-HDL-C, andCRP.Multivariable Cox proportional-hazard regression analysis was performed
to assess the hazard ratio with 95% confidence interval for CVD incidence, CVD mortality, major adverse cardiac event (MACE)
mortality, and all-cause mortality. Four clusters were identified based on age, lipids (TC, TG, HDL-C, non-HDL-C), and CRP.
Cluster 1 (older age, high CRP) and cluster 2 (high TC, non-HDL-C, insulin resistance) had the highest risks for new-onset CVD,
while cluster 1 had the highest risks for all-cause and cardiovascular mortality. Cluster 3 (high HDL-C) showed a lower CVD risk,
while cluster 4 (younger age, favorable lipid profile) had the lowest risk across all outcomes. This study highlighted the combined
impact of aging, dyslipidemia, and inflammation on CVD risk. The clusters with older age and high inflammation or dyslipidemia
had the highest cardiovascular risks, emphasizing the importance of managing these factors in high-risk populations.
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1 Introduction

Cardiovascular diseases (CVD) are a leading cause of global
mortality, accounting for 17.9 million deaths (32% of all global
deaths) in 2019 [1, 2]. The majority of these deaths were due to
complications arising fromatherosclerosis, including heart attack
and stroke [3]. In South Korea, CVD has been the second most
common cause of death since the early 2000s, with cardiovascular
mortality rates continuing to rise [4].

Identifying individuals at high risk for cardiovascular mortality
is essential for both prevention and treatment strategies [5].
Traditional risk factors such as age, sex, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), triglycerides (TG),
blood pressure, smoking, diabetes, and hypertension treatment
are well-established predictors of cardiovascular outcomes [6].
The role of inflammation in CVD pathogenesis has drawn
increasing interest, with markers like C-reactive protein (CRP)
being recognized as significant predictors of cardiovascular
events and mortality.

Dyslipidemia, characterized by elevated TC, low HDL-C, and
high TG, has been strongly associated with increased car-
diovascular mortality risk [7]. Additionally, chronic low-grade
inflammation accelerates atherosclerosis, contributing to plaque
instability and rupture, ultimately leading to fatal cardiovascular
events [8, 9]. As both lipid abnormalities and inflammation often
coexist in individuals at risk of CVD, their combined impact on
cardiovascular mortality requires further exploration [10].

Previous studies have examined individual risk factors for cardio-
vascular mortality, but the collective impact of lipid profiles and
inflammation on long-term outcomes has not been extensively
analyzed [11, 12]. Recent advances in statistical methods, such
as cluster analysis, allow for the grouping of individuals based
on shared characteristics, providing insight into the interplay of
multiple risk factors.

In this 17.5-year longitudinal study, we employed cluster analysis
to investigate the associations between lipid profiles, inflam-
mation, cardiovascular mortality, and all-cause mortality. By
identifying distinct clusters based on lipid variables (TC, HDL-
C, non-HDL-C, and TG) and inflammatory markers (CRP), we
aimed to uncover unique risk profiles associated with cardiovas-
cular outcomes and mortality over time. This approach offers
a more comprehensive insight into how the interplay between
dyslipidemia and inflammation contributes to cardiovascular and
all-cause mortality.

2 Methods

2.1 Study Population

We used data from the Korean Genome and Epidemiology Study
(KoGES) Ansan and Ansung study, a longitudinal prospective
cohort study conducted by the Korea Centers for Disease Control
and Prevention, to examine genetic and environmental risk
factors for non-communicable diseases [13]. The data release was
approved by the Korea Disease Control and Prevention Agency,

FIGURE 1 Flow chart of study population.

and it is available at https://coda.nih.go.kr/frt/index.do (accessed
on September 3, 2024).

The cohort included 10 030 participants aged 40–69 years,
residing in urban (Ansan) or rural (Ansung) areas. The survey
was conducted biennially from 2001–2002 (baseline) to 2019–
2020 (ninth follow-up). Among the 10 030 participants, we
excluded (1) those with CVD at baseline (n = 218), (2) those with
missing baseline data (n = 869), and (3) those who were lost to
follow-up after the baseline survey (n = 828). Finally, a total of
8115 participants without CVD at baseline were included in the
analysis (Figure 1). All participants provided written informed
consent. The study protocol conformed to the ethical guidelines
of the 1964Declaration ofHelsinki and its later amendments. This
studywas approved by the IRB of Yongin SeveranceHospital (IRB
No. 9-2022-0090).

