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The low-density lipoprotein cholesterol to apolipoprotein B (LDL-C/apo B) ratio is associated
with cardiovascular risk factors and the prevalence of metabolic syndrome. The aim of this
study was to assess the relationship between LDL-C/apo B ratio and metabolic syndrome in
Korean men. This study included 499 men (mean age, 49.1 years) without metabolic
syndrome at baseline who were followed for an average of 2.9 years. Subjects were divided
into 4 groups according to baseline LDL-C/apo B ratio quartiles: greater than 1.243 in group I,
1.164 to 1.243 in group II, 1.070 to 1.163 in group III, and less than 1.070 in group IV. The
incidence of metabolic syndrome at follow-up was compared according to LDL-C/apo B ratio
group. Metabolic syndrome was defined using the National Cholesterol Education Program
Adult Treatment Panel III criteria. The overall incidence of metabolic syndrome was 9.6%:
1.6% in the highest quartile (group I), 9.7% in group II, 11.2% in group III, and 16.0% in the
lowest quartile (group IV) (P =.001). In multivariable regression analysis model adjusting for
age, lifestyle status, homeostasis model assessment of insulin resistance, LDL-C, and high-
sensitivity C-reactive protein, groups II, III, and IV had significantly increased odds ratio for
the incidence of metabolic syndrome compared with the highest LDL-C/apo B quartile
(group I). The LDL-C/apo B ratio is independently associated with metabolic syndrome in
Korean men, indicating that this ratio may provide additional information when assessing
cardiometabolic risks and predicting future development of metabolic syndrome.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

patients on statin therapy remain at relatively high residual
CVD risk [2]. Recently, the number of LDL particles has been

Low-density lipoprotein cholesterol (LDL-C) is a strong pre-
dictive marker of coronary artery disease (CAD). Lowering
LDL-C levels is considered a primary therapeutic goal for the
treatment of hypercholesterolemia [1]. Many studies have
demonstrated that lowering of LDL-C with statins reduces the
risk of cardiovascular disease (CVD). Nevertheless, many

proposed as a more reliable method reflecting atherogenicity
of the LDL fraction [3]. In addition, the size of LDL particles
may also contribute to the atherogenicity of LDL-C [4].
Actually, a recent study reported that LDL particle number
was more closely associated with CAD than LDL-C, whereas
LDL particle size was inversely related to CAD in apparently
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healthy men and women [5]. However, the determination of
LDL particle size and number is not easy because density
gradient ultracentrifugation and electrophoresis on gradient
polyacrylamide gels are required for the determination of LDL
particle size and because nuclear magnetic resonance for LDL
particle number are cumbersome and time-consuming.

Apolipoprotein B (apo B) is present in atherogenic lipopro-
teins (very low-density lipoprotein, intermediate-density
lipoprotein, and both large buoyant LDL and small dense
LDL), with one molecule of apo B in each of these atherogenic
particles [6]. Therefore, the total apo B level reflects the total
number of atherogenic particles. Moreover, plasma apo B is
suggested as a surrogate marker for an estimate of LDL particle
number because all LDL and very low-density lipoprotein
particles contain a single molecule of apo B protein and more
than 90% of apo B is found on LDL [7]. For this reason, apo B
may be a more sensitive measure of atherogenicity and a
better index for assessing cardiovascular risk than LDL-C [8]. In
addition, the LDL-C/apo B ratio indirectly determines LDL
particle size. Several studies have shown thatlower LDL-C/apo
B ratio identifies subjects who predominantly have small
dense LDL particles [9-11].

