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Background: Despite the superiority of non-HDL cholesterol (non-HDL-C) and apolipopro-
tein B (ApoB) as lipid markers for atherosclerotic cardiovascular disease (ASCVD), these
are only suitable as secondary markers. We compared LDL cholesterol (LDL-C), non-HDL-
C, and ApoB concentrations with respect to the occurrence of cardiovascular disease in
adults enrolled in the Korean Genome and Epidemiology Study (KoGES).

Methods: We used information on age; sex; medical history; family history of ASCVD; cur-
rent lipid-lowering therapy; current smoking status; and creatinine, total cholesterol, HDL-
C, LDL-C, triglyceride, and ApoB concentrations from 5,872 KoGES participants without
ASCVD. New ASCVD development was monitored during the 8-year follow-up period. Ad-
justed hazard ratios (aHRs) for ASCVD of LDL-C, non-HDL-C, and ApoB concentrations
were calculated based on the multivariate Cox regression analyses. The participants were
also grouped as low and high according to the median values for each lipid marker, and
calculated aHRs of each group combined by two lipid makers.

Results: ApoB showed the highest aHR per 1-SD for ASCVD (1.26; 95% confidence in-
terval [Cl], 1.11-1.43), followed by non-HDL-C (1.25; 95% CI, 1.11-1.41) and LDL-C
(1.20; 95% Cl, 1.06-1.37). The group with low LDL-C and high ApoB concentrations had
a significantly higher aHR for ASCVD (1.61; 95% Cl, 1.05-2.48) compared to the refer-
ence group values (low LDL-C and low ApoB concentrations). The aHR for the group with
high LDL-C and low ApoB concentrations was not significant (1.30; 95% Cl, 0.79-2.16).

Conclusions: ApoB, non-HDL-C, and LDL-C are independent risk factors for ASCVD. In-
creases in the aHR per 1-SD for ASCVD were more strongly affected by ApoB, followed by
non-HDL-C and LDL-C. Participants with low LDL-C and high ApoB concentrations showed
increased ASCVD risk. For individuals with ASCVD risk factors, even those presenting nor-
mal LDL-C concentrations, measuring ApoB concentrations can provide useful informa-
tion for better evaluation of ASCVD risk.
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INTRODUCTION

several years. LDL, the dominant form of cholesteral, is consid-

ered an important risk factor for ASCVD. However, the risk of

The relationship between cholesterol concentration and athero-
sclerotic cardiovascular disease (ASCVD) has been studied for
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ASCVD remains even after lowering LDL cholesterol (LDL-C) to a
normal concentration [1-3]. Other forms of cholesterol are asso-
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ciated with ASCVD, which are included in current global choles-
terol guidelines [4, 5]. This increased the importance of non-
HDL cholesterol (non-HDL-C) and apolipoprotein B (ApoB). Non-
HDL-C concentrations are calculated by subtracting the concen-
tration of HDL-C from that of total cholesterol, comprising very
low-density lipoprotein cholesterol (VLDL-C), intermediate-den-
sity lipoprotein cholesterol (IDL-C), remnant particles, lipopro-
tein (a) [Lp (a)], and LDL-C [6]. Not only LDL-C, all of them is
known to play an important role in the atherosclerosis evolution.
ApoB is the main protein found in VLDL-C, IDL-C, LDL-C, and
Lp (a). Each of these lipoprotein particles includes a single ApoB
protein; thus, measurement of ApoB concentrations indicates
the number of ApoB-containing lipoproteins [7].

In most individuals, LDL-C, non-HDL-C, and ApoB concen-
trations correlate well; however, there is some discordance in in-
dividuals with hypertriglyceridemia, diabetes mellitus (DM), and
metabolic syndrome [8]. Non-HDL-C and ApoB will increase
with more cholesterol other than LDL-C, and ApoB will increase
when the number of particles is high even if the cholesterol level
is normal. However, discordance analysis has consistently shown
that ASCVD risk follows lipid particle number and its surrogates
rather than lipid cholesterol concentration [8]. It is known that
the patients with DM are seemed to have smaller and more LDL
particles than the other patients although LDL-C is not increased
[9], which means higher ApoB concentration in the DM patients.
According to 2019 ESC/ECS guidelines, ApoB, more than non-
HDL-C, is recommended for risk assessment, particularly in peo-
ple with high triglyceride levels, DM, obesity, or very low LDL-C
concentrations [5].

