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ABSTRACT

Purpose: Dietary fiber is a component of carbohydrate that is linked closely with the carbohydrate quality, but few studies
have investigated the association of high fiber intake with the cardiometabolic risk factors in Koreans. This study examined
the association of high fiber and high carbohydrate intake with the cardiometabolic risk factors among Korean adults,
Methods: This study included 15,095 adults aged = 20 years, who participated in the 2013 ~ 2017 KNHANES, The dietary
intake was obtained using a 24—h dietary recall method, The associations of high fiber and high carbohydrate intake with
metabolic syndrome and dyslipidemia were examined by sex using multiple logistic regression analysis, Results: The median
of dietary fiber was 23.6 g/day in men and 20.0 g/day in women, Dietary fiber intake increased gradually as dietary
carbohydrate groups increased except for = 80% of energy from the carbohydrate group. Women in the highest quintile of
fiber intake showed a 33% lower risk of metabolic syndrome compared with those in the third quintile, When stratified into
low fiber (LF) and high fiber (HF) groups using Adequate Intake of fiber for Koreans, men in the third quartile of carbohydrate
intake showed a 44% and 51% higher risk of metabolic syndrome and atherogenic dyslipidemia than in the first quartile,
respectively, but only in the LF group. Women in the second quartile of carbohydrate intake showed an 83% higher risk of
hypercholesterolemia than in the first quartile in the LF group. On the other hand, as no significant association was observed
between the carbohydrate intake and metabolic diseases among the HF groups in both sexes. Conclusion: These findings
suggest that a high fiber intake might be associated with a reduced risk of metabolic syndrome and high carbohydrate intake
with a low dietary fiber intake might be associated with an increased risk of several metabolic abnormalities among Korean
adults, Further prospective studies will be needed to confirm the effects of high fiber and high carbohydrate intake on the
cardiometabolic risk factors among Koreans.
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Table 1. General characteristics of study participants by sex

s 212 2ol7}k Ugieh (p<
0.0001). AF G wAS] AZSH: ugo] A 84.7%
oA} 86.4%0]90 0], o] wet A% 59 Hae|HE
F21H Afol7} AT (p=0.0020). LATEFA] )&
& WA 193%, of4 6.0%0] 913, 4o utek 25 44
SEo] Bl 202 Holrt 91eiek (p<0.0001). &
A FARe] Bl A 40.5%, o12F 5.7%0] 9131 4ol

Total

Men Women

(n = 15,095) (n = 6,284) (n=8811) P value®
Age, n (%) 0.0026
20~ 29 yr 2,239 (22.1) 980 (23.1) 1,259 (21.1)
30~ 49 yr 6,994 (48.4) 2,713 (48.2) 4,281 (48.5)
50 ~ 64 yr 3,866 (22.1) 1,555 (21.0) 2,311 (23.2)
>65 yr 1,996 (7.5) 1,036 (7.7) 960 (7.2)
Education, n (%)" < 0.0001
Elementary or less 1,810 (8.3) 648 (6.5) 1,162 (10.1)
Middle school 1.171 (7.0) 491 (6.4) 680 (7.5)
High school 4,996 (38.5) 2,062 (39.6) 2,934 (37.4)
College or more 6,048 (46.2) 2,561 (47.5) 3,487 (45.0)
Household income, n (%) 0.2232
Quartile 1 (lowest) 1,924 (10.4) 806 (10.0) 1,118 (10.9)
Quartile 2 3,652 (23.6) 1,525 (23.4) 2,127 (23.8)
Quartile 3 4,563 (31.5) 1,915 (32.1) 2,648 (31.0)
Quartile 4 (highest) 4,897 (34.4) 2,013 (34.5) 2,884 (34.3)
Residence, n (%) 0.0020
Uroan 12,443 (85.5) 5,101 (84.7) 7,342 (86.4)
Rural 2,652 (14.5) 1,183 (15.3) 1,469 (13.6)
Alcohol consumption, n (%) < 0.0001
None 6,182 (37.4) 1,652 (25.3) 4,530 (49.8)
Moderate 6,805 (49.9) 3,266 (55.4) 3,539 (44.2)
High 1,581 (12.7) 1,103 (19.3) 478 (6.0)
Smoking, n (%) < 0.0001
Never 9,436 (59.9) 1,698 (31.1) 7,738 (89.6)
Former 2,380 (16.7) 2,006 (28.4) 374 (4.6)
Current 2,743 (23.4) 2,312 (40.5) 431 (5.7)
Physical activity™ <0.0001
No 7,266 (48.3) 2,772 (44.5) 4,494 (52.0)
Yes 6,735 (51.7) 2,978 (55.5) 3,757 (48.0)

