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ABSTRACT The prevalence of metabolic syndrome, hypertension, and diabetes has been increasing rapidly in Korea. The rate

of increase has paralleled the replacement of Korean traditional diets (KTD), which emphasize vegetables and fermented foods,

with western style dietary patterns that are rich in animal foods and saturated fat. We aimed to investigate the efficacy of the KTD

in controlling fasting plasma glucose, blood pressure, and cardiovascular disease risk factors in hypertensive and type 2 diabetic

(T2D) patients. Forty-one patients (61.8 – 1.5 years) who were taking medications prescribed for respective diseases were recruited

from the Chonbuk National University Hospital for participation in a 12-week, parallel, controlled clinical trial. The control group

(n = 20) was advised to ‘‘eat as usual,’’ whereas the experimental KTD diet group (n = 21) was fed the KTD three times a day for

12 weeks. At the end of the trial, both groups had lower body mass index, % body fat, and waist–hip ratio compared to the

baseline values (P < .05). Compared to the control group, the KTD group had a greater mean change (P < .05) from the baseline for

glycated hemoglobin (HbA1c) ( - 0.72% vs. - 0.25%) and heart rate ( - 7.1 vs. + 1.6). Regular consumption of the KTD for 12

weeks by hypertensive and T2D patients resulted in favorable changes in cardiovascular risk factors.
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INTRODUCTION

The prevalence of metabolic syndrome (MS) has been
increasing around the world. MS is associated with in-

creased risk of developing coronary heart disease, overall
mortality, and cardiovascular mortality.1–3 In South Korea,
the prevalence of MS has increased significantly from 24.9%
in 1998 to 31.3% in 2007.4,5 These increases in MS have
been attributed to changes in socio-environmental and life-
style factors, as Korean’s dietary and disease patterns have
been changing along with its accelerated socioeconomic
development that began in the 1970s. Since that time, major
dietary changes have decreased the intake of plant foods and
grain groups and increased the intake of animal foods.6,7 The
main cause of death in Korea before 1970s was pneumonia.7

Consumption rate of animal foods in Korea increased sig-
nificantly in mid-1970s, replacing plant foods that were rich

in traditional Korean diets.6 Although increased energy
consumption may be partially responsible for the increas-
ing incidence of metabolic diseases, it is also possible that
the qualitative changes in dietary choices might have re-
sulted in the increase in cardiovascular diseases (CVDs)
and MS. Westernization of Korean dietary habits are also
believed to be culpable in the increasing prevalence of
CVD and disease patterns in Korea.4,5,7 The upward trends
in the incidence of chronic diseases in Korea8 have un-
derscored the importance of managing MS as a means of
preventing CVDs.9,10

Lifestyle modification is generally recognized as a key
intervention in MS due to its complex treatment strategies.2

Modification of dietary patterns has generally been accepted
as a cornerstone of treating people with type 2 diabetes
(T2D) and hypertension, as appropriate energy intake im-
proves glycemic control and risk complications.8,11 The
Korean traditional diet (KTD) is generally characterized by
a variety of fermented soybean products and vegetable-
based foods, which are rich in bioactive compounds that
promote cardiovascular health and glycemic control.12

The management of diabetes mellitus,10,13,14 cardio-
vascular events,10,12,13,15–25 hypertension,17,21 MS,12,18 and
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obesity19,20 has been shown to be improved by adherence to
healthy diets. In previous retrospective studies, the Korean
diet eating pattern was associated with a lower risk of T2D,5

hypertension,17 obesity,19,20,25 and MS.12,20,22,24,25 However,
these studies were carried out by observational epidemio-
logical study design. No prospective or intervention studies
that can substantiate the association as a cause-and-effect
relationship have been reported in patients with hyperten-
sion and T2D. The objective of the present 12-week inter-
vention-prescribed diet study was to investigate the efficacy
of the KTD in controlling fasting plasma glucose (FPG),
blood pressure, and cardiovascular risk factors in hyper-
tensive and T2D patients who were taking medications
prescribed for respective diseases.

MATERIALS AND METHODS

Subjects

The study subjects were recruited from the Clinical Trial
Center for Functional Foods (CTCF2) in the Chonbuk Na-
tional University Hospital, from August to September 2010.
Potential participants were recruited through the hospital
diabetes and hypertension clinics, regional diabetes retinal
screening services, and advertisement in local newspapers.
The participants were restricted to those who were older
than 18 years, medically diagnosed with hypertension and
T2D, and were taking oral medications to control blood

