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Abstract
Background: Cardiovascular disease (CVD) is the major cause of death in type 2 diabetic patients. The
purpose of this study was to investigate the characteristics of Korean type 2 diabetes mellitus (DM) patients
according to plasma high density lipoprotein (HDL) cholesterol level and to document the effect of diet on
HDL-cholesterol.

Methods: The subjects were 252 (male: 134, female: 118) Korean type 2 DM patients recruited from a general
hospital’'s DM clinic and divided into low HDL-cholesterol group (male < 40 mg/dL, female < 50 mg/dL)
and control group (male > 40 mg/dL, female > 50 mg/dL). Anthropometric and hematological variables and
dietary intake were assessed by the groups.

Results: The subject’s mean age was 60.2 £ 1.1 years and duration of diabetes was 9.5 + 1.0 years. Anthropometric
measurements (body fat mass, % body fat, WHR, fat free mass, and muscle mass) and BMI were not significantly
different between two groups. The male subjects with low HDL-cholesterolemia showed higher Atherogenic
Index (AI, P < 0.001) and higher % carbohydrate from energy than control group (P < 0.01). The female subjects
with low HDL-cholesterolemia showed higher Al (P <0.001) and a tendency of higher triglyceride level and lower
intake of energy, protein, lipid, vitamin By and vitamin E (P < 0.05) than control group.

Conclusion: The subject with low HDL-cholesterolemia showed significantly higher Al. Male subject with
low HDL-cholesterolemia consumed higher carbohydrate and female subject with low HDL-cholesterolemia
showed lower intakes of many nutrients. This result suggests the importance of an adequate and balanced
diet to manage type 2 DM patients to prevent CVD complications. (KOREAN DIABETES ] 32:215-223, 2008)
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B zA08Ae] EAe A HH low-HDLw} A3+
o] ¥ HDL-Fa|l2=HlE 5% 27 40.7 + 0.7 mg/dL
7} 548 = 0.8 mg/dLolglom, FAAAE 36.6 + 0.6
mg/dL, 51.2 + 1.0 mg/dL).2™ oiz=43.3 + 0.9 mg/dL
9} 60.4 + 1.0 mg/dLSIrk. 24} uld=ke] 739 3 vole}
FH 0|37+ low-HDLT-S 61.6 + 1.04], 10.1 £ 0.9
W, AT 594 + 084, 9.1 + 0.6 12F F 7 7ol §

Table 1. General characteristics, anthropometric variables and hematological parameters of the subjects

Group All Male Female

low-HDL control low-HDL control low-HDL control

Contents (n =91 (n = 161) (n = 36) (n = 98) (n = 55) (n = 63)
HDL-cholesterol (mg/dL) 407 £ 07 548 + 08 366 + 06 512 + 10 433+ 09 604 £ 1.0
Ages (year) 616 + 1.0 594 + 08 614 +15 591+ 10 617+ 13 508 + 13
Duration of DM (year) 101 + 09 9.1+ 06 91 + 1.1 97 + 08 108+ 1.3 8.1+ 08

% of medication Diabetes mellitus ~ 83.5/16.5° 67.7/32.3 80.6/19.4 67.4/32.6 85.5/14.5§ 68.3/31.7

usage, Yes/No  Hypertension 36.3/63.7 36.0/64.0 36.1/63.9 39.8/60.2 36.4/63.6 30.2/69.8

Dyslipidemia 14.3/85.7 14.3/85.7 13.9/86.1 13.3/86.7 14.5/85.5 15.9/84.1
Weight (kg) 647 + 1.1 668 = 09 74+15 715+ 10 597 + 1.0 505 + 1.1
BMI (kg/m?) 248 +03 247 02 251 + 04 249 + 03 247 + 04 244 + 04
WHR 091 + 000 091 000 092 + 001 091 + 0.00 091 = 001 090 *+ 001
Body Fat (%) 278 + 06 258 05 232 £07 228 %05 309 + 0.7 304 + 08
Skeletal muscle mass (kg) 255+ 06 273 %05 314 + 06 310 04 216 + 04 216 + 04
FBS (mg/dL) 1347 + 46 1488 + 35 1288+ 58 1521 + 44 1386 + 66 1438 + 538
HbAlc (%) 79 + 02 79 + 0.1 73 + 02 79 + 02 82 + 02 79 02
C-peptide (ng/dL) 23+ 0.1 2.1+ 0.1 27 +03 23+ 01 22+ 01 19 + 0.1
LDL-cholesterol (mg/dL) 972 + 36 1049 * 29 933 + 58 979 + 33 997 + 46 1159 + 5.1
Triglyceride (mg/dL) 1607+ 69 1420 + 5.8 1740 + 111 1493 + 82 1520+ 88 1306 + 74
Total cholesterol (mg/dL) 1697 + 37 1881 + 3.1 1641 59" 1790 + 36 733 + 48" 2004 + 53
Al 32 01 25 + 0.1 35+ 020 26+01 31 + 01" 24 £ 0.1
SBP (mmHg) 1253+ 10 1231 %07 1260+ 1.7 1227 + 10 1248+ 12 1236 * 08
DBP (mmHg) 793 £ 06 790 * 04 788+ 13 793+ 06 797+ 05 786 + 0.6

