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ABSTRACT

our findings in a prospective study.

Purpose: The prevalence of metabolic syndrome has increased in both the adult population and in adolescents. How-
ever, few studies have been conducted for adolescents. The aim of this study was to examine the association of metabolic
syndrome and its risk factors with high carbohydrate diet and high fa
Nutrition Examination Survey (1998—2009). Methods: Using the Acceptable Macronutrient Distribution Range for Korean
Dietary Reference Intakes, subjects whose energy intake from carbohydrate was greater than 70% and from fat was less
than 15% were classified as the ‘High—carbohydrate & low—fat diet (HCLF)' group and subjects whose energy intake from
carbohydrate was less than 60% and from fat was 25% or more were classified as the ‘Low—carbohydrate & high—fat Diet
(LCHF)" group. Among 5,931 eligible subjects, HCLF included 853 subjects and LCHF included 1,084 subjects. Results: The
mean age in both groups was 14 years and significant difference in age, BMI, sex, physical activity, and household income
was observed between the HCLF and LCHF groups. Regarding the energy intake compared to Estimated Energy Re-
quirement, the HCLF group met 79.0% and the LCHF group met 100.3%. Regarding nutrient intake per 1,000 kcal, carbo-
hydrate, iron, potassium, and vitamin C intake in the HCLF group were significantly higher, but protein, fat
phorus, vitamin A, thiamin, riboflavin, and niacin intakes were significantly lower in the HCLF group compared to the LCHF
group. After adjusting for age, sex, BMI, study year, household income, physical activity, and energy intake, the serum tri-
glycerides level and systolic blood pressure were slightly higher, while the serum HDL—cholesterol level was significantly
lower in HCLF than LCHF. The odds ratio of metabolic syndrome did not differ significantly between HCLF and LCHF.
Conclusion: Our findings indicate an association of a high carbohydrate diet with increased risks for metabolic syndrome
components, Conduct of future studies would be necessary in order to explore the underlying mechanism and to confirm
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Table 1. General characteristics of study subjects and macronutrient intakes
HCLF" LCHF” p-value®

No. (%) 853 (44.0) 1,084 (56.0)
Age (year)(Mean =+ SE) 14.2 0.1 143 +0.1 0.0481
BMI (kg/m?(Mean + SE) 20.4+0.1 20.7 £ 0.1 0.0009
Sex (%)

Girl 50.2 46.1 0.0021
Physical activity (%)

Yes 15.1 17.9 0.0020
Household income (%)

Lowest 18.9 1.1 < 0.0001

Medium-low 25.4 25.8

Medium-high 31.9 30.9

Highest 23.9 32.2

Mean + SE Mean + SE

Energy (kcal) 1,733.1 £ 28.8 2,233.0 £28.5 < 0.0001°
Carbohydrate (% energy) 763+0.2 52.9+0.2 < 0.0001°
Protein (% energy) 12.6 0.1 14.7 £ 0.1 < 0.0001°
Fat (% energy) 11.1+0.1 324+0.2 < 0.0001°

1) HCLF: High-carbohydrate & low-fat Diet 2) LCHF: Low-carbohydrate & high-fat Diet  3) Physical activity was assigned “yes" if
a subject engaged in physical activity at middle intensity more than 20 minutes at least 3 days or more per week over the previous
week 4) All analyses accounted for the complex sampling design effect and appropriate sampling weights of the national sur-
vey. 5) The models of nutrient intakes were adjusted for age, BMI, sex, study year, physical activity and household income.



Journal of Nutrition and Health (J Nutr Health) 2014; 47(3): 186 ~192 / 189

chilale 12.6%%1 Zlof| Wisll, LCHF 152 B3} &2
52.9%, AAL 32.4%, TTNAL 147%2 N THFFSA B5F
Fol4 zfol& UEITE

T 59 oA AH S B7ksP] s, dh=l 4%
A3 7150 AR AXE] = ofluA] L =75F (Bs-
timated Energy Requirement, EER)S & H5Lof|A] 285}
o 10~11A1, 12~14A], 15~18M 2 W0l A ARkt 7F o
oA ol qA] e Ak w2 15 71 ofl|A] FH #]
& vlil= Fig 13 2k AA 2 ®94S o HCLF 159 3
t AR 3= ollvA] e =47 tiH] 79.0% Htell wjx|A|
F8= W, LCHF 159 B+t ol|A] A= 100.3%2
U2 e AeFS 79 vhEshs A0 R eyl Agoid
2 UYRo RS di= A7t 571845 olvA] 28 4
& oie] ouA] A5 HlEo] Wolxlth

