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Effects of adherence to Korean diets on serum GGT and cardiovascular disease risk
factors in patients with hypertension and diabetes™
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ABSTRACT

Purpose: This study examined whether the supply of healthy Korean diets for 12 weeks is effective in improving the risk
factors related to serum GGT and cardiovascular diseases in patients with hypertension and diabetes, Methods: This study
selected 41 patients, who were treated with hypertension and diabetes. The Korean diet was composed of cooked—rice, soup,
kimchi, and various banchan with one serving called bapsang, which emphasize proportionally high consumption of
vegetables and fermented foods, moderate to high consumption of legumes and fish, and low consumption of animal foods.
The control group was instead instructed to “eat and exercise as usual” while following the Korean Diabetes Association’s
dietary guidelines with an intake that can assist in glycemic control, maintain adequate weight, and meet the nutritional
requirements, The Korean diet group (21 patients) were served three healthy Korean meals a day for 12 weeks, and the control
group (20 patients, who trained in the diet guideline of diabetes) maintained their usual diabetic diet, The serum GGT, blood
pressure, heart rate, glycemic control data, cardiovascular risk indicators, and changes in diet measured at the four visits
(week 0, 4, 8, and 12) during the course of 12 weeks were compared and evaluated, Results: The serum GGT (p ¢ 0,001),
HbAlc (p=0,004), heart rate (p=0.007), weight (p=0,002), Body Mass Index (p=0,002), body fat mass (p { 0,001), body
fat (%) (p € 0.001), and free fatty acid (p =0.007) in the Korean diet group decreased significantly after the dietary intervention
compared to the control group. The amount of intake of rice, whole grains, green vegetables, Kimchi, and soybean fermented
food were increased significantly compared to the control group (p<0.001), The Korean diet group showed significant
decreases (p ¢ 0.001) in the intake of animal protein, lipid, and cholesterol derived from animal foods compared to the control
group but significant increases (p { 0.001) in the intake of total calories, folic acid, dietary fiber, sodium, potassium, and vitamins
A, E, and C. Conclusion: In patients with hypertension and diabetes, it was confirmed that regular eating of a healthy Korean
diet helps improve the risk factors for GGT and cardiovascular diseases,
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Table 1. General and clinical characteristics of the study subjects

Characteristics Koreo[r; Sle;] ]group Cor[wrf]rozl QQOFTUD [nTc:)tiln p-value®

Age (years) 62.3 20" 60219 618+19 0.254
Sex (M/F) 12/9 10/10 10/10 0.658°
Anthropometric measurement

Weight (kg) 68.8 +3.2 65.7 +2.0 67.3 2.6 0.419

Height (cm) 163.4 1.5 161.6 £1.8 1625 1.2 0.436

BMI (kg/m?) 259 0.9 25,6 +0.7 258 +0.8 0.642

Waist (cm) 92.8 +2.3 90.1 1.6 91.5+1.9 0.523
Blood pressure

SBP (mmHg) 127.2 £ 2.6 128.3 = 3.7 127.8 £3.2 0.802

DBP (mmHg) 712 1.2 75.6 = 3.0 73.4 = 2.1 0.177

Heart rate (bpm) 772+22 70.6 = 2.6 739 =24 0.057
Glucose metabolism

FPG (mg/dl) 118.6 £ 6.9 118.8 = 6.1 118.7 = 6.5 0.958

HbAlC (%) 6.8 0.2 6.8 0.2 6.8+0.2 0.990

Insulin (uU/mL) 7.6 +1.3 85+12 8.18 1.3 0.420

HOMA-IR 25=x06 25=0.3 25=05 0.841

HOMA-B 7.6 1.3 8512 81=13 0.740
Lipid profiles

TC (mg/dL) 165.7 =10.8 1749 =9.6 173.56 +=10.2 0.820

TG (mg/dL) 100.3 =13.3 132.1=11.2 1162 +12.3 0.602

HDL-C (mg/al) 43.8 = 2.1 39.3+1.8 41.6 £ 1.9 0.924

LDL-C (mg/al) 96.4 = 10.1 105.9 = 9.1 100.2 = 9.6 0.835
Liver enzyme

GGT (IUL) 28.8 £ 4.5 29.9 + 4.1 27.9 +4.3 0.820

ALT (IU/L) 300 4.5 25.7 = 4.1 27.9 +4.3 0.242

AST (IU/L) 27.7 2.7 26.6 2.7 27.2+2.7 0.650
Medication

Hypoglycemic 21 (100.0) 20 (100.0) 1.000

Anfihypertensive 21 (100.0) 20 (100.0) 1.000

Lipid modifying 21 (100.0) 20 (100.0) 1.000

1) Data are mean + SE values. ° Independent t test, bChi—squo1re test
BMI, body mass index; WHR, waist to hip ratio; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose;
TC, fotal cholesterol; TG, triglyceride; HDL, high density lipoprotein cholesterol; LDL,