Although studies have shown the superiority of non-HDL-C
and ApoB as lipid markers for ASCVD [10-12], they are consid-
ered secondary markers [4, 5]. Both are recommended when
LDL-C is very low or only in specific patient groups. In this study,
as primary marker, LDL-C, non-HDL-C, and ApoB concentra-
tions in participants of the Korean Genome and Epidemiology
Study (KoGES) were compared with respect to the risk of car-
diovascular disease. To our knowledge, this is the first Korean
prospective cohort study exploring the association between AS-
CVD and lipid markers, including ApoB.

MATERIALS AND METHODS

Data distribution and selection

Data from KoGES participants from 2001-2002 (baseline) to
2015-2016 (8th follow-up) were used in this study [13]. KoGES
is an ongoing study that tracks patients’ medical history, labora-
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KoGES participants
(N=10,030)

v
‘ Third follow-up in 20072008 ‘

(N=6,688)
Excluded participants (N=816)
386 for presence of ASCVD 148 for
current lipid-lowering therapy
v 282 for no follow-up
‘ Eligible participants
(N=5.872)

Fig. 1. Flow chart of participant selection.
Abbreviation: KoGES, Korean Genome and Epidemiology Study; ASCVD, ath-
erosclerotic cardiovascular disease.

tory tests, and lifestyle every two years. All participants lived in
Ansan or Ansung, Korea. The study was conducted at Korea
University Ansan Hospital (Ansan, Korea) and Ajou University
Center for Clinical Epidemiology (Ajou, Korea). In total, 10,030
individuals participated in this study (Fig. 1). All participants
were adults aged 40-70 years. We reviewed information on age;
sex; past history; family history of ASCVD; current lipid-lowering
therapy; current smoking status; and creatinine, total choles-
terol, HDL-C, triglyceride (TG), and ApoB concentrations. Total
cholesterol, TG, and HDL-C concentrations were measured us-
ing an Advia 1650 clinical chemistry analyzer (Siemens, New
York City, NY, USA) with dedicated reagents from Siemens. ApoB
concentration was measured by an immunoturbidimetric assay
using the Cobas 8000 instrument c702 module (Roche, Mann-
heim, Germany) and dedicated reagents from Roche (Supple-
mental Data Table S1). ApoB concentrations were measured
only during the third follow-up period (2007-2008), which was
set as the baseline, including only 6,688 participants. A total of
816 participants were excluded from the study: 386 owing to
the presence of ASCVD, 148 for being on lipid-lowering therapy,
and 282 for no follow-up. As we excluded participants with no
follow-up, there were no losses during follow-up. A total of 5,872
participants were included in the analysis. All participants pro-
vided informed consent for the baseline data and biospecimens
and underwent an interview and physical examination. This study
was approved by the Institutional Review Boards of Severance
Hospital, Yonsei University College of Medicine (Seoul, Korea)
(IRB No. 4-2020-0342), National Institutes of Health (Maryland,
USA), and collaborators of the KoGES groups [13].

Definitions
ASCVD includes myocardial infarction, coronary artery disease,
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peripheral artery disease, and stroke. Premature ASCVD refers
to the onset of ASCVD at <55 years in males and <65 years in
females. Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease-Epidemiology Collabora-
tion (CKD-EPI) equation, and CKD was defined as eGFR <60
mL/min/1.73 m?. LDL-C was estimated using the Friedewald
formula (LDL-C=total cholesterol-HDL-C-TG/5). Non-HDL-C
concentrations were calculated by subtracting the concentration
of HDL-C from that of total cholesterol.

Statistical analysis

Statistically significant differences were evaluated using the chi-
square test, Student’s t-test, and univariate and multivariate Cox
regression analyses. Homogeneity of variance was evaluated
using Levene’s test. Odds ratios were calculated with 95% con-
fidence intervals (Cls) and associated P-values. Adjusted hazard
ratios (aHRs) for ASCVD per 1-SD of LDL-C, non-HDL-C, and
ApoB concentrations were also calculated. The aHRs were fur-
ther analyzed according to tertiles of each of the three lipid mark-
ers. To compare discordant and concordant lipid profiles, we
grouped participants according to the median values for each
lipid marker, and aHRs were calculated by Cox regression anal-
ysis. The statistical significance threshold was set at P<0.05. All
data were analyzed using Analyse-it software (Leeds, UK), Mi-
crosoft Excel 2016 (Microsoft, Redmond, WA, USA), and SPSS
25 (SPSS Inc., Chicago, IL, USA).