2.2 Data Collection

Height and weight were measured to the nearest 0.001 m and
0.1 kg, respectively. Body mass index (BMI) was calculated as
the body weight (kg) divided by height squared (m2). Waist
circumference (WC) (cm) was measured midway between the
lowest rib and iliac crest with the patient in the standing position.
Blood pressure (mmHg) was measured after at least 5 min of rest
in the sitting position. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP)were defined as the average of the last two of
three measurements, with at least a 1-min interval between each.
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Blood samples of each participant were collected after at least 8 h
of fasting. TC, TG, HDL-C, fasting glucose, insulin, glycosylated
hemoglobin (HbA1c), and CRP levels were measured using the
Hitachi 7600 (Hitachi Co., Tokyo, Japan) and ADVIA 1650 (Bayer
HealthCare Ltd., Tarrytown, NY, USA) chemistry analyzers. Non-
HDL cholesterol (non-HDL-C) was calculated as total cholesterol
minus HDL cholesterol [14]. Insulin resistance was estimated
using the homeostasis model assessment-insulin resistance
(HOMA-IR) calculation. The HOMA-IR formula was as follows:
[fasting insulin (μIU/mL) × fasting glucose (mg/dL)/405] [15].

Self-reported questionnaires gathered information on smoking
status, drinking status, physical activity, and the use of anti-
hypertensive, anti-diabetic, and lipid-lowering medications.
Smoking status was categorized into current, former, and never
smoker. Current smoker status was defined as currently smoking,
with at least 100 cigarettes smoked during the participant’s
lifetime. Former smoker status was defined as a history of having
smoked at least 100 cigarettes during the participant’s lifetime,
but not currently smoking at the time of the questionnaire
administration. Never smoker status was defined as no history
of smoking or having smoked fewer than 100 cigarettes during
the participant’s lifetime. Alcohol drinking status was classified
into current, former, and non-drinker. Physical activity was
quantified as the metabolic equivalent of task (MET)-hours per
day (METs-h/day), based on self-reported duration and intensity
of activities [16].

2.3 Study Outcomes

CVD was defined as myocardial infarction, angina pectoris,
peripheral artery disease, or stroke based on the previous studies
[17, 18]. Self-reported questionnaires were obtained for each par-
ticipant at each biennial follow-up. When a participant reported
an incident CVD event in the personal medical history ques-
tionnaire, in-depth personal interviews bywell-trained examiners
were conducted to confirm an incident CVD case.

All-cause mortality, CVDmortality, andmajor adverse cardiovas-
cular event (MACE) mortality data were acquired by linking a
personal identification key code generated by the KoGES with
national data sources, including the Korea National Statistical
Office death records. Each participant was followed up until the
occurrence of mortality event, the end date of the study, or the
date of last contact. Information about the cause of death was
tracked from January 2001 to December 2020. Underlying causes
of death were classified according to the International Classi-
fication of Diseases 10th revision (ICD-10) codes listed in the
National Mortality Index. All-cause mortality included all deaths
of specified and unknown causes, CVDmortality included deaths
under ICD-10 codes I00–I99, and MACE mortality included
deaths of myocardial infarction (I21–I23), hemorrhagic stroke
(I60–I62), and ischemic stroke (I63).

2.4 Cluster Analysis

Cluster analysis has been previously employed to identify pat-
terns of comorbidity and relationships between biomarkers
associated with CVD [19]. We applied the hybrid hierarchical

k-means clustering algorithm to conduct cluster analysis of six
variables: age, TC, TG, HDL-C, non-HDL-C, and CRP. The
hybrid hierarchical k-means clustering algorithm has several
advantages: (1) it can capture both global and local data patterns
more efficiently; (2) it allows for the visualization of cluster
relationships using dendrograms; and (3) it gives a more scalable
way to clustering high-dimensional data [20, 21]. To execute
the clustering, six variables were normalized by z-score using
centered and scaled values. Following the criteria proposed in a
previous study, we determined the optimal number of clusters for
our analysis to be four. The silhouette method, commonly used in
cluster analysis, was employed to ascertain the optimal number
of clusters [22, 23].

2.5 Statistical Analysis

Continuous variables were presented as means ± standard devi-
ation, and categorical variables as numbers (percentages). We
conducted independent t-tests or one-way analysis of variance
to compare the differences between two groups or clusters for
continuous variables. The differences between groups or clusters
for categorical variables were assessed using the Chi-square test.
After identifying significant differences among the clusters, we
conducted post hoc analysis with the Bonferroni correction to
identify significant differences between clusters.

