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Abstract

Background and aim : Increased low—density lipoprotein cholesterol (LDL—C)
level and the presence of metabolic syndrome (MetS) are important risk factors
for cardiovascular disease (CVD) in type 2 diabetes (T2DM). Recent studies
demonstrated apolipoprotein B (apoB), a protein mainly located in LDL—C, was
an independent predictor of the development of CVD especially in patients with
T2DM. The aim of the study is to investigate the relationship between apoB and

MetS in T2DM patients.

Material and methods : We analyzed 912 patients with T2DM. Fasting blood
samples were taken for HbAlc, hsCRP, total cholesterol, triglyceride (TG),
HDL-C, LDL—C and apoB. MetS was defined by the modified National Choles—
terol Education Program — Adult Treatment Panel (NCEP—ATP) III criteria.
We performed a hierarchical regression analysis with apoB as the dependent
variable. Age, sex, the number of components of MetS and LDL—-C were en—
tered at model 1, the use of lipid—lowering medications at model 2, and the in—

dividual components of MetS were added at model 3.

Results : Seventy percent of total subjects had the MetS. ApoB level was higher
in subjects with MetS than those without MetS (104.5+53.3 vs 87.7+33.7

mg/dL; p<0.01) even after adjusting for LDL—C. ApoB and LDL—C were posi—



tively correlated to NoMetS. The hierarchical regression analysis showed that
the increasing number of MetS components was associated with higher level of
apoB (3=0.120; p<0.001 and 8=0.110; p<0.001, respectively) at model 1 and
model 2. At model 3, TG (B=0.116; p<0.001) and systolic blood pressure

(8=0.099; p<0.05) were significantly contributed to apoB.

Conclusion : In patients with T2DM, apoB is significantly related to MetS inde—
pendently of LDL—C level. Of the components of MetS, TG and systolic pres—

sure are determinants of apoB.

Key words : Type 2 diabetes, Apolipoprotein B, Metabolic syndrome, Cardi—

ovascular disease
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Table 1. Baseline characteristics

Number (n)

Sex (M/F)

Use of antilipidemic agent (%)
Age (years)

Height (cm)

Body weight (kg)

BMI (kg/m?)

Waist Circumference (WC) (cm)
Systolic BP (mmHg)

Diastolic BP (mmHQ)

HbAlc (%)

hsCRP (mg/dL)

AST (IU/L)

ALT (IU/L)

TC (mg/dL)

TG (mg/dL)

HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)

Apo B (mg/dL)

Apo Al (mg/dL)

912
516/396
45.6
58.4
161.8
66.3
25.2
89.9
1315
79.9
9.3
0.5
26.8
29.8
178.4
167.9
45.6
109.4
99.5
136.8

Values are presented as mean = SD or frequency (%).

HbAlc, hemoglobin Alc; hsCRP, high sensitivity C-reactive protein; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; apoB, apolipoprotein B.
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Table 2. Comparison of clinical and laboratory variables between metabolic syndrome (MetS)

and non-MetS groups.

MetS group

Non—MetS group

Variables (N = 641) (N = 271) P value
Age (years) 58.6 £ 12.8 58.1+13.4 0.590
Male (%) 51.8 67.9 <0.001
Duration of diabetes (years) 9.6+86 9.1+7.8 0.430
HbAlc (%) 9.2+23 9.4+28 0.342
C-peptide (ng/mL) 29+0.1 19+1.1 <0.001
Body mass index (kg/m?) 26.2+ 3.9 229+3.1 <0.001
Waist circumference (cm) 92.7+10.0 83.4+8.6 <0.001
Systolic blood pressure (mmHg) 135.0+17.4 123.4+ 14.8 <0.001
Diastolic blood pressure (mmHg) 81.4+10.7 76.3+£9.1 <0.001
Triglyceride (mg/dL) 197.7 + 161.6 97.3+47.2 <0.001
HDL-C (mg/dL) 43.2+20.1 51.4+125 <0.001
LDL-C (mg/dL) 112.2 + 40.6 102.9+ 37.3 0.001
apoB (mg/dL) 104.5+53.3 87.7+33.7 <0.001
hsCRP (mg/dL) 05+19 04+16 0.580
Use of anti-lipidemic agents (%) 49.6 36.2 <0.001

Values are presented as mean = SD or frequency (%). HbAlc, hemoglobin Alc; hsCRP,
high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; apoB, apolipoprotein B.
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(A) P =0.001 (B) P < 0.001*
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Figure 1. Differences in LDL-C (A) and apoB (B) according to the presence of metabolic
syndrome. * Adjusted for LDL-C by ANCOVA. Data are expressed as means = SE. LDL-C,
low-density lipoprotein cholesterol.
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Figure 2. Differences in waist circumference (A), SBP (B), DBP (C), triglyceride (D), HDL-
C (E) according to the presence of metabolic syndrome. Data are expressed as means + SE.
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprote-
in cholesterol.
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Table 3. Clinical and laboratory variables according to the number of components of meta-
bolic syndrome.