RESULTS

Among the 5,872 participants, 252 (4.3%) had ASCVD during
the 8-year follow-up period. The median (interquartile range
[IQR]) follow-up period was 95 (93-97) months. Baseline char-
acteristics, including sex, age, hypertension, DM status, smok-
ing status, CKD status, family history of premature ASCVD, and
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LDL-C, non-HDL-C, and ApoB concentrations, are presented in
Table 1. All variables were available for 5,872 participants, ex-
cept for ApoB, which was available for 5,160 participants. The
prevalence of hypertension, DM, and CKD was significantly higher
in the cardiovascular event group than in the non-cardiovascu-
lar event group. The cardiovascular event group was older and
had higher non-HDL-C and ApoB concentrations (Table 1).
Univariate Cox regression analysis was performed to deter-
mine the time-dependent effects (Supplemental Data Table S2).
Participants with hypertension, DM, or CKD at baseline had a
significantly higher risk for an 8-year cardiovascular event. Male
sex, older age, and higher lipid marker concentrations were as-
sociated with a higher risk of 8-year cardiovascular event devel-

Table 1. Baseline characteristics of participants

8-year cardiovascular disease event

Characteristic
Yes (N=252) No (N=5,620)
Sex, N (%) 0.103
Male 131 (52.0) 2,627 (46.7)
Female 121 (48.0) 2,993 (53.3)
Age, median (IQR) 62 (52-67) 55 (50-64)  <0.001
Hypertension, N (%) 83(32.9) 1,272 (22.6) <0.001
DM, N (%) 38(15.1) 564 (10.0) 0.010
Current smoking, N (%) 47 (18.7) 949 (16.9) 0.452
CKD, N (%) 21(8.3) 275 (4.9) 0.015
Family history, N (%) 15 (6.0) 225 (4.0) 0.125
Lipid markers, median (IQR)
LDL-C, mmol/L 3.24(2.73-3.90)  3.19(2.65-3.71) 0.058
Non-HDL-C, mmol/L 3.97 (3.44-4.70) 3.88(3.31-4.45)  0.003
ApoB (umol/L; N=5,160)  2.16 (1.85-2.53)  2.05(1.75-2.39)  0.001

*P-values were obtained using the chi-square test and Student’s t-test.
Abbreviations: DM, diabetes mellitus; CKD, chronic kidney disease; IQR, in-
terquartile range; LDL-C, LDL cholesterol; Non-HDL-C, non-HDL cholesterol;
ApoB, apolipoprotein B.

Lipid parameter aHR per 1-SD (95% Cl)

| - } ApoB 1.26 (1.11-1.43)

f L 1 Non-HDL-C 1.25(1.11-1.41)

; : = LDL-C 1.20 (1.06-1.37)
1.00 1.10 1.20 1.30 1.40

aHR per 1-SD (95% Cl)

Fig. 2. aHRs for atherosclerotic cardiovascular disease per 1-standard deviation increase in lipid marker concentrations.
Abbreviations: aHR, adjusted hazard ratio; ApoB, apolipoprotein B; Non-HDL-C, non-HDL cholesterol; LDL-C, LDL cholesterol; Cl, confidence interval.
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opment. Smoking status and a family history of premature AS-
CVD were not associated with an 8-year cardiovascular event.

Multivariate Cox regression analysis was performed separately
for the three lipid markers (LDL-C, non-HDL-C, and ApoB) and
other confounding variables, including sex, age, hypertension,
DM, CKD, smoking status, and family history of premature AS-
CVD (Supplemental Data Table S3). Males with DM at baseline

Yun SY, et al.
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had a significantly higher risk of an 8-year cardiovascular event.
Male sex, older age, and higher lipid marker concentrations were
associated with a higher risk of an 8-year cardiovascular event.
Smoking status, hypertension, and CKD were not associated with
the risk of 8-year cardiovascular event development. The aHRs
for ASCVD per 1-SD increase in each of the three lipid marker
concentrations are presented in Fig. 2. Among the three lipid

(A) o) Ry NG aHR(O5%C)
- >3.19 >2.06 2,122 (41.1)  1.46(1.08-1.97)
= >3.19 <2.06 474(9.2) 1.30(0.79-2.16)
ﬁ = <3.19 >2.06 462(9.0)  1.61(1.05-2.48)
' <319 <2.06 2,102 (40.7)  1.00 [Reference]
.50 1..00 1.50 2.00 2.50
aHR per 1-SD (95% Cl)
©
- >3.19 >3.88 2,549(43.4)  1.30(0.99-1.72)
: = >3.19 <3.88 399 (6.8) 1.45(0.90-2.36)
- <3.19 >3.88 451 (7.7) 1.16 (0.72-1.89)
' <3.19 <3.88 2,473 (42.1)  1.00 [Reference]
.50 l.‘00 1.50 2.00 2.50
aHR per 1-SD (95% Cl)
(C) T T TCA N 173
—_— . >3.88 >2.06 2,346 (45.5)  1.41(1.06-1.87)
- >3.88 <2.06 302 (5.9) 1.01 (0.53-1.96)
= <3.88 >2.06 238 (4.6) 1.53 (0.89-2.62)
. <3.88 <2.06 2,274 (44.1)  1.00 [Reference]
.50 1.;)0 1.50 2.00 2.50 3.00

aHR per 1-SD (95% Cl)