Metabolic syndrome (MetS) is a constellation of interre-
lated cardiometabolic risk that appears to directly promote
the development of atherosclerotic CVD [12]. These patients
with cardiometabolic risk have relatively normal levels of
LDL-C but increased numbers of small dense LDL particles
[13]. Some studies have revealed that individuals with an apo
B value higher than the predicted LDL-C were significantly
more likely to have MetS than those with an apo B value
lower than the predicted LDL-C [14,15]. In addition, a recent
population-based cohort study performed in Turkey revealed
that serum apo B/LDL-C ratio was weakly associated with
MetS [16]. However, there are not many supporting evidences
for the relationship between LDL-C/apo B ratio and incident
MetS. Thus, we aimed to assess the relationship between
LDL-C/apo B ratio and the incident MetS at 3-year follow-up
in Korean men.

2. Methods
2.1. Study population and design

We selected study subjects among a total of 5407 men who
visited Kangbuk Samsung Hospital for health examinations in
2002 and 2005. Among the potential study subjects, 4893
individuals were excluded: 865 individuals had MetS and 15
individuals had type 2 diabetes mellitus in 2002 (baseline
visit), and 4028 individuals did not have apolipoprotein A; (apo
A;) and apo B level measurements available. In all, 499 men
(mean age, 49.1 years; range, 23-81 years) who did not have
MetS in 2002 (baseline visit) were enrolled in the study and
were followed up for 3 years (the average follow-up period was
2.9 years). The study subjects were divided into 4 groups
according to baseline LDL-C/apo B ratio quartiles: greater than
1.243 in group I, 1.164 to 1.243 in group II, 1.070 to 1.163 in
group III, and less than 1.070 in group IV. We then compared
the incidence of MetS according to different LDL-C/apo B ratio
group after a follow-up survey.

2.2. Subject data

Medical and medication history, smoking status (current or
nonsmoker), alcohol consumption (>3 times per week), and
physical activity (>3 times per week) were assessed using the
same standard questionnaire in 2002 and 2005.

Blood pressure (BP) was measured with a standard
sphygmomanometer following at least 5 minutes of seated
rest. Height and weight were estimated using automated
instruments, with individuals wearing light clothing and no
shoes. Body mass index (BMI) was calculated as body weight
(kilograms) divided by height squared (meters). Waist circum-
ference (WC) was measured at the level of the umbilicus in a
standing position.

2.3. Biochemical measurements

Morning blood samples were drawn from the antecubital vein
after the participants had fasted for at least 12 hours. Serum
glucose levels were determined using the hexokinase method
(Advia 1650 AutoAnalyzer; Bayer Diagnostics, Leverkusen,
Germany). Insulin concentrations were measured using
immunoradiometric assays (Biosource, Nivelles, Belgium),
with intra- and interassay coefficients of variation of 2.1% to
4.5% and 4.7% to 12.2%, respectively. Insulin resistance was
estimated using the homeostasis model assessment of insulin
resistance index (HOMA-IR), which is defined as fasting insulin
(micro-international units per milliliter) x fasting glucose
(millimoles per liter)/22.5. Fasting total cholesterol (TC) and
triglycerides (TG) were measured enzymatically by an auto-
matic analyzer (Advia 1650 AutoAnalyzer, Bayer Diagnostics).
High-density lipoprotein cholesterol (HDL-C) concentrations
were measured by a selective inhibition technique (Bayer
Diagnostics). Levels of LDL-C were determined by a homoge-
neous enzymatic calorimetric test (Hitachi 747; Hitachi, New
York, USA). Concentrations of apo B and apo A; concentrations
were measured by rate nephelometry (IMMAGE System;
Beckman Coulter, CA, USA). High-sensitivity C-reactive
protein (hsCRP) was measured by particle-enhanced immu-
nonephelometry (Behring Nephelometer II; Dade Behring,
Marburg, Germany).

2.4. Definition of MetS

Metabolic syndrome was defined using the National Cholesterol
Education Program Adult Treatment Panel III criteria [12].
According to these criteria, MetS is diagnosed when at least 3
of the following 5 components are present: (1) abdominal
obesity (WC >90 cm for men or BMI >25 kg/m?); (2) TG
concentration of at least 150 mg/dL; (3) HDL-C less than
40 mg/dL; (4) systolic/diastolic BP of at least 130/85 mm Hg; and
(5) fasting glucose of at least 110 mg/dL.