1) The numbers of missing values were respectively 522 (men, education level), 25 (men, household income), 263 men, alcohal
consumption), 268 (men, smoking), 534 (men, physical activity), 548 (women, education level), 34 (women, household income), 264
(women, alcohol consumption), 268 (women, smoking), and 560 (women, physical activity)

2) Alcohol consumption: "none", no consumption of any type of alcoholic beverage, "moderate", no more than 2 drinks per day for men
and 1 dink per day for women, "high", more than 2 drinks per day for men and 1 drink per day for women

3) Smoking: "never', never smoked cigarettes or smoked < 100 cigarettes in lifetime, "former", smoked > 100 cigarettes in lifetime but
curent non-smoker, "current’, smoked > 100 cigarettes in lifetime and current smoker

4) Physical activity: "yes", performed vigorous-intensity activities for atf least 75 min, or moderate-intensity activities for af least 150 min,
or an equivalent combination of moderate- and vigorous-intensity activity during a typical week

5) p-values were obtained from chi-square tests for categorical variables.
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Fig. 1. Distribution of dietary fiber intake (A) and dietary fiber intake according to dietary carbohydrate (B). All models were adjusted for
age, body mass index, education, house income, physical activity, smoking, alcohol consumption, energy intake, and appropriate
sampling weight was applied for the complex sampling design. p for trend were obtained from linear regression analysis.
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(@) Men (o) Women
*odds ratio (95% Cl)
1.52 (1.13-2.04) 1.9
- p for trend = 0.0045 p for trend = 0.1998
Q2
% o 1.52 5 1.4
% Anidh 3 'o%d%a(gos(zgy;g) *odds ratio (95% CI)
3 3 W10 0.67(0.49-0.92)
3 M 1.00 0.96 0.9 ' '
O ) ke 0.79 0.80
0.70 0.67
0.4 0.4
o1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5
Quintile of dietary fiber Quintile of dietary fiber
Mean 10.8 18.0 237 30.7 472 9.0 151 201 26.7 429
Range 0.2-150 15.0-20.8 20.8-26.8 26.8-353 35.3-169.0 0.5-125 12.5-176 17.6-229 229-310 31.0-169.3

Fig. 2. The odds ratio and 95% confidence intervals of metabolic syndromme according to the quintile of dietary fiber intake by sex. All
models were adjusted for age, body mass index, education, house income, physical activity, smoking, alcohol consumption, energy
intake, and appropriate sampling weight was applied for the complex sampling design. Odds ratios were obtained from multiple logistic
regression model adjusted for age, body mass index, education, household income, physical activity, smoking, alcohol consumption,
energy infake. p for trend were obtained from the same model as estimation of ORs by using the median dietary fiber intake of each
quintile as the independent variable.

Table 2. Energy and macronutrient intakes according to quartile of dietary carbohydrate intake by sex in low or high fiber group”2]

Quartile of dietary carbohydrate intfake (% of energy) "
Men p for tfrend
Ql Q2 QA3 Q4

Low fiber group (< 25.0 g/day) (n = 3,420)

Energy (kcal) 1,988.9 +30.1 1,831.3=27.1 1,684.1 +26.7 1,610.4 +30.6 < 0.0001
Energy / EER (%)? 98.4+ 1.5 870+ 1.3 80.9 + 1.3 749 +1.4 < 0.0001
Carbohydrate (g) 202.3 +2.7 277.7 +2.3 305.7 + 2.8 3435 = 3.2 < 0.0001
Fiber (g) 15,0 +0.2 16,6 +0.2 169 +0.2 16.3 0.2 < 0.0001
Fiber (g/kcal) 8.1+0.1 8.8+0.1 9.0+0.1 9.0=02 < 0.0001
Protein (g) 868 1.3 70.5 + 0.9 62.1 0.9 55.2 +0.8 < 0.0001
Fat (g) 67.5+0.9 47.3 +0.6 35.3 = 0.6 24.8 + 0.6 < 0.0001
% Energy from

Carbohydrate 48.9 = 0.3 61.4+02 68.8 = 0.2 77.5+0.2 < 0.0001
Protein 19.1 +0.3 157 +0.2 13.9+0.2 11.8 =02 < 0.0001
Fat 320+0.3 229 +0.2 17.3+0.2 10.7 £0.2 < 0.0001

High fiber group (>25.0 g/day) (n = 2,864)

