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ABSTRACT

Recent research reported health risks associated with high carbohydrates diets. Objectives of this study were to evaluate in a cross-
sectional study if high carbohydrate diet is associated with coronary heart disease(CHD) risk factors: examined blood concentration
of triglyceride{TG}, total cholesterol, high density lipoprotein cholesterol(HDL-C), plasma glucose, systolic blood pressure(BP),
body mass index{(BMI), waist- hip ratio(WHR) and waist-stature ratio(WSR). Using the most recent US National Health and
Nutrition Examination Survey(NHANES ) data, the naticnally representative US population(3772 men, 4095 women of 25 - 64
vears of age). was divided into low vs. high carbohydrate diet groups(below 40% vs. above 60% energy intake from carbohydrates)
and compared by the CHD risk factors. Triglyceride was higher(p < 0.001) in the high carbohydrate group, whereas high density-
lipoprotein cholestero(HDL-C) was lower(p < 0.01) in the high carbohydrate diet group. In plasma pglucose, there was no
significant differences berween high carbohydrate dier and low carbohydrate diet. In adiposity(BMI, WHR and WSR), it also
showed no significant differences. After adjustment for age, ethnicity, alcohol and smoking, in upper 60%-carbohydrate diet, Odds
Ratio of TG and HDL-C were 1.42 and 1.23 in men and 1.22 and 1.17 in women. 50— 60% carbohydrate diet was associated with
decreased risk of CHD. Dietary guidelines for Koreans recommend 60-70% of total energy from carbohydrates, as Koreans
traditionally consumed high carbohydrate diets. In a cross-sectional population of adults, diets containing 55— 60% energy from
carbohydrate were suggested as a dietary guideline of carbohydrate intake for Koreans, (Korean J Nutrition 33(8) : 873~ 881, 2000}
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1. g A & Ay

B 7= v)=22] National Center for Health Statis-
tics®] The Third Nutritional Examination Survey
(NHANES 1[I, 1988~1994)9] A2™& o] &3le] TAE
Aalgct. NHANES I ZARs #&7kAe] el 7 vt o
o] 2 A28 2AMAHbilingual interviewer)?} HHE St
FEdhg AFEAE AHR3A o] FojH. o] F %A A
A= NHANES °l'% #Hadetodl A A7kzAdel 23 of
Fojhm, A Nz FA) A AEtH Ao o)F
oj ATt 28l 24417 5% (24-hour recall method)ell
93] ojFoiF AALERAIEATAE o B35 F 40.600
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2. B2 (Outcome variables)

B adTedMe oA sl 9778 A2slo ol 2
& HRE A A 438 22(CHD risk factors) 2
2 7Fst] BASEG. F U], 9F, EFE 5T
F, §9, ¢=zg44, 14¥F, BMI(body mass in-
dex). WHR(waist-to-hip ratio). WSR(waist-to-sta—
ture ratio), 5%7| ¥ (systolic blood pressure), o]¢
7] "]t(diastolic biood pressure), 8% FAAL(TG),
g% & Ze2~elE, serum high density lipoprotein
(HDL-C), ¥4 d%d, 9% 2732 ot A4 =
@2 HE step-down multiple linear regression an-
alysisell @18te] 12719] rigk factors(tho], Q1% &4, ¢
#& 4%, BMI. WHR. WSR, %71 ¥4}, 83 $44
W ¥y F Su2HE, €¥HDL-C, 8% 2732 B
o] AAEC} viALGe T dB3E HFHF AAY 8
primary risk factors(BMI, WHR, WSR, #+5>7] ¥4,
HqA A €34 £ FHU20HE, @YHDLC, €% F
2ax)gte] FHAEE o], ¢F, ¥ € YFEL ad-
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B A7y AaEAML SUDAAN(Research Triangle
Institute, Research Triangle Park, NC)®oll 2]& o] %
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gression® multiple logistic regression® ©]-&3t A}
EE BEAsgch A ZAE 24 hour-recall me-
thod= ZAS ARE o] &3 a, o], AFE adjustd
%o linear regressiond] &&a, zF JU+ 4R & F
EWSE gl gt e 73 A g
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mEEEY g
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2 sl ngln s EgArEdae A e 9y
v (< 40%) 2] odds ratio® 1.0 T2 st Y
T9] alolg BT},
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Table 1. Sociodemographic diiferences of adults with high vs. low carbohydrate intake": NHANES I