gamma-glutamyliransferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase
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Table 4. Change of receiving medication in the korean diet group and control group

Medication Koreo[r; Sle;] ]g foup Co?r:rcil %?UD p-value?
Hypertension medication” Increase 1(4.8) 1 (5.0) 0.232
Decrease 3 (14.3) 0 (0.0)
Maintenance 17 (81.0) 19 (95.0)
Baseline (0 wk) 2.15+0.3 1.60 = 0.1
Final (12 wk) 2.08 £0.3 1.656 £ 0.2
Difference” -0.07 = 0.3 0.05 £ 0.1 0.283
Diabetes medication Increase 1(4.8) 1 (5.0) 0.051
Decrease 10 (47.6) 3 (15.0)
Maintenance 10 (47.6) 16 (80.0)
Baseline (0 wk) 4.57 £ 0.9 3.70 = 0.7
Final (12 wk) 3.64+08 357 +0.8
Difference -0.93 =0.9 -0.13 = 0.7 0.082
Hypercholesterolemia Increase 0 (0.0) 1 (5.0) 0.320
medication Decrease 8 (38.0) 4 (21.0)
Maintenance 13 (62.0) 14 (74.0)
Baseline (0 wk) 1.35+0.2 1.33 0.3
Final (12 wk) 1.08 = 0.3 1.12 0.3
Difference -0.27 = 0.2 -0.21 =0.3 0.542

1) n (%) or mean = SE
3) Difference: 12 wk-0 wk

BEE HAlou i 7 AR R Folgt Afol= EOIXI
orolct. ek, 7HA Q) GGTE AT o] A - o] 125

H L A Aol A tf 2vtol] wBl a7t 27 UrE}
U EA-oz 908t 2}o]2 Kt (p<0.001), ALT U
AST+= gHA|Fro] dizto] Hlsl Fadhe AFs Halou
Tt IF SAR SR Fo3E Aol HolA] oigl). A5t
A FEYAHE LDL Z|24H|E, Apolipoprotein
Al, Apolipoprotein B 3H2]i- Wof|A] ZAdl= 7dko|g]
o T 7F 893k 2ol ¢tk Free fatty acid= ¢
T Zrel Aol 123 F vl Al B F FAHCE
Ot Apol5 E Tt (p=0.002).

YUY, Y=Y Y FUXBZ A4S ¥

B QAT habape] 45 7HA 0 R wEste] tf wvich
T, Gt L DA EF A ROFR Ago] Wl Azt
= Table 4] Lrehfgich. TR ok Fojare 213e)
B Fellq 2 ol 2] vsjel el 127 - 3}
3 Abgro] 19, gdk Aol 34, Itk A% Abgel
elatan, 205 dfa Sl 7k Algtel 20%
F 1%, 723 AR Qlglon] TR S8 Aol 19
WO T 7k BAHOE o3k Xfolt Ho|x) ke,
Sy OFR Rolore AZA AT o] Ho| H5tel
ol 125 F Z7ke Aol 14, 7hasa Ak 10%, 1y
2 A% Aol 1090l 9aL, el A F7HeE AR

2) calculated from the chi-square test for categorical variables or independent t-test for continuous variables.
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Table 5. Mean Korean diet pattems intake of the study subjects during the 12 week infervention period

Korean diet group (n = 21)

Control group (n = 20)