2.5. Statistical analysis

Data were expressed as mean + SD for continuous variables
and percentages for categorical variables. Among the
variables, serum TG and hsCRP concentrations were log-
transformed for analysis to correct skewed distributions; but
the values in the tables are expressed as untransformed data
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for easy interpretation. Comparisons of baseline cardiovascu-
lar risk factors according to the presence/absence of incident
MetS were analyzed using Student t test for continuous
variables or the »? test for categorical variables. Comparisons
of baseline variables and follow-up changes among the LDL-
C/apo B ratio quartile groups were performed with the 1-way
analysis of variance (ANOVA) or the y? test. Comparisons of
development of individual MetS components and MetS
according to LDL-C/apo B quartiles were obtained from »?
tests with Bonferroni multiple comparison post hoc analysis.
Spearman rank correlation coefficient was conducted to
evaluate a correlation of continuous variables like lipoproteins
and other cardiovascular risk factors. Multivariable logistic
regression analyses were conducted to assess the relationship
between LDL-C/apo B ratio quartiles and the risk of incident
MetS: model 1 was adjusted for age and lifestyle status
(alcohol, smoking, and exercise); model 2 was adjusted as
model 1 and for HOMA-IR; and model 3 was adjusted as
model 2 and for LDL-C and hsCRP. All statistical analyses were
performed using PASW for Windows, version 17.0 (SPSS,
Chicago, IL). All statistical tests were 2-tailed, and P values
< .05 were considered statistically significant.

This study protocol was approved by the Institutional
Review Board of Kangbuk Samsung Hospital (KBC10091).

3. Results

The overall incidence of MetS in all population was 9.6% (48 of
499 men). The incidence of MetS was 1.6% in the highest
quartile (group I), 9.7% in the second (group 1II), 11.2% in the
third (group III), and 16.0% in the lowest quartile (group IV)
(P =.001). The overall incidence of MetS in the included subjects
was similar to that of the excluded subjects (9.6% [48/499] vs
10.7% [434/4043], P = .445).

Baseline characteristics between the non-MetS group and
the MetS group at follow-up are presented in Table 1. The MetS
group had higher mean BP, BMI, WC, TG, apo B, apo B/apo Aj,
fasting glucose, HOMA-IR, and hsCRP levels, and lower HDL-C,
apo A4, and LDL-C/apo B ratio values compared with the non-
MetS group.

Table 2 shows the comparison of baseline characteristics
according to LDL-C/apo B ratio quartiles. In the lowest LDL-C/
apo B quartile (group IV), WC, TG, apo B, apo B/apo A;, and
HOMA-IR were significantly higher than those in the highest
LDL-C/apo B quartile (group I). However, HDL-C and LDL-C
were significantly lower in the lower LDL-C/apo B quartiles
(groups II-IV) than those in the highest quartile (group I).
Especially, mean values of LDL-C and apo B of the highest LDL-
C/apo B quartile (group I) were located between 25th and 50th
estimated percentiles of LDL-C and apo B from the Framing-
ham Heart Study [17]. On the other hand, in the lowest LDL-C/
apo B quartile (group 1V), baseline mean value of LDL-C was
within 25th estimated percentiles; but mean value of apo B
was located around 50th percentiles.

The changes of variables between baseline and follow-up
are presented in Table 3. The change of serum TG was more
decreased in the lowest LDL-C/apo B ratio quartile (group IV)
than in the other groups (groups II, III, and IV) (P < .0001);
however, mean value of TG at follow-up was still highest in