Men Women
Low CHO High CHO Low CHO High CHO
n % n % P n %?° n % p”

All 925 61.9 509 381 692 49.1 771 50.9
Ethnicity

White 310 75.47 179 74.3 0.001 25t 75.8% 272 724 0.002

Black 336 14.0 123 3.0 256 14.3 227 110

Hispanic 257 5.2 172 6.0 161 4.1 215 5.0

Others 22 5.4 35 11.7 24 5.8 57 11.6
Agelyr)

25-34 320 36.0 185 34,4 0.706 237 32,6 270 34.2 0.303

3544 288 324 134 322 229 338 220 314

4554 174 200 88 18.8 1 17.4 130 14.2

55-64 143 11.6 102 14.6 115 16.1 151 20.2
Education{yr)

Less 6 102 13 118 8.3 0.017 64 4.5 124 73 0.043

7-12 521 50.0 224 419 437 576 409 47.8

13-16 236 335 116 328 160 324 192 38

Over 17 66 13.2 51 17.1 31 5.6 46 12.0
Income”

Less 1.3 3N 19.1 188 17.6 0.856 256 21.4 321 240 0.594

1.3-3.0 306 322 152 31.5 226 30.2 251 3.z

Over 3.0 308 48.7 162 509 210 48.4 199 44.4

Low CHO: The group whose carbohydrate intake is fess than 40 % of energy intake,
High CHO: The group whose carbohydrate intake is over 60 % of energy intake
Columns add to 100% weighted percentage based on the US population

“Chi-square test
“Poverty income ratio
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Table 2. Daily nutrient intakes of adults with high vs. low carbohydrate intake™: NHANES I
Men Women
Low CHO High CHO Low CHO High CHO p

Energy(kcal) 2936 + 52 2400 + 63 €.000 1998 + 44 1629 £ 36 0.000
Total fat(g) 1324+ 3 63+ 2 0.000 94+ 3 41 £ 1 (.000
Cholesterolimg) 508 + 15 194+ 11 0.000 351+ 17 121+ 5 0.000
Protein{g) 124+ 3 7612 0.000 84 £+ 31 51+ 2 0.000
Carbohydrate(g) 245+ 4 393 £ 10 0.000 173+ 4 271+ 6 0.600
Fiber(g) 17+ 0 21+1 0.000 12+ 0 16+ 1 0.000
Sugar(g) 100+ 4 212+ 9 .000 71+ 2 143+ 5 .000
Vitamin A{RE) 983 + 85 1153 £ 109 0.202 924+ 70 934+ 78 0.928
Thiamin{mg) 1.94 + 0.04 213+ 008 0.021 1.36 = 0.04 1.41 + 0.05 0411
Riboflavin(mg) 248 + 0.05 218+ 0.10 0.008 1.71 £ 0.05 1.49 = 0.06 0.004
Niacin{mg) 325+ 08 270+ 1. 0.000 2224+ 08 17.2+ 0.6 0.000
Vitamin B.{mg) 240 = 0.05 229+ 0.1 0.387 1.61 + 0.05 1.49 £ 0.05 0.052
Vitamin Bix{mcg) 8.54 £ 0.69 4.83 + 0.39 0.000 6.15+ 0.63 279+ 0.14 0.000
Folic acidimcg) 301 £ 10 370+ 23 0.011 224+ 7 253+ 12 0.031
Vitamin C{mg) 87+ 5 137+ 8 0.000 77t 4 M7+£7 0.000
Vitamin E(mg) 118+ 0.6 93+ 07 0.005 9.7 + 0.6 6.6+ 04 0.000
Calcium{mg) 974 + 33 830+ 40 0.001 709 + 26 641 + 25 0112
lron{mg) 16.7 + 04 214+ 13 0.001 122+ 03 131 £ 05 0.074
Zincimg) 171+ 05 124+ 06 0.000 113+ 03 79+ 03 0.000
Sodium(mg) 4800 = 115 3670 150 0.000 3439 £ 103 2356+ 73 0.000
Potassium(mg) 3454 + 61 3106 £ 104 0.007 2587 + 63 2347 £ 55 0.002
Alcohol(g) 41+ 4 1+ 0 0.000 20% 2 10 0.000
% Energy from