Energy (kcal) 2,8108 =368 2,575.8+37.6 2517.4+354 2,400.3 + 34.6 < 0.0001
Energy / EER (%)? 135.7 + 1.7 1201 1.7 141 +1.7 109.1 + 1.6 < 0.0001
Carbohydrate (g) 293.2 + 3.8 393.0 + 2.8 446.6 + 2.5 488.0 = 3.5 < 0.0001
Fiber (g) 343 <07 36.7 +0.6 37.3+05 38.5+0.6 < 0.0001
Fiber (g/keal) 13.7 +0.2 143 +0.2 14.4+0.2 150 £0.2 < 0.0001
Protein (g) 119.7 1.7 106.1 1.3 95.5 = 1.1 82,9+ 1.0 < 0.0001
Fat (g) 93.0+ 1.3 64.1 +0.8 51.5+0.7 36.2+0.8 < 0.0001
% Energy from

Carbohydrate 50.1 = 0.3 61.4 +0.1 68.2 = 0.1 76.1 £0.2 < 0.0001

Protein 18.7 +0.2 16,6 +0.2 14.7 +0.2 12,6 £0.1 < 0.0001

Fat 312+03 21.9+0.2 17.2+0.2 11.3+02 < 0.0001

1) All values are adjusted mean = standard error affer adjusting for age, body mass index, education, household income, physical activity,
smoking, alcohol consumption and total energy infake.

2) The complex sampling design parameters of the Korea National Health and Nutrition Examination Survey were used.

3) EER, Estimated energy requirement

4) p for frend values were calculated using a general linear regression.
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Table 2. Energy and macronutrient intakes according to quartile of dietary carbohydrate infake by sex in low or high fiber group

12)

(continued)
Quartile of dietary carbohydrate intake (% of energy) 4
Women p for frend
Ql Q2 Q3 Q4
Low fiber group (< 20.0 g/day) (n = 4,414)
Energy (kcal) 1,609.4 = 26.6 1,356.0 = 25.2 1,279.7 £ 25.0 1,237.0 £ 24.8 < 0.0001
Energy / EER (%)Y 88.0+1.5 77.6 £ 1.4 737 £1.4 71014 < 0.0001
Carbohydrate (Q) 149.8 =22 204.6 = 1.7 228.6 = 2.1 256.1 £2.3 < 0.0001
Fiber (Q) 11.2+0.2 122 £0.2 12.5 £0.2 12.7 £0.2 < 0.0001
Fiber (g/kcal) 85+02 9.0+02 9.3+0.2 9.6 £0.2 < 0.0001
Protein (Q) 61.9+10 50.5+0.8 45.3 = 0.9 38.5+0.9 < 0.0001
Fat (Q) 51.3 =0.7 35.7 £0.6 265 £0.6 17.3 =£0.7 < 0.0001
% Energy from
Carbohydrate 48.7 £ 0.3 61.2+0.2 68.7 £0.2 78.1 0.2 < 0.0001
Protein 18.5+0.3 16,3 £0.2 13.7 £0.2 11.3£0.2 < 0.0001
Fat 32.8 0.3 23.5+02 17.6 £0.3 105 0.3 < 0.0001
High fiber group (>20.0 g/day) (n = 4,397)
Energy (kcal) 2,175.8 = 39.0 1,997.2 = 37.1 1,914.0 = 35.5 1,894.5 +40.4 < 0.0001
Energy / EER (%)Y 124.1 = 2.1 113.0 £ 2.0 107.6 £ 1.9 106.1 + 2.2 < 0.0001
Carbohydrate (g) 238.6 £ 2.7 309.1 £2.4 346.5 =25 389.0 = 3.0 < 0.0001
Fiber (Q) 28.7 £0.6 31.1 0.6 32.6 £0.6 329 +0.8 < 0.0001
Fiber (g/kcal) 1563 £0.3 159 £0.3 16.7 £0.3 171 £0.4 < 0.0001
Protein (Q) 90.0=+1.3 77.0+1.0 69.1 1.0 57.7 1.0 < 0.0001
Fat (9) 705 +=1.0 48.3 +0.8 36.2+0.8 235+1.0 < 0.0001
% Energy from
Carbohydrate 51.56+0.3 62.7 £0.2 700 =0.2 785 +0.2 < 0.0001
Protein 18.2+0.2 16.7 £0.2 14.0 £0.2 11.6 £0.2 < 0.0001
Fat 30.3 0.3 21.6 0.3 16.0 £ 0.2 9.9+0.3 < 0.0001

1) All values are adjusted mean = standard error affer adjusting for age, body mass index, education, household income, physical activity,

smoking, alcohol consumption and total energy infake.