Fig. 3. aHRs of participants grouped by (A) LDL-C and ApoB, (B) LDL-C and non-HDL-C, (C) non-HDL-C and ApoB.
Abbreviations: aHR, adjusted hazard ratio; ApoB, apolipoprotein B; Cl, confidence interval; non-HDL-C, non-HDL cholesterol; LDL-C, LDL cholesterol.
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markers, ApoB showed the highest aHR per 1-SD of 1.26 (95%
Cl, 1.11-1.43), followed by non-HDL-C at 1.25 (95% Cl, 1.11-
1.41) and LDL-C at 1.20 (95% Cl, 1.06-1.37). When grouped
by tertiles of each lipid marker, the aHRs for ASCVD in the high-
est tertiles were 1.51 for LDL-C, 1.47 for non-HDL-C, and 1.53
for ApoB compared to those in the lowest tertile (Supplemental
Data Table S4). The risk of ASCVD was similar between the mid-
dle and lowest tertiles for all three lipid markers.

Participants were also grouped according to the median val-
ues of the three lipid markers to confirm which markers are most
suitable for predicting ASCVD. The aHR of each group was cal-
culated by adjusting for the effects of other variables (Fig. 3).
Based on the median values, the aHR for ASCVD was 1.30 (95%
Cl, 0.79-2.16) in the group with high LDL-C and low ApoB con-
centrations and was 1.61 (95% Cl, 1.05-2.48) in the group with
low LDL-C and high ApoB concentrations (Fig. 3A). The aHR in
the group with high LDL-C and low non-HDL-C concentrations
was 1.45 (95% Cl, 0.90-2.36), and that in the group with low
LDL-C and high non-HDL-C concentrations was 1.16 (95% ClI,
0.72-1.89) (Fig. 3B). Finally, the aHR in the group with high
non-HDL-C and low ApoB concentrations was 1.01 (95% Cl,
0.53-1.96), and that in the group with low non-HDL-C and high
ApoB concentrations was 1.53 (95% Cl, 0.89-2.62) (Fig. 3C).

DISCUSSION

Non-HDL-C and ApoB are important markers for the manage-
ment of blood cholesterol, as they represent LDL-C and other
minor cholesterols that cause ASCVD. However, these are treated
as secondary markers, and LDL-C remains the main marker of
dyslipidemia in clinical practice.

We analyzed prospective cohort data to compare the predic-
tive ability of the three lipid markers (non-HDL-C, LDL-C, and
ApoB) for 8-year ASCVD risk. Recent clinical guidelines con-
sider most individuals with DM to be at high or very high risk of
ASCVD, regardless of their lipid concentrations [4, 5]. To adjust
for confounding factors, including DM, we performed a multi-
variate analysis including all factors known to be associated with
ASCVD. When considering other variables, LDL-C, non-HDL-C,
and ApoB concentrations were significantly associated with a
higher risk of 8-year cardiovascular event development. The aHR
per 1-SD was the highest for ApoB, followed by non-HDL-C and
LDL-C. When grouped by median values of two lipid markers,
the aHR of the group with low LDL-C and high ApoB concentra-
tions was higher than that of the reference group (low LDL-C
and low ApoB concentrations). This reflects the importance of

https://doi.org/10.3343/alm.2023.43.3.237
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ApoB concentrations in predicting ASCVD, regardless of LDL-C
concentrations. The ApoB test is recommended for individuals
with apparently normal LDL-C concentrations if they have other
risk factors for ASCVD.

In univariate Cox regression analysis, hypertension and CKD
were associated with a higher risk of 8-year cardiovascular event
development, while a family history of premature ASCVD was
not. The opposite results were obtained in the multivariate Cox
regression analysis. The discordant results may be due to the
association among the variables. Hypertension and CKD are
closely related to age (P<0.001, data not shown); when ana-
lyzed together, the risk of ASCVD increased, although statistical
significance was not reached (Supplemental Data Table S3). Meta-
analyses, including more independent cohort studies, may be
helpful in verifying the association of these variables with ASCVD.
Smoking is also a known risk factor for ASCVD, but we could not
determine its significance in our data. This may be because cur-
rent smoking status does not perfectly reflect an individual's smok-
ing history; for instance, although the participant may have been
a smoker at the time of the survey, their pack-years may have
been very short. Conversely, a long-term smoker might have quit
smoking at the time of the survey. Participants also may not have
answered truthfully. For predicting ASCVD, other factors such as
smoking intensity may be more suitable than smoking status
[14]. Since only smoking status was included in our analysis,
we could not perform further evaluations of smoking history.