pressure, plasma glucose, and lipids. Among 50 qualified
patients with diagnosed hypertension and T2D, 48 patients
were enrolled in the randomized trial (Fig. 1). Subjects ex-
cluded from the study were those who had (1) hypertension
(diastolic blood pressure [DBP] > 116 mmHg or systolic
blood pressure [SBP] > 200 mmHg) with a history of car-
diovascular events; (2) type 1 diabetes mellitus or uncon-
trolled T2D (glycated hemoglobin [HbA1c] > 9.0%); (3)
history of cancer; (4) hematologic retinopathy or neuror-
etinopathy; (5) digestive or central nervous system disor-
ders; (6) severe or malignant retinopathy; (7) impairment of
renal and liver function, dysproteinemia, nephritic syn-
drome, or other renal diseases; (8) coagulopathy or human
immunodeficiency virus; (9) histories of taking psychiatric
medications in the previous 2 months; (10) medical histories
or conditions that would affect assimilation of foods as
gastric bypass surgeries; (11) participating in other clinical
trials within the previous 2 months; (12) renal diseases such
as acute/chronic renal failure and nephrotic syndrome; (13)
laboratory tests, medical or psychological conditions
deemed by the investigators to interfere with successful
participation in the study; (14) history of alcoholism; and
(15) pregnant and/or breastfeeding women. Each patient
completed a personal health and medical history question-
naire that served as a screening tool. All subjects completed
written informed consents before the onset of the study.
The study was conducted according to the Declaration of
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Subjects enrolled

N= 23
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Discontinued intervention (n= 1)
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Follow-Up
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FIG. 1. Flow chart for the study subjects.
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Helsinki. The research protocol was approved by the In-
stitutional Review Board (IRB) of Chonbuk National Uni-
versity Hospital, Republic of Korea.

Experimental protocol

Study design. A 12-week, randomized, parallel, con-
trolled clinical trial was carried out with diet interventions at
the CTCF2. We considered participants to be suitable for
randomization to the KTD group and the control group if
they met the selection criteria stated under the description of
subjects, were receiving a set of classes, and drug treatments
for blood glucose, blood pressure, and lipid control ac-
cording to the national and international guidelines for the
management of T2D.26,27 Computer-generated random
numbers were used to assign each subject to either the ex-
perimental or control group. The control group (n = 20) was
instructed to ‘‘eat as usual,’’ whereas the KTD group
(n = 21) was fed the KTD for 12 weeks. All subjects were
instructed to maintain their usual activity levels and use no
other functional foods or dietary supplements during the
intervention period. Medication dosages were monitored for
all patients throughout the study period. The subjects were
monitored for current medication use and self-reported
symptoms or side effects, changes in physical activities,
lifestyles, and compliance to the respective dietary regi-
mens.

Dietary intervention. All participants in the present
study had received some nutrition education from their
physicians and dietitians on diabetic dietary management.26

Although subjects were randomly assigned to one of the two
dietary groups, patients could not be blinded from the die-
tary intervention of the KTD versus control diet. The KTD
group meals were prepared at the hospital nutrition kitchen
on a 13-day menu cycle. The participants of the KTD group
visited the clinical trial center every day and consumed

meals three times a day under close observation by re-
searchers. The KTD trial diet menu was developed based on
the typical Korean diets consumed in the 1970s.6,7

Briefly, the KTD used in the present study followed the
common traditional Korean table settings and menu called
‘‘3-chup bansang’’ (meaning three side dishes excluding
routine dishes such as rice, soup, and condiments).28 The
KTD consisted of rice, soup, kimchi, fermented soy-based
condiments, vegetables either raw or cooked, roasted or
baked fish or meat, and dry-preserved dish for all three
meals a day throughout the 12-week intervention. The KTD
was characterized by high vegetable and low red meat
consumption.7,13 The number of servings from each food
group was adjusted for each individual to meet the Korean
recommended dietary allowance.29 The KTD specifically
excluded bread, milk, and other dairy products, which had
not been a part of traditional Korean menus.

The control group was not given a prescribed diet regi-
men, as Koreans currently consume a variety of western
food items. They were instead instructed to ‘‘eat and exer-
cise as usual’’ while following the Korean Diabetes Asso-
ciation’s dietary guidelines,30 which emphasize dietary
intake that can help control FPG levels, maintain weight,
meet nutritional requirements, and consume adequate en-
ergy derived from carbohydrates (50–60%), protein (15–
20%), and fat (20–25%).

The purpose of this study was to evaluate whether routine
consumption of KTD for 12 weeks has effects on cardio-
vascular risk factors. The KTD did not have restrictions in
caloric and sodium intake as they were instructed to con-
sume as much as they want to eat. All KTD meals were
prepared with sea salt and fermented soy condiments, such
as soy sauce and soybean paste, and red pepper paste called
gochujang. Caloric intake of the KTD group was at about
2050 kcal/day, which is similar to those reported by men and
women at the national level (1681 and 2406 kcal/day for 50-
to 64-year-old women and men, respectively)31 (Table 1).