1
Food groups (g/day) 0 wk 12 wk intervention 0 wk 12 wk intervention p—volue]
Steamed rice 323.4+27.0 629.1 £22.3 397.3+41.6 467.2 + 27.7 <0.001™
white rice 131.8 = 60.5 0000 198.9 = 172.7 236.7 + 185.4 <0.001™
Whole grain rice 191.6 = 97.4 629.1 £41.3 135.5 = 102.9 230.5 + 220.5 <0.001™
Sweet potato/Potato 47.6 £94.8 99.7 £ 2.1 52.6 £91.3 9511128 0.683
Guk (soup) 295.2 + 27.0 600.3 = 22.3 328.2 +41.6 317.4 +27.7 <0.001™
Fermented foods 115.4 + 69.3 188.6 + 49.8 102.4 + 65.8 133.2 + 80.9 <0.001™"
Kimchi 88.4 = 11.7 138.1 = 7.8 83.5+9.4 104.2 +10.8 0.086
Soy-based condiments 26,6 +2.5 47.9+1.5 30.6 + 4.1 28.6 + 3.0 <0.001™
Soy sauce 9.4+6.4 15.8 + 3.1 104 +12.1 11.4+68 0.003"
Deonjang 10.5 9.2 17.8 35 72+62 8.8+77 0.002”
Kochujang 46+33 9.0+ 2.7 61+59 42+28 <0.001™
Chunkookjang 2.1 +49 52+ 3.4 54+ 14.6 41 +8.7 0.016"
Vineger 04+06 2.6+1.1 05+13 05+06 <0.001"
Vegetadbles, raw or cooked 1215 £11.3 350.4 + 7.6 126.7 £ 19.6 129.0 = 10.2 <0.001™
Dried dish (oanchan, jeotgal) 72.0 + 83.2 51.5 + 8.1 21.5+31.8 471 =415 0.004™
Guiljin/Jorims  Fish 58.8 = 7.2 57.4+1.5 73.3+13.9 70.9 +9.7 0.726
Meat 51.3+7.9 14.4 +0.9 38.1 = 13.7 48.6 +9.9 <0.001™
Egg 24.0 +12.7 14.6 = 4.8 27.2 = 36.8 17.7 £ 29.1 0.854
Fruifs 169.4 = 112.0 95.7 + 6.3 127.3 = 108.7 197.4 +120.2 <0.001™
Legumes 467 5.4 67.1+1.6 472+ 8.6 31.1+47 0.003"
Whole grain 82.1 +9.1 269.6 = 3.0 78.5 = 22.7 98.8 + 20.6 <0.001™"
Dairy products 51.1 +13.9 00+00 65.7 +22.7 48,5+ 18.8 0.009”
Breads 32.6 + 58.4 00+00 59.6 +72.3 67.3+71.4 0017
Noodles 159.6 + 118.5 00+00 54.6 + 98.2 140.5 = 119.8 <0.001™"
Values are presented as mean + SE. . .
1) Derived from the linear mixed-effects model. Stafistically significant compared to the placebo group ( p <0.05, p <0.01,
0.001).
Ao SRRIEQAL, Rt ATt o] HEo) o Sof 9 298 A= AHI7F FUIst] & o IF e’ Zfolvt
AFFo] Sokslel £ 2 fOIT Aot Ssiek Ff et (000D, AT Sk YIATL WAz AL
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o] 188.6 g2 1.68] A= Z7}35}0] o 7t

7} Qi AAF (DX F/ ) &
o] HmC} Fo] Fo T 3 B4
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Table 6. Mean nutfrient intake of the study subjects during the 12 week intervention period.

Korean diet group (n = 21)

Control group (n = 20)

Nutrients 12 wk 12 wk p-value"
0wk (intervention period) 0 wk (intervention period)

Energy (kcal) 1,651.5 + 72.7 1,883.1 = 15,9 1,355.0 = 94.4 1,547.9 = 41.9 <0.001""
Carbohydrate (%) 648 +1.5 67.1 +0.2 643 +1.7 63.4+1.3 0.289
Protein (%) 16.0 0.4 15.8 + 0.1 16.4 0.7 16.6 0.2 0.137
Fat (%) 185+ 1.1 19.2 +0.1 171 +1.2 182 +0.8 0.223

Carbohydrate (g) 267.8 = 14.8 3155 2.3 182.9 + 26.3 243.1 +5.8 <0.001""

Protein (g) 65.6 + 3.1 74.3 0.9 555+ 4.3 64.1+1.8 <0.001™

Plant protein (g) 38.4+19 54.3 +0.6 32,6 +2.6 34.9 +0.9 <0.001™"

Animal protein (g) 27.2+25 20.1 0.4 229 + 3.2 29.1+15 <0.001™"