Data are mean * standard error. BMI, body mass index; WHR, waist-to-hip ratio; FBS, fasting blood sugar; HbAlc,
hemoglobin Alc; Al, atherogenic index, SBP, Systolic blood pressure; DBP, Diastolic blood pressure. Low-HDL group,

male < 40 mg/dL, female < 50 mg/dL, control group: male >

40 mg/dL, female > 50 mg/dL. *, ¥, ¥ Significantly

different by Student’ t-test; P < 0.05, P < 0.01, P < 0.001, respectively. § Significant at P < 0.05 by Chi-square-test.
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oJHQ1 Ko7t glglom AR EAstoI e WRfet o2} o
AR} BiollA low-HDLw} Aol St ve]9) o3t
717kl relAel Zo|7} glgdek. wet vy ulgal 2 o
ek, aAEZoF B8 Are} kAol whE 7 7 ol
oke] o)z} glglont Barriekol| A= low-HDL oA T
His AoF vepdrl Ag, dlel-dde] b, AAYE,
BMIE -+ T Zhll 521531 Xo]7}F §iodar, Fstoll= Xto]
7} {39ic} (Table 1).

2. CHARIO| Abslalx| S

ZAgAle] eSS

TR Jow-HDL Y} AakrollA] 2
ZF 134.7 + 4.6 mg/dL¥} 148.8 + 3.5 mg/dLE low-HDL
TollA fefHow Ugich olefdl Ak WAl Aol
T UEls oL ofze] Hfollis 7 7 7kl Zol7t $igick

Low-HDL-9] & Z#|2HIE 5+ 169.7 £ 3.7 mg/dL
2 AAT<] 188.1 + 3.1 mg/dL¥} Bluste] folHoz o
3L (P < 0.05) LDL-Zl=ElEd AR -+ 7 7kl
Aozt glglrl. FWASAIGE low-HDLT] 32 + 0.1,
AAT0] 2.5 + 0.1°2F low-HDLT0] fo]8o& =gk}
(P < 0.001).

ol A= vhrol EA4el B Jxtb b dAke] low-HDL
T Ao F EElsEE wEE 4 1641 £ 59
mg/dL¥} 179.0 + 3.6 mg/dLE low-HDLT0| foldo&
gokor] (P < 0.05), 5UW4sIA4~= low-HDL°] 3.5 =+

02, AAFo] 2.6 + 0.12F low-HDLTo] §80& &
Skeh(P < 0.001). ®FH, oIz} tdAE= low-HDLTIA]
LDL-Fal=eEdt & EalsdlEe] fol¥os uoka &
AREEE Jow-HDLT] 152.0 + 8.8 mg/dLoE A4S
130.6 + 7.4 mg/dLEc} 52 73S Hylor) fol¥el
= ot TWAHSIAISE low-HDLTF AArollA 22t
3.1 £ 0.13} 2.4 £ 0.12 low-HDL7IA] feldoz =9k
t}(P < 0.001) (Table 1).
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L
T Zell frelHQl A7k figiek e AeA AE T

ollA §A] W F5ollA] low-HDL®] 15.6 + 4.3 g, A
0] 9.4 + 1.0 g& & low-HDLT°| foldoz =2 AHAE

F5 o] Egslo] glov] HoliYe] this B AYS
Bl gdrollA] ket

oz} oAte] 739 Rt gAte mET A2 A Ao
AlF L AEA AR T T el fFelFRl Ko7t
glort, =4 AEe] A% low-HDLT®] 2834 +
20.5 g, 4ol 3862 + 45.1 gO& low-HDL| <]
Ao Jo 4HE BYrh(P < 0.05). ARAeR Ay

Table 2. Daily food intake by food groups of the study subjects

Female

control (n = 98)

low-HDL (n = 55) control (n = 63)