We used the Kaplan–Meier curve and the log-rank test to
compare the cumulative incidence rates of new-onset CVD, all-
cause mortality, CVD mortality, and MACE mortality across
the clusters. Multivariable Cox proportional hazard regression
analyses were also conducted to calculate the hazard ratio (HR)
with a 95% confidence interval (CI) for incident CVD, all-cause
mortality, CVD mortality, and MACE mortality. Model 2 was
adjusted for sex and BMI. Model 3 was further adjusted for sex,
BMI, physical activity, smoking, and alcohol consumption. We
additionally adjusted model 4 for the use of anti-hypertensive,
anti-diabetic, and lipid-loweringmedications. Statistical analyses
were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA) and R software (version 4.1.1; R Foundation for
Statistical Computing, Vienna, Austria). The level of statistical
significance was set at p < 0.05.

3 Results

3.1 Comparison of Baseline Characteristics
Among Clusters

Figure 2 and Table 1 present the characteristics of four clusters.
Cluster 1, which had the highest age and CRP, was labeled as
old age and inflammation cluster (OIC). Cluster 2, which had the
highest TC, TG, and lowest HDL-C, was labeled as high TC and
insulin resistance cluster (CIRC). Cluster 3,whichhad the highest
HDL-C, was labeled as high HDL-C cluster (HHC). Cluster 4,
which had the lowest age among the clusters, was labeled as
young age cluster (YC).

Table 1 shows the comparison of baseline characteristics among
clusters using post hoc analyses. All variables showed sta-
tistically significant differences among the clusters (overall p
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FIGURE 2 Characteristics of the four clusters. Distribution of age, TC, log-transformed TG, HDL-C, non-HDL-C, and log-transformed CRP at
baseline in the KoGES cohort for each cluster. K-means clustering was performed. CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol;
KoGES, Korean Genome and Epidemiology Study; TC, total cholesterol; TG, triglyceride.

value < 0.001). Cluster 1, including 1863 (23.0%) of the 8115
clustered participants, had the highest mean age, SBP, DBP,
CRP, and physical activity and the highest proportion of patients
with hypertension. In addition, this cluster had the lowest mean
HDL-cholesterol and the lowest proportions of current drinkers
and patients with dyslipidemia. Cluster 2, including 2281 (28.1%)
participants, had the highest mean BMI, WC, DBP, TC, TG, non-
HDL-C, CRP, glucose, insulin, HbA1c, and HOMA-IR and the
highest proportions of patients withmale sex, current smoker sta-
tus, current drinker status, dyslipidemia, and diabetes mellitus.
This cluster had the lowest mean HDL-cholesterol and physical
activity. Cluster 3, including 1510 (18.6%) participants, had the
highest mean HDL-C; the lowest mean BMI, WC, triglyceride,
CRP, insulin, and HOMA-IR; and the lowest proportions of
patients with male sex and current smoker status. The 2461
(30.3%) participants in cluster 4 had the lowest mean age, SBP,
DBP, TC, non-HDL-C, glucose, HbA1c, and physical activity. This
cluster had the lowest proportions of patients with hypertension,
diabetes mellitus, and dyslipidemia. Post hoc analysis showed
that clusters 1 and 2 had the highest proportion of patients with
new-onset CVD, followed by cluster 3 and cluster 4.

3.2 Incident CVD, All-Cause Mortality, CVD
Mortality, and MACEMortality According to
Clusters

During the median follow-up period of 17.50 years (for CVD
event) and 17.58 years (for mortality), there were 593 (7.3%)

new-onset CVD cases, 790 (9.7%) all-cause mortality cases, 158
(1.9%) CVD mortality cases, and 63 (0.8%) MACE mortality cases
(Figure 1). The incidence rates per 2 years ranged from 0.4 to
1.5 for new-onset CVD, 0.0 to 3.0 for all-cause mortality, 0.0
to 0.6 for CVD mortality, and 0.0 to 0.2 for MACE mortality,
respectively (Table S1). Figure 3A through 3Dpresent theKaplan–
Meier curves of the cumulative rates of incident CVD, all-cause
mortality, CVD mortality, and MACE mortality according to
clusters. Figure 3A shows a higher risk for cumulative incidence
of CVD in cluster 1, followed by cluster 2, cluster 3, and cluster
4 (log rank p < 0.001). Figure 3B–D show a higher risk for
cumulative all-cause, CVD, and MACE mortality in cluster 1,
followed by cluster 3, cluster 2, and cluster 4, respectively (all log
rank p < 0.001).

