Korean Diabetes J 33:143~154, 2009 ORIGINAL ARTICLES

DOl : 10.4093/kdj.2009.33.2.143

A28 PR ApoB/ApoA -1 Ratio®) dSST 2 diSIT
78 gazefe] A

olstol et HFedorstat, suap
1 =loq1 1 1, % 2 = 2 .= 1
e’ Asy'  OIRF' - WK HEF? - sl - BN

Associations between ApoB/ApoA-I Ratios and Metabolic Syndrome and its Components in
Patients with Type 2 Diabetes

Jung Eun Kim', Wha Young Kim', Yoon Jung Lee', Ji Eun Park', Young Ju Choi’, Kap Bum Huh’, Ji-Yun Hwang'

]Depaerent of Nutritional Science and Food Management, Ewha Womans University,
221C Diabetics and Vascular Research Center, Seoul, Korea

Abstract
Background: The Apolipoprotein B/apolipoprotein A-I ratio (apoB/apoA-I) is a powerful clinical indicator of
metabolic syndrome. However, few studies have searched for an association between ApoB/ApoA-I and
metabolic syndrome in Korean patients with type 2 diabetes. We investigated the relation between
ApoB/ApoA-I and the risk of metabolic syndrome and its components.

Methods: Subjects were 812 (424 males and 388 females) Korean patients who were being treated for type
2 diabetes at Huh's Diabetes Center in Seoul. The patients were classified into quartiles (lowest:Q1-
highest:Q4) of ApoB/ApoA-I by gender. Anthropometric and hematological characteristics and dietary intake
using a food frequency questionnaire were assessed.

Results: The prevalence of metabolic syndrome in our sample was 47.9% in males and 66.5% in females. The
odds ratios (OR) for metabolic syndrome and for having its components were significantly increased from
Q2 to Q4 quartiles of ApoB/ApoA-I in males (OR = 5.37; 95% CI = 2.98-9.65 and OR = 7.41; 95% CI =
4.04-13.6) and females (OR = 2.57; 95% CI = 1.28-5.15 and OR = 8.49; 95% CI = 4.28-16.8). These trends
withstood adjustment for age, duration of type 2 diabetes, fasting blood glucose levels, and macronutrient
intake both in males (OR = 5.24; 95% CI = 2.80-9.24 and OR = 7.98; 95% CI = 4.09-15.6) and in females
(OR=4.41; 95% CI = 2.26-8.61 and OR = 8.29; 95% CI = 3.85-17.8).

Conclusion: ApoB/ApoA-I appeared to be independently associated with risk of having metabolic syndrome
and its components in Korean patients with type 2 diabetes after adjustment for putative risk factors
including macronutrient intake, a particularly important lifestyle factor for patients with type 2 diabetes. A
follow-up study of this population should evaluate the mechanisms underlying the relation between
ApoB/ApoA-I and metabolic syndrome and its components. (Korean Diabetes ]J 33:143-154, 2009)
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Table 1. General characteristics of subjects (N = 812)

Male
All Quartiles of ApoB/ApoA-I P
n=424 QlL,n=106 Q2 n=106 Q3,n=106 Q4 n = 106

ApoB/ApoA-1 0.83 = 028 0.51 + 0.08° 071 + 0.04" 0.89 + 0.06° 120 + 0.20° < 0.0001

ApoB, g/L 1043 + 300 742 + 170" 956 + 174" 113.1 + 18.1° 1342 + 27.1* < 0.0001

ApoA-1, g/L 129.6 + 249 1450 + 27.5" 1338 + 21.6° 127.4 + 18.5° 112.3 + 192° < 0.0001
Age, y 543 £ 107 556 98 551 *95 53.9 £ 109 528 + 122 0.2080
Duration of diagnosed DM, y 77 +76 86+ 72° 89 + 8.8 70 £ 69" 65+ 75" 0.0450
Family history of DM, n (%) 217 (51.3) 48 (45.3) 57 (53.8) 61 (58.1) 51 (48.1) 0.2440
Metabolic syndrome, n (%) 203 (47.9) 27 (25.5) 34 (32.1) 66 (62.3) 76 (71.7) < 0.0001
Medication use, n (%)