Group Male

Food group (g) low-HDL (n = 36)
Meats Beef 48.8 £ 6.9

Pork 21.8 + 4.0

Chicken 14.8 + 2.7
Fishes 934 + 133
Eggs 189 £+ 45
Milk & milk products 129.6 + 21.8
Animal Total 3273 + 346
Cereal and cereal products 338.5 £ 20.5
Potatoes 193 + 3.7
Legume 1133 + 19.1
Vegetable 4215 + 97.3
Seaweed 11.8 + 1.8
Fruit 237.3 + 26.1
Sugar & fat oil 156 + 4.3
Plant Total 11572 + 1294
Others 649 + 225"
Total food intake 1549.5 + 148.8

504 + 5.8 351 + 7.9 57.7 + 19.0
244 + 3.6 11.6 1.9 133 + 33
219 + 5.3 11.8 + 2.5 211 + 79
1185 + 9.0 86.9 + 7.4 99.8 + 11.2
213 + 2.6 126 + 2.2 183 + 2.5
1405 = 122 125.4 + 183 1759 + 19.8
377.1 + 203 2834 + 205" 386.2 + 45.1
3229 + 155 2532 + 12.0 261.8 + 12.1
26.5 + 3.3 420 + 84 325 £ 59
145.0 = 15.9 126.4 + 13.1 156.8 = 16.9
4511 + 27.8 4575 + 387 460.4 + 372
158 £ 2.3 149 + 29 134 + 1.6
203.8 + 17.4 2074 + 183 262.1 + 29.1

94 + 1.0 63 + 1.1 158 * 4.1

1174.5 + 50.3 1107.7 + 60.9 12027 + 67.2
136.7 + 14.6 160 + 5.5 21.1 + 44

16882 + 63.4 14072 + 74.8 1610.0 + 94.9

Data are mean * standard error. *, ¥ Significantly different by
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8 LaHEK0IM B HDL-BYAHE $E1 ABTHTE 2829 24

low-HDL0| kel frold o ykeh(P < 0.05).
At A A3 ] BellA] F AAL, E3RARAL

TDAEZAAL, RS AF el JlolAlE

low-HDL7#} 4R Zholl 21211 Xlo7} gigiek.

4. HDL-SYAHE == A9, o MAL

Alolsizimel 2

UA AFRES 7 T Zell 72149 Zol7t ISIAE ol HDL-F#|I2 g3} wiks, dAgE, Aoloke] i
A T EFolA low-HDL-] B3l AlnlEo] 44 AE EAste] HDL-ZalzdlEol d&ks miXle A=

T3} vlasie] felF oz E=A] vERSE (P < 0.01). L 9
o] thid, 24, wlelql, F7149] gl 7 - Aolol]
Zpo]7h ATk (Table 3).

oIz thAle] oulA] Ad2Eke low-HDL o] 1710.6 =+
70.5 keal, AA7o] 2019.2 + 128.7 kcal Z low-HDL 714
GIRoE YUgkort(P < 0.05) oA EEoAE low-
HDL#} At Zhll 21421 Xlol7t gigick 1 2ol
childyl 214, Fal-elE, vlelRl B, vlElR] E9] 437}

i

Aslazl sigick Wd 25 BMI, WHR, AAWE (%)
5 AAAIE=E HDL-Z8|481E Zhol] f-elg AaAls
Holx| ¢kolr}

HDL-Z8l|l2-eEat doigddate] dsaAls 24sh 22
2} thdRke] 73 cpeptide (r = -0.221, P < 0.05), Z4IA
Hh(r = -0323, P < 001), EWAAE(r = -05%, P <
0.001)}F oAl 5o AHARE vl o372} tydzlel]
A c-peptide (r = 0216, P < 0.05), A r = 0227,