Table 2 summarizes the association between baseline clusters and
incident CVD, all-cause mortality, CVD mortality, and MACE
mortality of the study cohort. Similar trends were observed in
the unadjusted and fully adjusted models. After adjusting for sex,
BMI, physical activity, smoking status, drinking status, use of
anti-hypertensive, anti-diabetic, and lipid-lowering medications,
cluster 4 was significantly associated with lower new-onset CVD
incidence compared to cluster 1 (HR 0.35, 95% CI 0.27–0.45),
cluster 2 (HR 0.38, 95% CI 0.30–0.49), and cluster 3 (HR 0.61,
95% CI 0.45–0.82). Cluster 3 was also significantly associated
with lower CVD incidence compared to cluster 1 (HR 0.57, 95%
CI 0.44–0.74) and cluster 2 (HR 0.63, 95% CI 0.48–0.82). In the
fully adjusted model for mortality, cluster 4 was significantly
associated with lower all-cause, CVD, and MACE mortality
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compared to cluster 1, cluster 2, and cluster 3. Cluster 2 was also
significantly associated with lower all-cause, CVD, and MACE
mortality compared to cluster 1, while cluster 3 was found to be
significantly lower only in all-causemortality compared to cluster
1.

4 Discussion

The present study identified four distinct clusters with clinically
relevant phenotypes in a large cohort of middle-aged Korean
adults, based on six key variables: age, lipids (TC, TG, HDL-
C, non-HDL-C), and the inflammatory marker CRP. Cluster
1 (OIC) was characterized by older age and higher CRP lev-
els, representing an inflammation-prone group, while cluster 2
(CIRC) was defined by high TC and TG levels and low HDL-C,
indicating dyslipidemia and insulin resistance. Cluster 3 (HHC)
represented individuals with high HDL-C, while cluster 4 (YC)
was composed of younger participants with the most favorable
lipid and inflammation profiles. Each cluster demonstrated sig-
nificantly different risks for new-onset CVD, all-cause mortality,
cardiovascular mortality, and MACE mortality.

Cluster 1 (OIC), characterized by older age and elevated CRP
levels, showed the highest risk for both CVD and all-cause
mortality outcomes. This underscores the pivotal role of aging
and inflammation in cardiovascular health. Aging is a well-
recognized, non-modifiable risk factor for CVD and mortality.
Age-related cardiovascular changes, including increased arterial
stiffness, impaired endothelial function, left ventricular hypertro-
phy, and altered diastolic function, contribute to the progression
of conditions such as hypertension, atherosclerosis, stroke, and
myocardial infarction [24, 25]. Additionally, inflammation is
increasingly identified as a crucial factor in the development
of CVD and mortality [26]. Chronic low-grade inflammation,
which can result from environmental stress, infections, or aging,
damages the vascular endothelium, leading to lipid accumula-
tion, atheromatous plaque formation, and plaque instability [8,
9]. Age-related declines in cardiovascular function, combined
with inflammation, are pivotal in the development of CVD.
Our results align with these mechanisms, as participants in
cluster 1, characterized by older age and high CRP levels, had
the highest risk for incident CVD, CVD-related mortality, and
all-cause mortality.

Cluster 2 (CIRC), defined by high levels of TC, TG, and non-HDL-
C, and low HDL-C, showed similarly high CVD risk as cluster 1.
Dyslipidemia, characterized by high levels of TC, TG, and LDL-
C, and low HDL-C, is a known risk factor for CVD. During
atherogenesis, apoB-containing lipoproteins accumulate in the
vascular intima, leading to plaque formation and progression
[27]. Non-HDL-C, which reflects the cholesterol content of
atherogenic apoB-containing lipoproteins, offers an advantage
over LDL-C by accounting for remnant lipoproteins and being
independent of triglyceride variability [27].

A high TG/HDL-C ratio has been regarded as one of the surrogate
markers for insulin resistance [28]. Elevated TG and low HDL-C
increase CVD risk through insulin resistance and their negative
effects on the vascular system. In insulin resistance, higher
insulin and aldosterone reduce nitric oxide (NO) availability,
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FIGURE 3 Kaplan–Meier curves of the cumulative rates of new-onset CVD (A), all-cause mortality (B), CVD mortality (C), and MACE mortality
(D) according to the four clusters. CVD, cardiovascular disease; MACE, major adverse cardiovascular event.

causing vasoconstriction and vascular stiffening, which con-
tribute to hypertension, left ventricular dysfunction, and CVD
[29]. These findings underline the importance of managing lipid
abnormalities and insulin resistance in preventing cardiovascular
events.