2) The complex sampling design parameters of the Korea National Health and Nutrition Examination Survey were used.

3) EER, Estimated energy requirement

4) p for frend values were calculated using a general linear regression.
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Table 3. Multivariate odds ratios for metabolic disease according fo quartile of dietary carbohydrate infoke among men in low or high

12)

fiber group
Quartile of dietary carbohydrate intake (% of energy) "
Men p for trend
Ql Q2 Q3 Q4
Low fiber group (< 25.0 g/day) (n = 3,420)

Metabolic syndrome 1.00 1.21 (0.86~1.71) 1.44 (1.01 ~2.04) 1.24 (0.81 ~1.89) 0.1630
Increased waist circumference (=90 cm) 1.00 0.82 (0.63~1.07) 0.90 (0.70~1.15) 0.72 (0.53 ~ 0.98) 0.0589
Elevated blood pressure 1.00 1.07 (0.82~1.40) 1.05 (0.82~1.36) 1.09 (0.81 ~1.48) 0.5777

(SBP >130 mmHg or DBP >85 mmHg)
Reduced HDL-cholesterol (< 40 mg/dl) 1.00 1.10 (0.81 ~1.50) 1.28 (0.92~1.79) 1.09 (0.76 ~ 1.54) 0.4237
Elevated triglycerides (> 150 mg/dl) 1.00 1.06 (0.84~1.32) 1.14 (0.89 ~1.46) 0.86 (0.64 ~1.15) 0.6387
Elevafed fasting glucose (=100 mg/dl) 1.00 1.16 (0.88 ~1.52) 1.06 (0.81 ~1.39) 1.25 (0.92~1.72) 0.2346

Hypercholesterolemia (=240 mg/dl) 1.00 1.04 (0.69 ~1.56) 1.10 (0.72 ~1.66) 1.10 (0.66 ~ 1.83) 0.6528

Hypertriglycerides (>200 mg/dl) 1.00 1.24 (0.93~1.64) 1.15 (0.85~1.56) 0.94 (0.65 ~ 1.35) 0.9383

Atherogenic dyslipidermia® 1.00 1.13 (0.79 ~1.62) 1.51 (1.02~2.24) 1.00 (0.64 ~1.57) 0.4613

High fiber group (>25.0 g/day) (n = 2,864)

Metabolic syndrome 1.00 0.98 (0.67 ~1.44) 1.21 (0.84~1.75) 1.24 (0.82 ~1.89) 0.2146
Increased waist circumference (=90 cm) 1.00 0.89 (0.68 ~1.18) 0.85 (0.65~1.12) 0.74 (0.54 ~1.01) 0.0574
Elevated blood pressure 1.00 0.85 (0.65~1.11) 1.02 (0.76 ~1.35) 1.05 (0.78 ~ 1.42) 0.6230

(SBP >130 mmHg or DBP >85 mmHg)
Reduced HDL-cholesterol (< 40 mg/dl) 1.00 0.82 (0.57~1.19) 1.01 (0.70~1.45) 1.04 (0.70 ~ 1.53) 0.7343
Elevated triglycerides (> 150 mg/dl) 1.00 1.05 (0.81 ~1.36) 1.32 (1.00 ~1.75) 1.34 (0.99 ~1.82) 0.0278
Elevated fasting glucose (> 100 mg/dl) 1.00 1.05 (0.79 ~1.38) 1.24 (0.95~1.62) 0.99 (0.72 ~1.35) 0.7092

Hypercholesterolemia (=240 mg/dl) 1.00 0.98 (0.65~1.48) 1.15 (0.75~1.76) 1.28 (0.80 ~ 2.05) 0.2714

Hypertriglycerides (>200 mg/dl) 1.00 1.10 (0.81 ~1.49) 1.07 (0.77 ~1.50) 1.22 (0.85 ~ 1.75) 0.3400

Atherogenic dyslipidemia® 1.00 0.89 (0.59 ~1.34) 0.90 (0.58 ~1.39) 1.18 (0.75~1.85) 0.6135

1) The complex sampling design parameters of the Korea National Health and Nutrition Examination Survey were used.

2) Adjusted for age, body mass index (except the model of waist circumference), education, household income, physical activity,

smoking, alcohol consumption and fotal energy intake.

3) Atherogenic dyslipidemia comprises reduced HDL-C and increased friglycerides.
4) p for frend values were calculated using a general linear regression.