Diabetes 282 (66.5) 80 (75.5) 74 (69.8) 61 (57.6) 67 (63.2) 0.0538

Hypertension 92 (21.7) 25 (23.6) 17 (16.0) 25 (23.6) 25 (23.6) 0.4462

Dyslipidemia 67 (15.8) 19 (17.9) 19 (17.9) 15 (14.2) 14 (13.2) 0.6889

Female
All Quartiles of ApoB/ApoA-I P
n=238  QLn=97 Qn=97 Q3,n=97 Q4 n =097

ApoB/ApoA-1 0.79 = 029 046 * 0.10" 0.68 + 0.05° 0.86 + 0.05° 1.16 + 0.25° < 0.0001

ApoB, g/L 1048 + 322 723 + 203" 938 * 153" 1159 + 22.0° 137.3 + 258 < 0.0001

ApoA-1, g/L 1382 + 28.7 157.1 + 30.5" 139.0 + 20.0° 135.8 + 265" 121.0 + 250° < 0.0001
Age, y 583 + 96 582 + 104 585+ 9.1 577 + 101 587 + 86 0.8985
Duration of diagnosed DM, y 87 +72 86 * 81 93 + 7.0 8.6 + 6.8 84 + 7.0 0.8689
Family history of DM, n (%) 205 (53.1) 46 (47.4) 52 (54.2) 56 (57.7) 51 (53.1) 0.5449
Metabolic syndrome, n (%) 258 (66.5) 38 (39.2) 66 (68.0) 72 (742) 82 (845) < 0.0001
Medication use, n (%)

Diabetes 303 (78.1) 72 (74.2) 80 (82.5) 79 (81.4) 72 (74.2) 0.3313

Hypertension 111 (28.6) 34 (35.1) 33 (34.0) 21 (21.7) 23 (23.7) 0.0785

Dyslipidemia 88 (22.7) 22 (22.7) 24 (24.7) 23 (23.7) 19 (19.6) 0.8440

abed-

Values are means + SD or n (%). Calculated using one-way ANOVA test or a X test. Values with different alphabets
are significantly different among the four quartile groups by Duncan’s multiple range test: P < 0.05. ApoB/ApoA-1,

Apolipoprotein Bfapolipoprotein A-I ratio, DM, diabetes mellitus.
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Table 2. Anthropometric and hematological characteristics of subjects (N = 812)

=]