L 1=

Ui LU

T8 7 ouR] A7 gelF oz 2olzt 917 ufEe
1,000 keal B9} JFa> Wed AHESt] T3 7 Fod4 A
2 v|stSiTh (Table 2). 915, BMI, g9, AIA1Z-5 of
7Vt AESE, 2APAES BASIS |, HCLF 25004
SaskE, A, 24, HIE CYJ A7 LCHF 5] Hlsl
oo ® wotom, T, Ay, s, <l BlE A, Ejof
gl 2], volofAle] A= LCHF 25 Blsl £

[] HCLF [ LCHF

120% - 184
100% - 948 e 938 %02
0% 827 o 79.0

60%

40% |-

20% -

0%

10-11y 12-14y 15-18y  Allage (10-18y)

Fig. 1. The percent of energy intake (per EER) of study subjects.
HCLF: High-carbohydrate & low-fat Diet, LCHF: Low-carbohy-
drate & high-fat Diet.
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Table 2. Nutrient intake (per 1,000 kcal) of study subjects

HCLF" LCHF” )
(n=853) (n=1084 PVOVe
Mean + SE Mean + SE

Carbohydrate (g) 190.8 +0.4 1322+0.6 < 0.0001
Protein () 31.5+0.3 36.8+0.2 < 0.0001
Fat (g) 123 £0.1 36.0+0.2 < 0.0001
Calcium (mg) 214.7 £ 4.8 251.7 £4.9 < 0.0001
Phosphorus (mg) 549.4 + 5.4 563.6 + 4.6 0.0050
Iron (mg) 59+0.1 56+0.1 < 0.0001
Sodium (mg) 2143.6+51.3  2130.0+350  0.8403
Potassium (mg) 1342.7 +18.4 1181.4+11.9 < 0.0001
Vitamin A (uRE) 319.9+£11.4 331.3+£15.6 0.0143
Thiamin (mg) 0.6+£0.0 0.8+0.0 < 0.0001
Riboflavin (mg) 0.5+0.0 0.7+0.0 < 0.0001
Niacin (mg) 7.2+0.1 79+0.1 < 0.0001
Vitamin C (mg) 65.7 +2.4 40.5+1.2 < 0.0001

1) HCLF: High-carbohydrate & low-fat Diet 2) LCHF: Low-carbo-
hydrate & high-fat Diet  3) All analyses accounted for the com-
plex sampling design effect and appropriate sampling weights
of the national survey and were adjusted for age, BMI, sex, phys-
ical activity, household income and study year.

Table 3. Anthropometric and biochemical parameters of study subjects

HCLF” (n = 853) LCHF? (n = 1,084) p-value”
Waist circumference (cm)” 69.6 0.4 70.4+0.4 0.9963
Serum friglycerides (mg/dL) 912+246 87.6+1.8 < 0.0001
Serum HDL-cholesterol (mg/dL) 48.7 + 0.4 49.1+0.4 < 0.0001
Systolic blood pressure (mmHg) 108.3 +0.5 107.8 + 0.4 0.0071
Diastolic blood pressure (mmHg) 66.4+0.4 67.0+0.3 0.1636
Fasting blood glucose (mg/dL) 90.6 +0.4 90.0+0.3 0.1757

1) Mean +SE  2) HCLF: High-carbohydrate & low-fat Diet 3) LCHF: Low-carbohydrate & high-fat Diet 4) All analyses accounted
for the complex sampling design effect and appropriate sampling weights of the national survey and were adjusted for age, BMI,
sex, physical activity, household income, study year and energy intake.
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Table 4. The odd ratios of metabolic syndrome on study subjects

HCLF" LCHF” p for
(n=2853) (n=1,084) trend”
Waist circumference
> 90th percentile 1.00 0.90 (0.50—1.60)  0.7082
Serum triglycerides
> 110 mg/dL 1.00  0.96(0.72-1.27) 0.7667
Serum HDL-cholesterol
< 40 mg/dL 1.00 0.74 (0.55-1.01)  0.0550
Blood pressure
> 90th percentile 1.00 1.13(0.86—1.47) 0.3854
Fasting blood glucose
> 110 mg/dL 1.00 0.79 (0.54-1.15)  0.2125
Metabolic syndrome
> 3 components 1.00 0.94 (0.74-1.20) 0.6113

1) HCLF: High-carbohydrate & low-fat Diet 2) LCHF: Low-car-
bohydrate & high-fat Diet 3) All analyses accounted for the
complex sampling design effect and appropriate sampling
weights of the national survey and were adjusted for age, BMI,
sex, physical activity, household income, study year, and ener-
gy intake.
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