Cluster 3 (HHC), consisting of individuals with high HDL-C
levels, exhibited a lower risk of incident CVD compared to
clusters 1 and 2. HDL-C is known for its athero- and cardiopro-
tective properties, mainly through reverse cholesterol transport
and modulating inflammation [30, 31]. It promotes cholesterol
efflux from foam cells, an anti-atherogenic process, and exerts
anti-oxidative and anti-inflammatory effects by inhibiting LDL
oxidation and cytokine production [30]. However, HDL-C levels
do not always reflect particle function, leading to inconsistent
findings regarding its relationship with CVD risk [32]. In this
study, participants in cluster 3 with high HDL-C had a signif-
icantly lower CVD risk compared to those in clusters 1 and 2
with low HDL-C, although there was no significant difference in
CVD-related mortality.

Cluster 4 (YC), representing younger participants with favorable
lipid and inflammation profiles, had the lowest risk across all
outcomes, underscoring the protective role of youth and optimal
metabolic health. This cluster serves as a reminder of the cumula-

tive benefits of early intervention in preventing dyslipidemia and
chronic inflammation.

Although the findings provide critical insights, several factors
might have influenced the results. First, other unmeasured
variables, such as genetic predisposition, physical activity, dietary
habits, socioeconomic status, and medication use, may have
affected cluster assignments and outcomes. For instance, par-
ticipants in cluster 3 with high HDL-C may have had healthier
lifestyles that contributed to lower CVD incidence. Similarly,
variations in medication adherence, especially lipid-lowering or
anti-inflammatory drugs, might have altered the observed risk
profiles. Second, we selected six variables for clustering; however,
inclusion of additional factors such as blood pressure, glucose
levels, smoking status, or BMI might have yielded different
groupings. For example, hypertension and diabetes are well-
established CVD risk factors, and their inclusion might further
refine risk stratification. Previous studies incorporating these
variables have identified different cluster patterns, particularly in
cohorts with hypertension or diabetes, suggesting the need for
tailored approaches based on specific population characteristics
[33–37]. Third, changes in lipid profiles, CRP levels, and other
metabolic parameters over the 17.5-year follow-up period could
have impacted the cluster stability and outcomes. Dynamic
changes in these parameters, driven by lifestyle modifications,
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medical interventions, or age-related progression, were not
accounted for due to the study design.

Our study had several limitations. First, we did not account
for sequential changes in the six variables during the follow-
up period due to participant dropout and potential changes
in measurement or calculation methods over time, which may
have influenced the cluster assignments. Second, the study
population was composed of community-dwelling middle-aged
adults, which may limit the generalizability of our findings
to the broader Korean population or to other ethnic and age
groups. Third, new-onset CVD cases were identified through self-
reported questionnaires, rather thandirect clinical assessments or
confirmatory tests such as computed tomography angiography or
coronary angiography. Nonetheless, it is important to highlight
that CVD mortality, MACE mortality, and all-cause mortality
were rigorously defined using ICD codes, ensuring the accuracy
of these critical outcomes. Finally, cluster analysis has an advan-
tage of identifying natural groupings of study population, unlike
traditional analysis that categorizes based on the combinations
of the presence or absence of individual risk factors. However,
the cluster analysis may yield different results depending on the
variables of interest, as well as the quality and completeness of
the available data.

Despite these weaknesses, our study had several strengths,
including its prospective cohort study design and a relatively long
follow-up period (17.5 years). To our knowledge, this is the first
study to identify four distinct clusters in a large cohort of middle-
aged Korean adults using cluster analysis with six variables,
including CRP, a representative inflammatory marker, and to
compare the risk of CVD incidence, CVDmortality, and all-cause
mortality among the clusters.

5 Conclusion

In conclusion, cluster 1 (older age, high CRP) and cluster 2
(dyslipidemia, insulin resistance) exhibited the highest risks,
while cluster 4 (younger age, favorable lipid profile) had the
lowest risk. These findings provide insight into the complex
interactions between age, inflammation, and lipid profiles in
determining cardiovascular risk. Future research is needed to
validate these findings and explore how targeted interventions
can reduce CVD risk in specific subgroups.
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