Male
All Quartiles of ApoB/ApoAl P
n=424 QlLn=106 Q2 n=106 Q3,n=106 Q4 n = 106
Metabolic syndrome
components
Waist circumference, cm 85.0 + 04 83.1 + 0.8° 83.6 = 0.8° 862 + 0.7° 87.0 + 0.8° 0.0004
HDL-C, mg/dL 473 + 0.6 566 + 14" 496 + 1.1 442 + 08° 387 + 1.0° 0.0001
Triglyceride, mg/dL 1450 £ 5.1 101.1 + 5.5% 131.9 = 9.0° 1545 + 7.6° 192.7 = 14.7° 0.0001
Blood pressure, mm Hg
Systolic 1325 £ 09 1302 + 1.8 1304 = 1.6° 1369 + 1.7° 1326 + 1.7° 0.0211
Diastolic 860 + 0.6 844 + 1.1° 846 + 1.1 892 + 12" 857 + L1° 0.0095
Variables related to metabolic
syndrome
BMI, kg/m’ 245 + 0.1 239 + 03" 241 + 03° 249 + 02° 252 + 03° 0.0021
WHR 091 + 0.0 090 + 0.0° 091 + 0.0° 092 + 0.0° 092 + 0.0° 0.0061
Total-C, mg/dL 1863 + 1.8 160.8 + 2.8* 179.0 = 2.9° 1946 + 2.8° 211.0 + 3.9 0.0001
LDL-C, mg/dL 1102 + 1.6 84.0 + 2.0° 1029 = 24" 1195 + 2.5° 1343 =+ 3.4° 0.0001
HbAlc, % 84 + 0.1 8.1 + 02" 83 + 02° 79 + 02° 92 + 02" 0.0001
Insulin, ng/dL 81+03 73 *05 84 +09 79 + 04 88 + 0.5 0.2657
Kirr, %/min 205+ 01 219 £ 01° 215+ 01* 208 +0.1° 176 + 0.1° 0.0087
Al 32 + 0.1 20 +0.1° 27 *0.1b 35 +01° 45+ 0.1¢ 0.0001
hsCRP, mg/dL 221 £ 03 173 £07° 154 +02*° 191 £ 04 361 = 1.0° 0.0157
TNF-q, pg/mL 124 + 00 124 +01 113 + 0.1 129 + 0.1 132 + 0.1 0.2716
IL-6, pg/ mL 186 + 0.1 146 + 02" 198 + 03 1.84 + 02" 2.16 + 0.3" 0.0261
Adiponectin, ug/mL 452 + 02 615 £ 05 469 + 05° 3.69 £ 05° 349 + 0.5" 0.0003
Female
All Quartiles of ApoB/ApoAl P
n = 388 QL,n=97 Q2,n=97 Q3,n=97 Q4,n =97
Metabolic syndrome
components
Waist circumference, cm 798 + 04 769 + 0.8 79.8 + 09° 809 + 0.7° 81.6 + 0.7° 0.0001
HDL-C, mg/dL 524 + 0.8 648 £ 1.7° 516 + 1.1 498 + 12° 433 + 1.1° 0.0001
Triglyceride, mg/dL 142.6 + 45 106.1 + 69* 131.0 + 7.6° 1575 + 92° 1758 + 104° < 0.0001
Blood pressure, mm Hg
Systolic 1359 + 1.0 132.1 + 2.1* 1361 = 1.8 1373 + 2.0° 1383 + 1.9° 0.0227
Diastolic 835 + 0.6 820 + 1.3° 827+ 1.0° 852 + 12" 841 + 13" 0.0340
Variables related to metabolic
syndrome
BMI, kg/m’ 242 + 02 232 + 03° 243 + 04> 245+ 03° 250 + 0.3° 0.0010
WHR 091 + 0.0 090 + 0.0° 091 + 00° 091 + 0.0° 092 + 0.0" 0.0413
Total-C, mg/dL 1959 + 22 1683 + 3.3* 1733 + 10.5° 208.8 + 4.2° 2257 + 4.0° 0.0001
LDL-C, mg/dL 1150 + 20 822 + 2.6 103.0 + 2.6° 1276 + 3.4° 1472 + 3.5° 0.0001
HbAlc, % 85 + 0.1 83 + 02° 80 * 02° 8.6 + 02 90 + 0.2° 0.0037
Insulin, ng/dL 9.1 + 0.3 87 +08 97 * 08 8.6 + 04 9.6 + 0.8 0.6041
Kirr, %/min 207 + 0.1 228 £ 0.1° 217 + 0.1* 203 £ 01" 180 + 0.1 0.0102
Al 30 £01 168 +0.1° 260+ 01° 328 £ 0.1° 441 + 0.1° 0.0001
hsCRP, mg/dL 188 £ 03 091 £ 0.1° 154 + 02 1.70 £ 02 347 + 1.0° 0.0036
TNF-a, pg/mL 1.10 £ 0.0 092 + 0.0° 109 + 0.1° 112 + 01° 127 +0.1° 0.0023
IL-6, pg/ mL 155+ 0.1 141 £+ 02 154 + 02 138 + 0.1 1.85 + 0.3 0.3035
Adiponectin, jg/mL 693 £ 04 915+ 1.0° 6.81 rbg.ﬁ" 641 + 0.6° 541 + 05" 0.0015
*a

Values are means * SE. Calculated using one-way ANOVA test.

Values with different alphabets are significantly

different among the four quartile groups by Duncan’s multiple range test: P < 0.05. Al, atherogenic index; BMI, body mass
index; HDL-C, high density lipoprotein-cholesterol; hsCRP, highly sensitive C-reactive protein; IL-6, interleukin-6; LDL-C,
low density lipoprotein-cholesterol; TNF-q, tumor necrosis factor-a; Total-C, total-cholesterol; WHR, waist-hip ratio.
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Fig. 1. Daily average macronutrient intakes of male (A) and female (B) subjects. Upper figures for energy intake and

lower figures for carbohydrate, protein, and fat intakes. P-values indicate statistical differences among four quartile groups
from one-way ANOVA test ®Values with different alphabets are significantly different among the four quartile groups in

same gender by Duncan’s multiple range test: P < 0.05.
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S37¢] ORo| fesHAl S7ksldeldAl, OR = 537