Table 1 - Baseline characteristics between non-MetS and
MetS group at follow-up

Non-MetS MetS group P

group (n =451) (n=48) value
Age,y 49.0+94 49.7 +9.7 .635
Systolic BP, mm Hg 1149+ 12.4 119.5 £ 15.1 .016
Diastolic BP, mm Hg 758 +9.4 78.7 +9.5 .046
BMI, kg/m? 236+ 2.5 25.7 +2.1 <.0001
WC, cm 828 +7.0 86.3 £5.5 .007
TC, mmol/L 5.27 £ 0.83 5.44 £ 0.74 176
TG, mmol/L 1.50 + 0.84 1.94+£0.76 <.0001
HDL-C, mmol/L 1.42 +0.28 1.28 +0.23 .001
LDL-C, mmol/L 3.07 £0.70 3.17 + 0.66 .336
Apo B, g/L 1.025 + 0.225 1.138 £ 0.226  .001
Apo A,, g/L 1.228 + 0.179 1.184 + 0.163  .100
LDL-C/apo B 1.16 + 0.16 1.08 +0.11 .001
Apo B/apo A, 0.85 +0.22 0.98 +0.26  <.0001
Lipoprotein (a), umol/L 0.607 + 0.443 0.673 £0.620  .346
Glucose, mmol/L 4.97 +0.48 5.09 £ 0.51 112
HOMA-IR 1.625 + 0.578 1.876 £ 0.639  .005
hsCRP, mg/L 1.0+£1.7 15+£18 .003
Smoking (current), n (%) 175 (39.2) 26 (56.5) .023
Alcohol consumption 83 (18.5) 10 (21.7) .591
(>3 times/wk), n (%)
Physical activity 103 (23.2) 12 (27.3) 544

(>3 times/wk), n (%)

Values are mean + SD for continuous variables and number
(percentages) for categorical variables. P values for continuous
variables were obtained from the t test. P values for categorical
variables were obtained from »? tests. Triglycerides and hsCRP were
expressed as raw data, but were applied for statistical analysis after
natural logarithmic transformation.

group IV ([mean + SE, millimoles per liter] 1.16 + 0.53 in group,
1.24 +0.53 in group II, 1.51 + 0.67 in group III, and 2.11 + 1.09 in
group IV; P < .0001). The change of serum LDL-C was more
increased in the lowest LDL-C/apo B quartile (group IV) than in
the highest quartile (group I), but mean value at follow-up was
significantly lower in group IV than group I (P = .002).

The development of individual MetS component was
compared to assess the progression of BP, glucose, obesity,
TG, and HDL-C according to LDL-C/apo B quartiles (Table 4).
The development of glucose, TG, and HDL-C component
among the subjects without individual MetS component at
baseline was significantly increased according to LDL-C/apo
ratio quartiles (from group I to group IV) (P < .05).

In the Spearman rank correlation coefficient for lipopro-
teins and other cardiovascular risk factors, LDL-C/apo B
showed negative correlation with TG and apo B (p = —0.486
and -0.273, P < .01) and positive correlation with HDL-C and
LDL-C (p = 0.302 and 0.303, P < .01).

In age-adjusted logistic regression analyses, the lower
quartiles of LDL-C/apo B ratio had higher odds ratio (OR) for
the incident MetS compared with the highest quartile group
(7.03 [1.55-31.84] in group 1I, 8.79 [1.97-39.11] in group III, and
13.00 [2.99-56.60] in group IV; P < .0001). The OR results from
models 1, 2, and 3 were also attenuated but were still
significant (Table 5). Moreover, model 3 analysis including
BMI, HDL-C, TG, glucose, and systolic and diastolic BP revealed
that the OR in groups II, III, and IV were significantly high
compared with the highest quartile group (5.01 [1.01-24.89] in
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Table 2 - Baseline characteristics according to LDL-G/apo B quartiles

Group I (>1.243)  Group II (1.164-1.243)  Group III (1.070-1.163)  Group IV (<1.070) P value
(n = 125) (n = 124) (n = 125) (n = 125)