Total fat 404 £ 0.5 2307 £ 0.37 0.000 423+ 05 2239 £ 0.3 0.000
SFA 136x 0.2 748+ 0.2 0.000 139+ 0.2 748 £ 0.1 0.000
MFA 1554 0.2 8.55+ 0.17 (0.000 159+ 0.2 8.18 £ 0.1 (+.000
PUFA 814+ 0.2 512+ 037 0.000 934+ 03 49+ 0.1 0.000
Protein 174+ 03 1279 £ 0.26 0.000 172+ 0.3 1299 = 0.2 0.000
Carbohydrate 335+ 03 65.86 + 0.34 0.000 345 0.2 67.03 = 0.3 0.000
Sugar 135+ 04 348+£1.02 0.000 143+ 0.3 3503+ 0.8 0.00¢
Alcohol 94+ 06 0.45+ 01 0.000 6.8+ 06 038 £ 01 0.000
P/S ratio 0.66 £ 0.02 0.78 £ 0.03 0.002 074 + 0.03 0.76 + 0.03 0.513

Low CHO: The group whose carbohydrate intake is less than 40 % of energy intake
High CHO: The group whose carbohydrate intake is over 60 % of energy intake
Mean + S.£: Sample weighted mean. Standard error is calculated by linearization(Taylor series) variance estimation of SUDAAN.

*Contrast between low and high carbohydrate intake group by t-test
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Table 3. Serum lipid and plasma glucose concentartion of adults with high vs. fow- carbohydrate intake'®: NHANES T

Men Women
low CHO High CHO g Low CHO High CHO n
Jotal cholesterol{mg/d) 2116+ 1.6 2005+ 33 0.007 1977+ 138 198.2 + 2.1 0.859
Triglyceridestmg/di 1433+ 5.0 1792+ 85 0.003 116.5 + 6.2 1265+ 4.1 3.151
HOL chofesierolimg/dh 493+ 10 414+ 0B 0.000 581 + 1.3 530+ 09 0.001
Glucose(mg/dly 93.7 4 0.7 951+ 1.4 0.350 . 89.2 4+ 0.7 912+ 10 0053

Low CHO: The group whase carbohydrate inake is less than 40% of energy intake

High CHO: The group whose carbohydrate 60% of energy intake

*Mean + SE: Sample weighted mean. Standard error is calculated by linearization{Taylor series) variance estimation of SUDAAN.

*Contrast between Jow and high carbohydrate intake group by ttest

Table 4, Blood pressure and Adiposity of adufts with high vs. low carbohydrate intake™™ NHANES I

Men Women
tow CHO High CHO p* tow CHO High CHO D
Systofic blood pressure(mmHg) 1246 + 0.7 i2t0% 09 0.007 63+ 07 1149 % 0.8 0.201
Body mass indextkg/m®) 270+ 03 263+ 0.3 0.125 263+ 0.3 259+ 03 0.323
W/ ratic® 0.95 + 0¥ 0.95 + 0¥ 0.766 0.86 + 3.0 085 £ ¢° 0.524
W/S ratio® 0.54 + 0.0 0.54 + o 0.381 0.54 £ 0.07 053+ ¢ 0.155

"Low CHO: The group whose carbohydrate intake is less than 40% of energy intake
High CHO' The proup whose carhohydrate intake is over 60% of energy intake
"Mean + $.£: Sample weighted mean. Standard error s calculated by linearization{Taylor series} variance estimation of SUDAAN.