Table 3. Intakes of energy and selected nutrients of the study subjects

Group Male Female
Contents low-HDL (n = 36) control (n = 98) low-HDL (n = 55) control (n = 63)
Energy (kcal) 2064.3 + 136.3 21754 + 72.8 1710.6 = 705" 2019.2 + 128.7
Energy distribution
% Carbohydrate 60.4 + 1.3 550 £ 0.8 59.6 £ 0.9 58.1 = 1.1
% Protein 164 + 0.5 172 + 0.3 17.6 + 0.3 18.0 + 0.3
% Lipid 227 + 1.0 245 + 0.6 233 + 0.7 249 + 0.9
Carbohydrate (g) 304.0 £ 17.2 2023 + 8.2 2535 + 10.7 2822 + 14.0
Protein (g) 872 + 7.4 95.4 + 4.1 757 + 3.6 93.0 + 7.4
Lipid (g) 550 + 5.6 61.1 + 3.1 446 £ 24 60.1 + 6.3
Cholesterol (mg) 336.7 + 39.9 387.5 + 223 2744 = 19.0° 370.0 + 34.7
TFA (g) 0.053 + 0.026 0.048 + 0.019 0.030 + 0.012 0.099 + 0.055
SFA (g) 0.013 £ 0.006 0.01 + 0.005 0.007 = 0.003 0.024 + 0.013
MUFA (g) 0.016 + 0.009 0.014 + 0.007 0.009 + 0.004 0.032 + 0.020
PUFA (g) 0.025 + 0.011 0.022 + 0.008 0.014 + 0.005 0.044 + 0.022
Calcium (mg) 749.1 £ 97.7 783.4 + 38.7 724.6 + 47.6 867.1 + 57.3
Iron (mg) 17.1 =+ 1.8 180 + 0.8 157 + 0.8 182 + 1.1
Zinc (mg) 11.0 £ 0.9 11.8 £ 0.4 10.0 £ 0.5 11.7 £ 09
Vitamin A (UgRE) 1204.3 + 263.0 11733 + 71.7 1108.5 + 115.8 11419 + 81.3
Vitamin B, (mg) 1.3 £ 0.1 14 £ 0.1 12 + 01 1.4 + 0.1
Vitamin B; (mg) 19 £ 03 22 +02 1.6 £ 0.1 20 + 02
Vitamin Bg (mg) 27 + 03 27 £ 0.1 23 £ 0.1 28 £ 02
Vitamin C (mg) 1456 + 19.7 1416 = 74 1394 £ 94 163.8 + 11.8
Folate (ug) 366.5 + 45.9 3899 * 184 365.6 + 23.4 399.6 + 21.6
Vitamin E (mg) 185 + 2.5 19.5 + 1.0 167 £ 1.17 213 + 1.8

Data are mean * standard error. Statistical significance was tested after adjustment for kcal for females. TFA, total fatty
acid; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. *, t Significantly
different by Student’ t-test; P < 0.05, P < 0.01, respectively.
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Table 4. The Pearson’s correlation coefficients between
HDL-cholesterol level, anthropometric data, hematologic

variables, and nutrient intakes

Gender Male Female
Contents (m=133) (n = 118)
BMI (kg/m’) -0.044 0.031
WHR -0.029 0.032
Body Fat (%) -0.037 0.040
C-peptide (ng/dL) -0.221° 0216
LDL-cholesterol (mg/dL) 0.106 0.152
Triglyceride (mg/dL) -0.323" 0227
Total cholestero (mg/dL) 0.283" 0.340"
Al -0.594° -0.534°
Energy (kcal) 0.108 0.147
Carbohydrate (g) -0.073 -0.061
Protein (g) -0.006 -0.057
Fat (g) -0.107 0.105
Cholesterol (mg) -0.018 0.153"
Calcium (mg) -0.033 -0.059
Iron (ng) -0.073 -0.155"
Vitamin A (ugRE) -0.075 -0.110
Vitamin B; (mg) -0.067 -0.040
Vitamin B, (mg) 0.037 -0.125
Vitamin Bg (mg) -0.089 -0.105
Folate (1g) 0.011 -0.089
Vitamin E (mg) 0.157" -0.091

* t % Significant by Pearson’s correlation coefficient;
P < 005, P < 001, P < 0.001, respectively. Al,
Atherogenic index; BMI, body mass index; WHR,
Waist-to-hip ratio.

P < 0.05), SWAAG (r = -0.534, P < 0.001)%} S22l
9] AHAE Uehle] W 25 HDL-ZaldlEo] Z7}
S5 c-peptide, FHAY, WIS Yolile &
Ak

2lolete] ApaAEAA = WA ok 749 nlel]
EQ] A2 (r = -0.157, P < 0.05)9} f-21H4Q1 2-2] AiatA|
£ Bl oz dvdRle] 739 o] FalkHlE AF ¢ =
0.153, P < 0.051)%= ] AHHAIE AE AHZ ¢ =
-0.155, P < 0.05)T= 9] ARAE EolrhTable 4).

HDL-ZFu|2=HlE 559 fodS Bl wWrEs 398
A& F3to] g¥k=S 753 77} (data not shown) Hi
B A 2 ZYAEIE () = 02942, P < 0.0001, oF; 8
= 0.2614, P < 0.0001)3} SWASAGE (' B = -12.6984, P <
0.0001, o}, B = -14.1031, P < 0.0001)7} HDL-Z=l|2=E|Zol|
ERldog ofgks v AoE Vel odoki 4k}
o] IAE Ao Az UAlolld= el E (B = -0.4258, P
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