Age,y 48.1+9.6 488 +9.4 50.2 £ 9.0 49.2 +9.5 372
Systolic BP, mm Hg 1149 + 11.8 114.1 + 11.7 116.4 + 12.9 115.9 + 14.3 527
Diastolic BP, mm Hg 75.9 £ 8.3 753 +£9.9 774 £9.5 75.8 £ 10.0 344
BMI, kg/m? 235+23 237 +28 23.8+26 241+22 .309
WC, cm 80.5 + 6.9 83.0+7.7 842467 845+59" .001
TC, mmol/L 5.47 + 0.80 519 +0.81" 5.32 + 0.83 5.15+0.82" .010
TG, mmol/L 1.17 + 0.49 1.24 + 0.50 1.48 +0.58 T 228 +1.11"1* <.0001
HDL-C, mmol/L 1.52 + 0.27 142 +027" 142+ 030" 1.29 £ 0.23 " ¥ <.0001
LDL-C, mmol/L 3.37 +0.68 3.11+0.65 3.11+0.68" 271+061°0F <.0001
Apo B, g/L 0.969 + 0.202 1.000 + 0.214 1.078 +0.238 "1 1.097 +0.231°" <.0001
Apo A4, g/L 1.237 + 0.174 1.216 + 0.160 1.224 + 0.208 1.219 + 0.169 .809
LDL-C/apo B 1.35+0.12 1.20 + 0.02" 1.11+0.02"7 0.95 +0.09 " F <.0001
Apo B/apo A, 0.79 = 0.18 0.83 = 0.20 0.91+0.26"" 0.91+ 023" <.0001
Lipoprotein (a), umol/L 0.691 % 0.553 0.534 + 0.288" 0.641 + 0.464 0.585 + 0.494 .046
Glucose, mmol/L 4.94 + 0.50 4.93 + 0.45 499 + 047 5.07 £ 0.52 .087
HOMA-IR 1.589 + 0.582 1.561 = 0.553 1.635 + 0.593 1.809 = 0.598 T .004
hsCRP, mg/L 1.2 £0.18 1.0+17 1.2+21 0.9+1.2 877
Smoking (current), n (%) 44 (35.8) 46 (37.7) 35 (28.7) 50 (41.0) 230
Alcohol consumption 30 (24.4) 31 (25.4) 32 (26.2) 22 (18.2) 439
(>3 times/wk), n (%)

Physical activity 17 (13.7) 18 (14.6) 26 (21.0) 32 (25.8) .049

(>3 times/wk), n (%)

Values are mean + SD for continuous variables and number (percentages) for categorical variables. P values for continuous variables were
obtained from the 1-way ANOVA test. P values for categorical variables were obtained from y tests. Triglycerides and hsCRP were expressed as
raw data, but were applied for statistical analysis after natural logarithmic transformation.

" P<.05vs group L.
T P < .05 vs group IL.
* P < .05 vs group IIL.

group 11, 5.65 [1.16-27.47] in group III; and 6.75 [1.23-37.13] in
group IV; P < .0001).

4, Discussion

In the present study of 499 Korean men, the subjects in the
lower LDL-C/apo B ratio quartiles have higher incidences of
newly developed MetS at 3-year follow-up than those in the

highest LDL-C/apo B ratio quartile group, independent of other
risk factors. The LDL-C/apo B ratio was not only significantly
associated with WC, TG, apo B, and HOMA-IR at baseline, but
also inversely associated with HDL-C and LDL-C. This finding
indicates that even subjects with normal or low LDL-C levels
may be at high risk for developing MetS and potentially CVD.

Elevated LDL-C is an independent risk factor of CAD and
the primary target of lipid-lowering therapy [1]. A number of
trials have demonstrated that lowering LDL-C with statins

Table 3 - The changes of variables between at baseline and at follow-up according to LDL-C/apo B quartiles