>Contrast between low and high carbohydrate intake group by -test
“Waist hip ratio

Waist stature ratio

“less than 0.01
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Table 3. Odds ratio for CHD risk factors by the level of carbohydrate intake{Men): NHANES I

Energy from carbohydrate

< 40% 40 - 50% 50~ 60% > 60% P

Systolic blood pressure

Mean -+ SE{mmHg)z’ 1239 + 0.6 121.8 £ 05 1216 + 06 211 £ 09 (4.007

Odds ratio{95%Cly" 1.0 0.52(0.31 ~ 0.88) 0.58(0.32~ 1.04) 0.41(0.22~0.77} 0.020
Body mass index

Mean + SElkg/m’} 274 + 0.3 266 2 0.2 262 + 03 262 + 04 0.016

Odds ratio(95%CH 1.0 0.67(0.45 ~ 0.98} 0.45(0.26 - 0.70) 0.44(0.25 - 0.79%) 0.006
W/H ratio

Mean + SE 10x0 085+ 0 395 £ 0 095 + 0 0.015

Odds ratio(35%Cl 1.0 0.82(0.61 ~ 1.11} 0.76(0.53 - 1.09} 0.86(0.48 - 1.54} 0.379
WIS ratio

Mean + SE 06 0 054 + 0 053 £ 0 053+ 0 0.008

Odds ratio{95%CH 1.0 0.67(0.46 - 0.97) 0.560.40 - 0.78) 0.59(0.38 - 0.89) 0.008
Serum TGmg/dl) -

Mean + SE 1460 + 5.5 1466 + 43 1509 + 5.0 175.6 + 85 0.026

Odds ratio(@5%Cly 10 0.81(0.44 - 1.51) 1.03(0.55 - 1.86) 1.42(0.73 - 2.76} 0.094
Serum total cholesterof

Mean = SE(mg/dl} 2127 =18 2024 £ 14 1995 + 20 1998 + 3.2 0.00(

Odds ratio(95%CH 1.0 0.56(0.35 - 0.8% (.56(0.31~ 1.01) 0.52(0.30-0.89) 0.058
Serunt HDL cholestero}

Mean + SEmg/di) 470+ 10 46.6 + 0.7 46.6 +- 0.8 428 - 09 4.001

Odds ratiol@5%Ch 1.0 0.69(0.50 - 0.96} 0.66(0.45 - 0.96; 1.2310.69-2.1% 0.001
Plasma glucose

Mean +SEmg/di)+827 95.7 + 0b 961 £ 05 955 + 06 96.7 + 1.1 1.726

Odds ratiof35%Ch 1.0 1.14{0.61 - 2.14) 0.8400.53~-13%

"Wald ¥ regression test between carbohydrate intake categeries,

0.81(0.34-1.92} 0.564

“Means are adjusted for age, ethnicity, tatal energy intake, smoking and alcohol intake.
*Adjusted for age, ethnicity, total energy intake, smoking, and alcohol intake

o AurE o E43HE Uil 40% olEigt A &
FEHEHAM] 2] Odds Ratio® 1.02% ¥9te o g4
Bl Aulzt 40~50%. 50~60% ¥l 60% o) FE
d o YA B F JeAE dEngd ol g ¥ B
Aol kg A = 3l vl ¢F ¢ae 28n §9
8952 adjust 39 AFHE WA F FALHE
AAEE g E e e o E 438 Ryt

watel A9, graE AHsEd g HEIANHER
¢1E9 Odds Ratio?} AelE BAY, HAYRE Vehy
= BMI. WHR ¥ WSRZ 3 @382 Odds
Ratio”t W2 %S By 2318 gl o2y}
50~60%d B7} 60% oigd dof vist of 2 & Fgg n
o 60%°13e 2 SrdtEAle ARMEE @5 ddf
2 a7 gl 2es e aein 84 & Se 2
Bolu 8% %32 %% gesEduya) ulst 50~
60%1}t 60% 14 W Odds Ratio?t 0.5~0.82 wolA]
 A9E gk iy Adaddsg fgesies 7