ApoB/ApoA-1 AHE$] 3
95% CI = 2.98-9.65 and 7.41; 4.04-13.6; oIz}, 2.57,

I Al AFEE ek

B

W crude ORS &

Table 3. OR and 95% CI for the metabolic syndrome and its components according to quartiles of ApoB/ApoA-I

Male

Quartiles according to ApoB/ApoA-I

Likelihood ratio test for trend

Ql n =106) Q2 (n=106) Q3 (n=106) Q4 (n = 106)

MetS  Crude 1 1.54 5.37 7.41 < 0.0001
(0.86, 2.73) (2.98, 9.65) (4.04, 13.6)

Adjusted 1 1.52 5.24 7.98 < 0.0001
(0.80, 2.90) (2.80, 9.24) (4.09, 15.6)

BP Crude 1 0.60 1.26 1.29 0.0023
(0.38, 0.96) (0.79, 2.01) (0.81, 2.02)

Adjusted 1 1.09 2.54 1.36 < 0.0001
(0.66, 1.79) (1.54, 4.19) (0.82, 2.26)

TG Crude 1 1.70 3.93 8.74 < 0.0001
(1.06, 2.72) (2.42, 6.38) (5.29, 14.5)

Adjusted 1 1.93 4.57 8.33 < 0.0001
(1.16, 3.20) (2.73, 7.63) (4.84, 14.3)

HDL  Crude 1 3.35 8.05 19.9 < 0.0001
(2.07, 5.43) (4.86, 13.3) (11.7, 33.9)

Adjusted 1 2.27 5.55 18.0 < 0.0001
(1.36, 3.77) (4.29, 9.37) (10.1, 31.9)

wC Crude 1 1.06 1.95 1.94 0.0567
(0.67, 1.69) (1.22, 3.12) (1.21, 3.10)

Adjusted 1 1.11 2.03 1.95 0.0047
(0.67, 1.84) (1.23, 3.33) (1.17, 3.25)

Female
Quartiles according to ApoB/ApoA-I - .
ol m = 97) Q2 m = 97) Q3 (m = 97) 04 0 = 97) Likelihood ratio test for trend

MetS  Crude 1 1.90 2.57 8.49 < 0.0001
(0.93, 3.88) (1.28, 5.15) (4.28, 16.8)

Adjusted 1 3.54 441 8.29 < 0.0001
(1.84, 6.81) (2.26, 8.61) (3.85, 17.8)

BP Crude 1 1.18 1.25 1.87 0.0015
(0.73, 1.92) (0.77, 2.04) (1.14, 3.05)

Adjusted 1 1.60 1.79 1.76 0.0269
(0.95, 2.70) (1.06, 3.03) (1.03, 3.01)

TG Crude 1 1.59 2.80 6.61 < 0.0001
(0.98, 2.60) (1.70, 4.59) (3.95, 11.1)

Adjusted 1 2.70 4.63 6.07 < 0.0001
(1.59, 4.59) (2.70, 7.95) (3.46, 10.6)

HDL  Crude 1 2.74 4.19 20.1 < 0.0001
(1.66, 4.51) (2.53, 6.97) (11.6, 35.1)

Adjusted 1 491 8.18 23.2 < 0.0001
(2.83, 8.53) (4.65, 14.4) (12.6, 42.9)

WwC Crude 1 1.21 1.50 3.04 < 0.0001
(0.74, 1.97) (0.92, 2.44) (1.85, 5.01)

Adjusted 1 1.07 191 2.02 0.0013
(0.65, 1.76) (1.16, 3.13) (1.22, 3.36)

Calculated using a logistic regression analysis. Adjusted for age, duration of diabetes mellitus, fasting blood glucose levels,

and macronutrient intake (energy for males and fat for females). ApoB/ApoA-1, Apolipoprotein B/apolipoprotein A-I ratio;

BP, blood pressure; HDL, high density lipoprotein; MetS, metabolic syndrome; TG, triglyceride; WC, waist circumference.
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