Fat (g) 33.7+25 402 +05 50.1 = 6.2 314+13 <0.001™"

Plant fat (g) 170 = 1.1 335+04 38.8+5.3 15.4 0.7 <0.001""

Animal fat (g) 16.6 + 2.1 6.7 +0.3 1M.3+1.7 160+ 1.1 <0.001™

Cholesterol (mg) 264.0 0.7 196.9 + 2.9 202.5 + 26.1 2258 +13.0 0.034"

Fiber (g) 22.4+1.3 442 +05 224 +20 223 +0.46 <0.001™"

Calcium (mg) 438.8 = 21.9 917.8 + 13.4 257.3 = 68.9 555.9 + 22.3 <0.001""

Phosphorous (Mg) 1,120.2 = 10.5 1,743.2 £ 18.3 1,102.3 £9.2 936.4 + 25.4 <0.001™

ron (mMg) 125+1.3 24,1 +0.3 12.2 0.6 12.8 0.3 <0.0017"

Sodium (mg) 3,542.12 + 120.4 5,863.3 + 103.3 3,730.0 + 135.2 4,165.3 £ 167.0 <0.001™

Potassium (mg) 2,452.0 + 33.1 4,810.7 = 57.9 2,072.0 = 33.1 2,559.9 + 63.6 <0.001""

Zinc (mg) 72+0.8 10.9 +0.1 7.4 +0.47 8.1+0.2 <0.001™

Vitamin A (ug RE) 542.2 + 26.0 1.510.7 = 25.2 4351 +23.8 738.0 = 35.4 <0.0017"

Vitamin E (mg) 175+1.9 20.6 + 0.3 11.1 0.3 109 £ 0.5 <0.001™"

Vitamin C (mg) 682+1.8 195.9 + 2.9 69.6+25 115.7 + 4.8 <0.001™

p-carotene (ug) 3,240.2 + 120.1 8,728.4 + 153.7 3,514.5 + 288.2 3,804.7 + 206.1 <0.001™

Vitamin By (mg) 1.2 0.1 2001 1.1 0.2 1.0 0.1 <0.0017"

Vitamin B, (mg) 0.9 0.1 1.5 +0.1 0.8 0.1 1.0 0.1 <0.001™"

Vitamin Bs (mng) 1.3+0.4 3.4+0.1 1.2 0.1 1.9 0.1 <0.001™

Niacin (mg) 13.8 0.2 26.3 +0.3 12.3 0.2 13.8 0.5 <0.001""

Folate (ug) 234.0 + 22.5 553.6 = 7.8 207.2 = 10.7 253.5 = 9.5 <0.0017"

Values are presented by mean = SE. .

1) Derived from the linear mixed-effects model statistically significant compared to the placebo group ( p < 0.05, p < 0.001).
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ujh} 2o AER ANE FHHOR Slo] T Ft
1883 keal Aol st Alol HFsto] hamnc)
SHE W oF 335 keal B A AL Sk g
GEAAGY S4B HF L] hxPuTt B &
0] B4 GOT, Wuks, BF2d 9 A% ol A 92
3 A E7E e ol E AR i X FA
o AN chEgY ARATE gt BEH AAES
FAA), DEY W FrgAeld B FHHoR
T ue SotE A} HERAS EARE B @
P9k o2 oSt HUE ¥ 4 9IS AOE ARY
ok e £ el wokA Agkel ek A, thE

Bl nEY U gy A7 9 418 iy
o= g HATE 12709 Ak el axele)
3 ]

(0=, 457, 85, 12795 &l 5743 8% GGT, & %
glycemic control data, AEWA FRE W Alo]AdF 9]
wske ulm Bk Amke oot 2ol

LT odEe 618+ 1L9HR SHAT (21

W)el B3 AR BAL 19 714 DA AFH A4
2 HARAT, R (G Ao] sfolSetele] upE
LSS WS A 208 B HIHH G 4

sz Z¢68i02%, 6.1+£0.2%=
6.8+0.2%, 6.5+02%= FFAE o] §H4]
3 goldog 7raxo] Aok (p=10.004).