5= FAA et HDL-CY A9 E53Edy Ay
7} 50~60% 5ol A= 1.013% 0.6691 Odds Ratio® B
ARG 60%014 o1 Odds Ratio?} 1.427% 1.23
22 o 23t F IFaBoluiAe] 40%015e) A e
stEAAlef vish BT o F 4 UE8E vehla, 5
60%0]49] 31 SREEAAE 50~60%Y SFEEAA
B} e Ege 9822089 Odds Ratiog F7H4]
7= ARE Boli= Ao ey

oid el ol BREE WAzt 50~60%4E
F 2870 Odds Ratio?h 1.492 1.0(<40% car-
bohydrate diet) Bot 22 H¥xE B9 vy 60% o)
o} a1 geagdva] HRFEAME FARE F 295
HE HDL-C9 Odds Ratio?} 1.22, 131 1172 1.0 B
ot B4 Uil 60% oj4e] 2 iR R AdaA
AgAFaciEs AFEA o F 5 USE AME
. wEhA G 25 @5agulA] H)7} 60% el d oz
Z7¥sbd 53] $42%9 HDL-CY Qdds Ratio?} 1.0



Table 6. Odds ratio for CHD risk factors by the level of carbohydrate intake(Women): NHANES I

HEEESES 36

B73~881, 2000/879

Energy from carbohydrate

< 40% 40-50% 50— 60% > 60% p”

Systolic blood pressure

Mean = SE(mmHg)” 1155 + 0.7 1158 + 06 1148 + 0.5 1145 + 0.7 0.307

Odds ratio(95%Ci)" 1.0 1.17(0.60-2.29} 1.50(0.64 - 1.72) 0.69(0.41-1.17) 0.124
Body mass index

Mean =+ SE(kg/m? 266 + 0.3 262 + 0.3 258 + 0.3 256 + 0.3 0.024

' Odds ratio(@5%Cl) 1.0 0.77(0.55-1.10) (.63(0.44 - 0.92) 0.57(0.40-0.81) 0.018
W/H ratio

Mean + SE 086+ 0 085+0 0850 0850 0.284

Odds ratio{35%Ch 1.0 (0.79(0.54-1.16) 0.66(0.45-0.97) 0.82(0.56-1.21) 0.186
WS ratio

Mean + SE 055+ 0 054+ 0 053 +0 0530 0.004

Odds ratio(35%Ch 1.0 0.81(0.60-1.10 ’ 0.65(0.46 - 0.93) 0.59(0.44 - 0.80) 0.003
Serum TG(mg/dl)

Mean + SE 118.5 £ 6.0 1060 + 2.9 1186 + 3.7 1251 + 4.1 0.001

QOdds ratio(95%CI) 1.0 0.54(0.34 -0.87) 1.00(0.67 - 1.49) 1.22(0.84-1.77) 0.007
Serum total cholesterol

Mean + SE(mg/dl) 1975 £ 16 199.2 £ 13 1995 + 18 197.0 +£ 2.0 0.669

Odds ratio(95%CH) 1.0 1.50(0.95 - 2.37) 1.49(0.93 - 2.39) 1.31(0.78 - 2.20) 0.278
Serum HDL cholesterol

Mean £ SE(mg/dl) 564 £ 1.0 56.8 = 0.6 555 + 0.7 535 + 038 0.006

Odds ratio(35%Cl) 1.0 0.99(0.63 ~ 1.56) 0.98(0.59-1.62) 1.17(0.70-1.94) 0.827
Plasma glucose

Mean + SE(mg/dl}+B27 N3+ 06 91.5 £ 0.6 919+ 1.0 91.7 + 0.8 0.948

QOdds ratio(95%CI) 1.0 0.88(0.51-1.52) 0.78(0.39-1.54) 0.90(0.52-1.53) 0.905

"Wald F regression test between carbohydrate intake categories.

“Means are adjusted for age, ethnicity, tatal energy intake, smoking and alcohol intake.
*Adjusted for age, ethnicity, total energy intake, smoking, and alcohol intake
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