Number of components of metabolic syndrome

Variable pANOVA pTREND
1 2 3 4 5

n 7 194 288 248 105

Male (%) 64.9 69.1 56.9 48.0 46.7 <0.001 <0.001
Use of anti-lipidemic agents (%) 37.7 35.6 46.5 49.2 59.0 0.001 <0.001
Age (years) 55.3 59.2 59.4 57.6 58.7 0.890 0.195
BMI (kg/m?) 22.1 233 25.3 26.8 27.3 <0.001 <0.001
WC (cm) 80.9 84.3 89.8 94.0 97.6 <0.001 <0.001
SBP (mmHg) 114.9 126.8 131.9 134.8 143.9 <0.001 <0.001
DBP (mmHg) 71.0 78.4 79.1 82.2 86.0 <0.001 <0.001
DM duration (years) 8.86 9.20 9.95 8.78 10.54 0.319 0.276
HbAlc (%) 9.7 9.3 9.1 9.3 9.3 0.360 0.318
hsCRP (mg/dL) 0.5 0.4 0.6 0.5 0.4 0.620 0.656
TC (mg/dL) 1737 168.4 178.5 184.2 186.6 0.008 0.010
TG (mg/dL) 87.9 101.0 148.8 224.1 269.9 <0.001 <0.001
HDL-C (mg/dL) 55.7 49.7 48.7 39.9 35.4 <0.001 <0.001
LDL-C (mg/dL) 103.9 102.5 108.5 114.9 115.6 0.050 0.004
apoB (mg/dL) 84.1 89.2 99.4 109.5 106.8 <0.001 <0.001
apoAl (mg/dL) 1514 140.8 139.1 131.3 125.6 <0.001 <0.001
ALT (IU/L) 26.2 27.1 27.8 333 35.0 0.003 0.020
AST (IU/L) 235 24.7 27.1 28.2 28.6 0.253 0.045

Values are presented as mean. HbAlc, hemoglobin Alc; hsCRP, high sensitivity C-reactive
protein; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cho-
lesterol; apoB, apolipoprotein B; pANOVA, p value by ANOVA; pTREND, p value by the
test for linear trend.
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(A) £ ANOVA = 0.050 (B) P ANOVA < 0.001

120y PTREND = 0.004 120 1 PTREND < 0.001
__ 10 110
3 3
@ 100 S 100
E E
(3]
9 B 90
[a) o
= <

80 80

70 | 70

1 2 3 4 5 1 2 3 4 5

Number of components of Metabolic syndrome  Number of components of Metabolic syndrome
Figure 3. Differences in LDL-C (A) and apoB (B) according to the number of components of

metabolic syndrome. Data are expressed as means = SE. P ANOVA, P value by ANOVA; P
TREND, P value by the test for linear trend. LDL-C, low-density lipoprotein cholesterol.
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Figure 4. Differences in waist circumference (A), SBP (B), DBP (C), triglyceride (D), HDL-
C (E) according to the number of components of metabolic syndrome. Data are expressed as
means £ SE. P ANOVA, P value by ANOVA; P TREND, P value by the test for linear trend;
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Table 4. Hierarchical regression analysis between apolipoprotein B and clinical variables.

Model 1 Model 2 Model 3
Variables (R*=0.270) (R*=0.273) (R?=0.287)
p* P p* P p* P
Age -0.019 0.510 -0.021 0.468 -0.013 0.678
Male 0.070 0.017 0.072 0.014 0.055 0.071
LDL-C 0.490 <0.001 0.506 <0.001 0.494 <0.001
No of MetS components 0.120 <0.001 0.110 <0.001 0.036 0.401
Use of anti-lipidemic agents 0.064 0.031 0.055 0.064
Waist circumference -0.006 0.863
Systolic blood pressure 0.099 0.018
Diastolic blood pressure -0.040 0.314
Triglyceride 0.116  <0.001
HDL-C -0.014 0.660

Apolipoprotein B level was the dependent variable. f*, partial regression coefficient; R?
Adjusted R-squared. LDL-C, low-density lipoprotein cholesterol; No of MetS components,
number of metabolic syndrome components; HDL-C, high-density lipoprotein cholesterol.
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