Group I Group I Group III Group IV P value

Systolic BP, mm Hg —4.1+12.8 -0.4 + 125 -0.1+15.8 -23+144 .82
Diastolic BP, mm Hg -0.2+109 1.7 £9.7 1.9 £ 12.0 2.48 +10.8 .230
BMI, kg/m? 02+11 0.1+£0.9 0.1+0.9 0.1+0.9 727
TC, mmol/L 5.47 £ 0.80 5.19£0.81 5.32£0.83 5.15 + 0.82 .010
TG, mmol/L —-0.007 + 0.541 —0.003 + 0.528 0.036 + 0.551 ~0.167 = 1.093 ¥ <.0001
HDL-C, mmol/L -0.05 + 0.23 -0.02 £ 0.23 -0.01 + 0.26 -0.01 £ 0.18 .389
LDL-C, mmol/L -0.28 £ 0.51 -0.12 + 0.52 -0.09 +0.48" 0.06 +0.52" 1 <.0001
Apo B, g/L 0.004 + 0.180 —-0.035 + 0.175 -0.057 +0.152" -0.054 + 0.177 .029
Apo A, g/L 0.263 + 0.186 0.257 +0.195 0.266 + 0.220 0.242 + 0.195 .819
Glucose, mmol/L 0.29 + 0.44 0.34 + 0.43 0.42 + 0.60 0.41 +0.74 .235
HOMA-IR 0.358 +0.721 0.358 +0.713 0.469 + 0.865 0.329 + 0.813 .509
hsCRP, mg/L -0.28 +2.11 -0.11 £ 2.25 -0.02 + 3.10 0.04 + 1.86 427

Values are mean + SD for continuous variables. P values for continuous variables were obtained from the 1-way ANOVA test. Triglycerides and
hsCRP were expressed as raw data, but were applied for statistical analysis after natural logarithmic transformation.

" P<.05vs group .
T P < .05 vs group II.
* P <.05 vs group IIL.
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Table 4 - The development of individual MetS component and MetS according to LDL-C/apo B quartiles

Group I Group II Group III Group IV P value
BP (>130/85 mm Hg) 20/97 (20.6) 15/91 (16.5) 23/78 (29.5) 16/89 (18.0) .170
Glucose (>110 mg/dL) 2/125 (1.6) 8/123 (6.5) 12/123 (9.8) 14/123 (11.4)" 016
BMI (>25 kg/m?) 11/94 (11.7) 9/86 (10.5) 11/89 (12.4) 14/85 (16.5) 666
TG (>150 mg/dL) 9/107 (8.4) 11/104 (10.6) 16/82 (19.5) 9/42 (21.4) .047
HDL-C (<40 mg/dL) 2/123 (1.6) 6/117 (51) 5/120 (4.2) 12/115 (10.4)" .031
Incident MetS 2 (1.6) 12 (9.7)" 14 (11.2) 20 (16.0)" .001

Values are number of subjects with developed MetS component at follow-up/number of subjects without individual MetS component at baseline

(percentages). P values were obtained from y? tests.

* P<.0083 vs group I by Bonferroni multiple comparison post hoc analysis.

reduces the risk of CVD [18], and intensive lipid lowering
with statins provides significant benefits beyond the stan-
dard regimen [19,20]. However, despite adequate LDL-C
lowering, many patients on statin therapy have significant
residual CVD risk. One possible explanation for this finding is
that LDL-C does not reflect the atherogenicity of all apo
B-containing lipoproteins nor does it necessarily represent
the total number of LDL particles or the size distribution of
those particles [17].

Serum apo B has been proposed as a better index for
predicting the risk of CVD than TC or LDL-C. The Quebec
Cardiovascular Study reported that apo B was strongly
associated (relative risk of 1.4) with developing coronary
heart disease in 2155 men at 5 years of follow-up [21]. The
AMORIS (Apolipoprotein-related MOrality RISk) study demon-
strated that apo B is more strongly related to increased risk of
fatal myocardial infarction than non-HDL-C [22]. The results of
the Insulin Resistance Atherosclerosis Study also suggested
that elevated apo B is more strongly associated with insulin
resistance, obesity, dyslipidemia, dysglycemia, and hyperten-
sion than LDL-C [23]. Furthermore, a review conducted by
Sniderman and Faraj [24] concluded that apo B is associated
more closely with inflammatory markers and insulin resis-
tance than all other cholesterol markers and is an independent
predictor of future myocardial infarction. In our study, apo B
was also significantly correlated with obesity, dyslipidemia,
and insulin resistance.