4. 8% GCT ha|tollM A+t zhof dah & Z42f 28.8
+4.5 TU/L, 19.8+32 TULZE 48t tiza-2 Z4z)
30.0+4.1 TU/L, 33.9+£5.0 IULZE Z7}E o] 3HA|0]
2ol w8 golHon Fastact <p<0001)

5. $Ee2HE, LDL Z¥&EHE 9
ol A tztol] wisl At Aol OLP At
ZQ1 2pel 7k §i3lem free fatty acidi= SH4|stoll A o
Hot oz oz frastltt (p=0.002).

6. AAAS AERD AT (p=0.002), ALFA|
0.002), AAF=F (p<0.001), HAAY=E (p<0.001)2 A
Fhof Aof wlsf At o] 125 Fof] oA Hizt
of wsl FoH ez st

7. A RopEe] Wale £ 1k FoI3k Aol glolo
e R EE T R e o E
o B U DABE AR FES AFY - AU



uls rofs
9. FHTE FEANEN R SBY B0 (<

0.001), A& (p<0.001) & ZFEAEHE (p=0.034)2] HH
FE izl vls) foHo® 7radt v, S4 R
(p<0.001), FAF (p<0.001), 40|44 (p <0.001), JEF
(p<0.001), Z& (p<0.001), B]E}Yl A, C, E (p<0.001)
9 HIER B (p <0.001)2] AHF= frold ez S7tsielch

ojiel AE Fel B, FFHQ] MaF= e v

B B IR S Y H
& FHOR T WA HHE Ty U DB Rl

A AT W HRBAYS AP BR GGT, ot
A AE L EgAE o] FAA G

>

9.

By

ORCID

Z4=Z1: https://orcid.org/0000-0003-1103-7477
4=k https://orcid.org/0000-0003-3660-8272

References

1. Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ,
Mayer-Davis EJ, Neumiller JJ, Nwankwo R, Verdi CL,
Urbanski P, Yancy WS Jr; American Diabetes Association.
Nutrition therapy recommendations for the management of
adults with diabetes. Diabetes Care 2013; 36(11): 3821-3842.

2. Yu SY, Hong HS, Lee HS, Choi YJ, Huh KB, Kim WY. The
association of insulin resistance with cardiovascular disease risk
and dietary factors in Korean type 2 DM patients. Korean J
Nutr 2007; 40(1): 31-40.

3. Perry 1J, Wannamethee SG, Shaper AG. Prospective study of
serum gamma-glutamyltransferase and risk of NIDDM. Diabetes
Care 1998; 21(5): 732-737.

4. Lee DH, Blomhoff R, Jacobs DR Jr. Is serum gamma
glutamyltransferase a marker of oxidative stress? Free Radic
Res 2004; 38(6): 535-539.

5. Lee DH, Ha MH, Kim JR, Gross M, Jacobs DR Jr.
Gamma-glutamyltransferase, alcohol, and blood pressure. A
four year follow-up study. Ann Epidemiol 2002; 12(2): 90-96.

6. Turgut O, Yilmaz A, Yalta K, Karadas F, Birhan Yilmaz M.
Gamma-glutamyltransferase is a promising biomarker for
cardiovascular risk. Med Hypotheses 2006; 67(5): 1060-1064.

7. Lee DH, Jacobs DR, Gross M. Gamma-glutamyltransferase is
a predictor of incident diabetes and hypertension: the Coronary
Artery Risk Development in Young Adults (CARDIA) Study.
Clin Chem 2003; 49: 1358-1366.

8. Lim JS, Kim YJ, Chun BY, Yang JH, Lee DH, Kam S. The
association between serum GGT level within normal range and
risk factors of cardiovascular diseases. J Prev Med Public
Health 2005; 38(1): 101-106.

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Kunutsor SK, Abbasi A, Adler Al. Gamma-glutamyl transferase

and risk of type II diabetes: an updated systematic review and
dose-response meta-analysis. Ann Epidemiol 2014; 24(11):
809-816.

Du G, Song Z, Zhang Q. Gamma-glutamyltransferase is
associated with cardiovascular and all-cause mortality: a
meta-analysis of prospective cohort studies. Prev Med 2013;
57(1): 31-37.

Kunutsor SK, Apekey TA, Cheung BM. Gamma-glutamyltrans-
ferase and risk of hypertension: a systematic review and dose-
response meta-analysis of prospective evidence. J Hypertens
2015; 33(12): 2373-2381.