Studies have compared these three lipid markers in ASCVD
[10-12, 15-17]; however, identifying the most potent marker of
ASCVD is challenging. Some studies indicated that ApoB may
not be superior to non-HDL-C and LDL-C [15, 161, whereas other
recent studies indicated ApoB as a superior marker for predict-
ing ASCVD. Johannesen, et al. [11] followed 13,015 individuals
treated with a statin for 8 years; the HRs of the high ApoB and
low LDL-C group were 1.21 (95% Cl, 1.07-1.36) for all-cause
mortality and 1.49 (95% Cl, 1.15-1.92) for myocardial infarc-
tion compared with those of the low ApoB and low LDL-C groups.
Corresponding values for the high non-HDL-C and low LDL-C
groups were 1.18 (95% Cl, 1.02-1.36) and 1.78 (95% Cl, 1.35—
2.34), respectively. However, high LDL-C and low ApoB or non-
HDL-C were not significantly associated with all-cause mortality
or myocardial infarction. Marston, et al. [17] conducted a pro-
spective cohort study that included 389,529 participants in the
primary prevention group and 40,430 participants in the statin-
treated group. When the three lipid markers were evaluated to-
gether, only ApoB was associated with myocardial infarction in
the primary prevention (aHR: 1.27; 95% Cl, 1.15-1.40) and

241



ANN
LAB
MED

statin treatment groups. A meta-analysis including 233,455 par-
ticipants showed that the relative risk ratios for cardiovascular
event were 1.43 (95% Cl, 1.31-1.51), 1.34 (95% Cl, 1.24-1.44),
and 1.25 (95% Cl, 1.18-1.33) for ApoB, non-HDL-C, and LDL-
C, respectively [10]. Another meta-analysis comparing risk re-
duction after statin therapy showed that the mean coronary heart
disease risk reduction per change in ApoB concentration was
21.6% (95% Cl, 12.0%-31.2%) greater than that observed per
change in LDL-C concentration (P<0.001) and was 24.3% (95%
Cl, 22.4%-26.2%) greater than that observed per change in
non-HDL-C concentration (P<0.001) [12]. In our study, ApoB
showed the highest aHR per 1-SD of 1.26 (95% Cl, 1.11-1.43),
non-HDL-C showed an aHR of 1.25 (95% CI, 1.11-1.41), and
LDL-C showed the lowest aHR of 1.20 (95% ClI, 1.06-1.37) af-
ter adjusting for sex, age, hypertension, DM, current smoking,
and family history of premature ASCVD and CKD.

This study has some limitations. First, the data were depen-
dent on the participants’ responses to the survey; therefore, in-
accurate information could have been included, such as incor-
rect diagnosis or incorrect onset age. Second, the definition of
coronary artery disease was not clear because the KoGES sur-
veyor did not provide a clear definition. Presence of disease ac-
cording to an International Classification of Diseases (ICD) code
in the medical records would be more appropriate. Finally, we
could not determine which lipid marker was the best for predict-
ing ASCVD using these cohort data alone. As shown in Fig. 3,
ApoB was a significant predictor even for individuals with low
LDL-C concentrations, whereas non-HDL-C concentrations were
not significant. From an analytical viewpoint, the non-HDL-C
concentration is dependent on the calculation method, and the
assumed total error of total cholesterol concentration plus HDL-
C concentration is larger than that of ApoB [18]. There may be
a difference between LDL-C calculated by the classical Friede-
wald formula and directly measured LDL-C [19], which may
have affected our results.

In conclusion, ApoB, non-HDL-C, and LDL-C are indepen-
dent risk factors for ASCVD. Increases in the aHR per 1-SD for
ASCVD were more greatly affected by ApoB, non-HDL-C, and
LDL-C, in that order, based on KoGES cohort data. Participants
with low LDL-C but high ApoB concentrations showed an in-
creased risk of ASCVD. In individuals with ASCVD risk factors,
even those presenting with normal LDL-C concentrations, mea-
suring ApoB can provide useful information for better assess-
ment of ASCVD risk.
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