Several studies have suggested that the LDL-C/apo B ratio is
associated with other cardiovascular risk factors and the
prevalence of MetS. We previously reported that individuals
who had proportionally higher apo B levels than LDL-C
concentrations (discordant values according to the regression

line between LDL-C and apo B) had higher prevalence of MetS
and more manifestations of MetS (high TG and non-HDL-C,
low HDL-C) [14]. The result of a Japanese study was also
consistent with that of our previous study [15]. These studies
have the limitation of being cross-sectional studies, but are
meaningful in suggesting that the LDL-C/apo B ratio could be a
predictive marker of newly developed MetS.

Recently, a Turkish cohort study with 7 years of follow-up
has reported predictive values of serum apo B/LDL-C in
cardiometabolic risk [16]. The incidence of Mets in the study
was 26.4% (169/640) in men, which is different from that of our
study (9.6%). The difference could be attributed to shorter
follow-up duration and younger population in our study. The
previous study also showed that apo B/LDL-C ratio was not
significantly associated with incident MetS in men, which is
not consistent with our results. This difference might be due
to the lower median LDL-C/apo B ratio in the previous study
and the difference of covariates for the analysis.

Three lines of evidence could support the relationship
between LDL-C/apo B ratio and incident MetS. First, previous
studies have revealed that the LDL-C/apo B ratio determines
LDL particle size. Second, dyslipidemia in MetS is characte-
rized by high plasma TG, low HDL-C, an increased number of
small dense LDL particles, and high concentrations of apo
B-containing lipoproteins [25,26]. Third, our result also
demonstrated that subjects in the MetS group have higher
TG levels and lower LDL-C/apo B ratio. In addition, the
subjects in the lower LDL-C/apo B ratio quartiles had higher
TG and lower HDL-C as a characteristic dyslipidemia of MetS
than those in the highest quartile. Thus, low LDL-C/apo B
ratio, reflecting small LDL size, may be associated with the
development of MetS.

Table 5 - Multivariable logistic regression analysis for the association between LDL-C/apo B and incident MetS

LDL-C/ Age adjusted Model 1 Model 2 Model 3

apo B - - - - . 1
& OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Group I 1 1 1 1

Group I 7.03 (1.55-31.84) " 5.59 (1.20-26.12) " 5.72 (1.20-27.40) " 6.14 (1.31-28.73) "

Group III 8.79 (1.97-39.11) 7.82 (1.72-35.64) " 7.96 (1.72-36.91) 7.60 (1.67-34.64)"

Group IV 13.00 (2.99-56.60) 10.32 (2.30-46.28) 9.38 (2.06-42.79) 9.33 (2.08-41.73) "

P for trend <.0001 <.0001 <.0001 <.0001

Model 1 was adjusted for age and lifestyle status. Model 2 was adjusted for age, lifestyle status, and HOMA-IR. Model 3 was adjusted for age,

lifestyle status, HOMA-IR, LDL-C, and hsCRP.
" P<.01.
T p<.05.
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This study has several limitations. First, there is the
possibility of selection bias because most participants were
residents of an urban community. There were no women in
the sample. Second, the total number of included subjects
was relatively small; and all subjects were of Korean descent.
Therefore, our study has a limitation in generalizing its
results to the worldwide population. However, the present
study is meaningful as a first study to clarify the relationship
between LDL-C/apo B ratio and incident MetS among an
Asian population.

In conclusion, LDL-C/apo B ratio is independently associ-
ated with incident MetS in Korean men, independent of
traditional risk factors, HOMA-IR, LDL-C, and hsCRP. This
result indicates that LDL-C/apo B ratio could provide addi-
tional information in assessing cardiometabolic risk and
predicting the future development of MetS.
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