. Alissa EM. Relationship between serum gamma-glutamyltrans-

ferase activity and cardiometabolic risk factors in metabolic
syndrome. J Family Med Prim Care 2018; 7(2): 430-434.
Lee DH, Silventoinen K, Jacobs DR Jr, Jousilahti P, Tuomileto
J. Gamma-glutamyltransferase, obesity, and the risk of type 2
diabetes: observational cohort study among 20,158 middle-aged
men and women. J Clin Endocrinol Metab 2004; 89(11):
5410-5414.

Lim JS, Lee DH, Park JY, Jin SH, Jacobs DR Jr. A strong
interaction between serum gamma-glutamyltransferase and
obesity on the risk of prevalent type 2 diabetes: results from
the Third National Health and Nutrition Examination Survey.
Clin Chem 2007; 53(6): 1092-1098.

. Lee DH, Steffen LM, Jacobs DR Jr. Association between serum

gamma-glutamyltransferase and dietary factors: the Coronary
Artery Risk Development in Young Adults (CARDIA) Study.
Am J Clin Nutr 2004; 79(4): 600-605.

Lee DH, Lind PM, Jacobs DR Jr, Salihovic S, van Bavel B,
Lind L. Background exposure to persistent organic pollutants
predicts stroke in the elderly. Environ Int 2012; 47: 115-120.
Lee DH, Porta M, Jacobs DR Jr, Vandenberg LN. Chlorinated
persistent organic pollutants, obesity, and type 2 diabetes.
Endocr Rev 2014; 35(4): 557-601.

Kelly BC, Ikonomou MG, Blair JD, Morin AE, Gobas FA.
Food web-specific biomagnification of persistent organic
pollutants. Science 2007; 317(5835): 236-239.

Montonen J, Boeing H, Fritsche A, Schleicher E, Joost HG,
Schulze MB, Steffen A, Pischon T. Consumption of red meat
and whole-grain bread in relation to biomarkers of obesity,
inflammation, glucose metabolism and oxidative stress. Eur J
Nutr 2013; 52(1): 337-345.

Kim SH, Kim MS, Lee MS, Park YS, Lee HJ, Kang S, Lee
HS, Lee KE, Yang HJ, Kim MJ, Lee YE, Kwon DY. Korean
diet: characteristics and historical background. J Ethn Foods
2016; 3(1): 26-31.

Lee KW, Cho MS. The development and validation of the
Korean Dietary Pattern Score (KDPS). Korean J Food Cult
2010; 25(6): 652-660.

Lee SK, Sobal J. Socio-economic, dietary, activity, nutrition
and body weight transitions in South Korea. Public Health Nutr
2003; 6(7): 665-674.

Kim S, Moon S, Popkin BM. The nutrition transition in South
Korea. Am J Clin Nutr 2000; 71(1): 44-53.

Ministry of Health and Welfare, The Korean Nutrition Society.
Dietary reference intakes for Koreans 2015. Sejong; 2015.



25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

3s.

36.

Journal of Nutrition and Health (J Nutr Health) 2018; 51(5): 386 ~ 399 / 399

Lee MJ, Popkin BM, Kim S. The unique aspects of the nutrition
transition in South Korea: the retention of healthful elements
in their traditional diet. Public Health Nutr 2002; 5(1A):
197-203.

Korean Diabetes Association. 2011 treatment guideline for
diabetes. Seoul: Korean Diabetes Association; 2011.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;
18(6): 499-502.

Lee YM, Kim SA, Lee IK, Kim JG, Park KG, Jeong JY, Jeon
JH, Shin JY, Lee DH. Effect of a brown rice based vegan diet
and conventional diabetic diet on glycemic control of patients
with type 2 diabetes: a 12-week randomized clinical trial. PLoS
One 2016; 11(6): e0155918.

Yokoyama Y, Barnard ND, Levin SM, Watanabe M. Vegetarian
diets and glycemic control in diabetes: a systematic review and
meta-analysis. Cardiovasc Diagn Ther 2014; 4(5): 373-382.
de Munter JS, Hu FB, Spiegelman D, Franz M, van Dam RM.
Whole grain, bran, and germ intake and risk of type 2 diabetes:
a prospective cohort study and systematic review. PLoS Med
2007; 4(8): e261.