Table 4. Multivariate odds ratios for metabolic disease according to quartile of dietary carbohydrate intoke among women in low or high

12)

fiber group
Quartile of dietary carbohydrate intake (% of energy) 4
Women p for trend
Ql Q2 Q3 Q4
Low fiber group (< 20.0 g/day) (n = 4,414)

Metabolic syndrome 1.00 1.22 (0.78 ~1.91) 1.29 (0.84 ~1.98) 1.46 (0.95~ 2.23) 0.0785
Increased waist circumference (=85 cm) 1.00 1.06 (0.80~1.41) 1.15 (0.87 ~1.62) 0.94 (0.69 ~ 1.28) 0.8945
EITgsgeg12|gog£L§Sg[eDBp 85 mmig) 1.00  1.20 (0.86~1.67) 1.23 (0.89~1.70) 1.41 (1.00~198 00520
Reduced HDL-cholesterol (< 50 mg/dl) 1.00 0.89 (0.70~1.15) 1.16 (0.90 ~1.49) 1.18 (0.90 ~ 1.5¢) 0.1274
Elevated ftriglycerides (> 150 mg/dl) 1.00 095 (0.69~1.30) 1.16 (0.86~1.56) 1.04 (0.74 ~1.46) 0.5839
Elevated fasting glucose (=100 mg/dl) 1.00 1.20 (0.90~1.60) 1.11 (0.82~1.51) 1.09 (0.80 ~ 1.49) 0.6483

Hypercholesterolemia (> 240 mg/dl) 1.00  1.83 (1.22~2.76) 1.45 (0.97 ~2.17) 1.30 (0.82 ~ 2.07) 0.4499

Hypertriglycerides (>200 mg/dl) 1.00 0.83 (0.52~1.32) 0.86 (0.56 ~1.32) 0.75 (0.47 ~1.21) 0.2677

Atherogenic dyslipidernia® 1.00 096 (0.63~1.48) 1.41 (0.94~2.10) 1.33 (0.87 ~2.03) 0.0856

1) The complex sampling design parameters of the Korea National Health and Nutrition Examination Survey were used.

2) Adjusted for age, body mass index (except the model of waist circumference), education, household income, physical activity,

smoking, alcohol consumption and fotal energy intake.

3) Atherogenic dyslipidemia comprises reduced HDL-C and increased friglycerides.
4) p for frend values were calculated using a general linear regression.
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Table 4. Multivariate odds ratios for metabolic disease according to quartile of dietary carbohydrate infake among women in low or high

fiber group™ (continued)

Quartile of dietary carbohydrate intake (% of energy)

Women p for trend?
Ql Q2 Q3 Q4
High fiber group (>20.0 g/day) (n = 4,397)

Metabolic syndrome 1.00 1.41 (091 ~2.18) 1.27 (0.82~1.97) 1.33 (0.85~ 2.08) 0.3111
Increased waist circumference (=85 cm) 1.00 0.97 (0.73~1.29) 0.76 (0.57 ~1.00) 1.17 (0.88 ~1.55) 0.6167
Elevated blood pressure

(SBP > 130 mrr'?Hg or DBP >85 rmmHg) 1.00 0.94 (0.70~1.28) 0.81 (0.59 ~1.10) 0.87 (0.64 ~1.20) 0.3050
Reduced HDL-cholesterol (< 50 mg/di) 1.00 0.80 (0.63~1.02) 1.11 (0.87 ~1.42) 1.03 (0.79 ~ 1.33) 0.4216
Elevated friglycerides (> 150 mg/dl) 1.00 1.08 (0.79 ~1.46) 0.95 (0.70~1.30) 0.93 (0.68 ~ 1.28) 0.5441
Elevated fasting glucose (=100 mg/dl) 1.00 0.84 (0.63~1.12) 0.90 (0.68 ~1.20) 0.93 (0.69 ~ 1.25) 0.6972

Hypercholesterolemia (=240 mg/dl) 1.00 0.94 (0.65~1.36) 0.99 (0.70~1.41) 1.07 (0.73 ~ 1.59) 0.6677

Hypertriglycerides (> 200 mg/dl) 1.00  0.90 (0.58 ~1.38) 0.98 (0.63 ~1.53) 1.00 (0.64 ~ 1.57) 0.9105

Atherogenic dyslipidemia® 1.00 0.87 (0.59 ~1.29) 1.01 (0.70~1.45) 0.90 (0.60 ~ 1.34) 0.7636

1) The complex sampling design parameters of the Korea National Health and Nufrition Examination Survey were used.
2) Adjusted for age, body mass index (except the model of waist circumference), education, household income, physical activity,

smoking, alcohol consumption and fotal energy intake.

3) Atherogenic dyslipidemia comprises reduced HDL-C and increased friglycerides.
4) p for frend values were calculated using a generadl linear regression.
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