Jenkins DJ, Wolever TM, Taylor RH, Barker HM, Fielden H,
Gassull MA. Lack of effect of refining on the glycemic
response to cereals. Diabetes Care 1981; 4(5): 509-513.
Schulze MB, Schulz M, Heidemann C, Schienkiewitz A,
Hoffmann K, Boeing H. Fiber and magnesium intake and
incidence of type 2 diabetes: a prospective study and meta-
analysis. Arch Intern Med 2007; 167(9): 956-965.
McKeown NM, Meigs JB, Liu S, Wilson PW, Jacques PF.
Whole-grain intake is favorably associated with metabolic risk
factors for type 2 diabetes and cardiovascular disease in the
Framingham Offspring Study. Am J Clin Nutr 2002; 76(2):
390-398.

Sahyoun NR, Jacques PF, Zhang XL, Juan W, McKeown NM.
Whole-grain intake is inversely associated with the metabolic
syndrome and mortality in older adults. Am J Clin Nutr 2006;
83(1): 124-131.

Fung TT, van Dam RM, Hankinson SE, Stampfer M, Willett
WC, Hu FB. Low-carbohydrate diets and all-cause and cause-
specific mortality: two cohort studies. Ann Intern Med 2010;
153(5): 289-298.

Chandalia M, Garg A, Lutjohann D, von Bergmann K, Grundy
SM, Brinkley LJ. Beneficial effects of high dietary fiber intake
in patients with type 2 diabetes mellitus. N Engl J Med 2000;

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

342(19): 1392-1398.

Hu FB, Willett WC. Optimal diets for prevention of coronary
heart disease. JAMA 2002; 288(20): 2569-2578.

Kwon JY, Chung HY. Study on the correlation between the
nutrient intakes and clinical indices of Type 2 diabetes patients.
Korean J Food Nutr 2013; 26(4): 909-918.

Thamer C, Tschritter O, Haap M, Shirkavand F, Machann J,
Fritsche A, Schick F, Héring H, Stumvoll M. Elevated serum
GGT concentrations predict reduced insulin sensitivity and
increased intrahepatic lipids. Horm Metab Res 2005; 37(4):
246-251.

Nakajima T, Ohta S, Fujita H, Murayama N, Sato A.
Carbohydrate-related regulation of the ethanol-induced increase
in serum gamma-glutamyl transpeptidase activity in adult men.
Am J Clin Nutr 1994; 60(1): 87-92.

Lakka TA, Nyyssonen K, Salonen JT. Higher levels of
conditioning leisure time physical activity are associated with
reduced levels of stored iron in Finnish men. Am J Epidemiol
1994; 140(2): 148-160.

Meneghini R. Iron homeostasis, oxidative stress, and DNA
damage. Free Radic Biol Med 1997; 23(5): 783-792.

Cha YS, Yang JA, Back HI, Kim SR, Kim MG, Jung SJ, Song
WO, Chae SW. Visceral fat and body weight are reduced in
overweight adults by the supplementation of Doenjang, a
fermented soybean paste. Nutr Res Pract 2012; 6(6): 520-526.
Kim EK, An SY, Lee MS, Kim TH, Lee HK, Hwang WS,
Choe SJ, Kim TY, Han SJ, Kim HJ, Kim DJ, Lee KW.
Fermented kimchi reduces body weight and improves metabolic
parameters in overweight and obese patients. Nutr Res 2011;
31(6): 436-443.

Cha YS, Kim SR, Yang JA, Back HI, Kim MG, Jung SJ, Song
WO, Chae SW. Kochujang, fermented soybean-based red pepper
paste, decreases visceral fat and improves blood lipid profiles
in overweight adults. Nutr Metab (Lond) 2013; 10(1): 24.
Tolhurst G, Heffron H, Lam YS, Parker HE, Habib AM,
Diakogiannaki E, Cameron J, Grosse J, Reimann F, Gribble
FM. Short-chain fatty acids stimulate glucagon-like peptide-1
secretion via the G-protein-coupled receptor FFAR2. Diabetes
2012; 61(2): 364-371.

Kimura I, Ozawa K, Inoue D, Imamura T, Kimura K, Maeda
T, Terasawa K, Kashihara D, Hirano K, Tani T, Takahashi T,
Miyauchi S, Shioi G, Inoue H, Tsujimoto G. The gut microbiota
suppresses insulin-mediated fat accumulation via the short-
chain fatty acid receptor GPR43. Nat Commun 2013; 4: 1829.