Table 1. Daily Dietary Composition of Korean Traditional Diet Group

Nutrients Food groups (g) Components of KTD (g)

Energy (kcal) 2050 Fruits 102.6 Steamed rice 630
Protein (% of energy) 16.7 Vegetables 797.7 Soup 750

Animal (% of energy) 4.3 Total grain 312.3 Kimchi 150
Plant (% of energy) 12.4 Whole grain 270.0 Vegetables either raw or cooked 360

Total lipid (% of energy) 20.8 Dairy products 0 Soy-based condiments 50
Animal (% of energy) 2.7 Meat 16.2 Dry-preserved dish 58.5
Plant (% of energy) 18.1 Fish 64.0 Roasted or baked fish or meat 83.5

Saturated fat (% of energy) 1.8 Egg 5.2
Monounsaturated fat (% of energy) 3.5 Legumes 88.5
Polyunsaturated fat (% of energy) 3.8 Seaweeds 18.5
Cholesterol (mg) 184.8
Carbohydrate (% of energy) 62.5
Fiber (g) 50.4
Potassium (g) 5468
Sodium (mg) 7014
Calcium (mg) 1085
Iron (mg) 28.4

BENEFITS OF KOREAN TRADITIONAL DIETS IN METABOLIC SYNDROME 163



Safety assessment. Safety measurements taken for the
subjects included electrocardiograms, hematological tests,
and complete blood chemistry panels, including white and
red blood cell counts, hemoglobin, hematocrit, platelet
count, total protein, albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), blood urea ni-
trogen (BUN), and creatinine levels. Pulse and blood pres-
sure were measured after a 5-min rest at each visit by using
the OMRONT4 digital blood pressure monitor (Omron
Corp., Tokyo, Japan).

Anthropometric measurement. Height and body weight
were measured using a digital scale while the subjects were
wearing a light hospital gown. Body mass index (BMI) was
calculated by weight (kg)/height (m)2. Waist circumference
was measured twice to the nearest 0.1 cm with a measuring
tape at the midpoint between the lower border of the ribs and
the upper border of pelvis. Hip circumference was measured
at the largest extension of the buttocks. Total body fat and
lean mass were determined using a bioelectric impedance
analyzer (Inbody 3.0; Biospace Co., Ltd., Seoul, Korea).

Metabolic parameters. Metabolic data were obtained
using standard protocols of the clinical laboratory of the
Chonbuk National University Hospital; the measurements
were repeated to make a total of five visits to the clinic, that
is, at the initial screening, week 0 (baseline), 4, 8, and 12.
The data on demographics, smoking, physical activity, al-
cohol drinking, medical history, dietary intake, anthropo-
metric and biochemical parameters, and vital signs were
obtained from each individual in both groups. Blood sam-
ples were collected after 12 h fasting and were stored at
- 80�C until further analysis. Blood chemistry included total
cholesterol, high-density lipoprotein cholesterol, low-den-
sity lipoprotein cholesterol (LDL-C), and triglycerides (TG)
assayed by routine laboratory methods, and FPG, fasting
insulin, and HbA1c by the Hitachi-7600 analyzer (Hitachi
Ltd., Tokyo, Japan). Pancreatic b-cell function and insulin
sensitivity were obtained by homeostasis model assessment
(HOMA) using the HOMA of pancreatic b-cell function
(HOMA-b) calculated as basal insulin (mIU/mL) · 20/basal
glucose (mmol/L) - 3.5, and the HOMA of insulin resis-
tance (HOMA-IR) calculated as basal insulin (mIU/
mL) · glucose (mmol/L)/22.5. Pancreatic b-cell secretory
function or insulin reserve was determined from a mixed-
meal stimulation test calculated by the increase in insulin
level divided by the increase in glucose level over the same
period. White blood cell count, red blood cell count, he-
moglobin level, hematocrit, and platelet counts were mea-
sured with the Coulter LH 750 analyzer (Beckman Coulter,
Inc., Fullerton, CA, USA). AST, ALT, albumin, BUN,
creatine, and urinary sodium levels were measured with an
autoanalyzer (Variant, Bio-Rad, Hercules, CA, USA).
Resting blood pressure and heart rate (HR) were measured
following a 10-min seated rest, and brachial SBP and DBP,
and HR were measured using the Omron T4 digital blood
pressure monitor (Omron Corp.). All measurements were
repeated after 5-min rest.

Measurement of dietary intake. The food records con-
sisting of two week days and one weekend day were ob-
tained from each subject before the onset of the study. A
trained dietitian provided each subject with instructions for
completing the food record and interviewed the subject
about the completion of the record upon collection of the
record. Each subject provided two 3-day diet records for
dietary assessment.

The KTD group foods were weighed each day for 12
weeks before and after meals. The dietary intake of the
control group was also based on two 3-day dietary records.
Each subject in the control group was provided a scale to
weigh all the foods and beverages consumed every week.
The food records were checked at the clinic visit every
fourth week for its completeness. For each subject in both
groups, the dietary intake of a total 36 days (3 days per
week/during 12 weeks) was used in this study. Dietary in-
take data were analyzed by one dietitian throughout the
study for consistency, using Can-Pro 3.0 software (The
Korean Nutrition Society, Seoul, Republic of Korea).

Statistical analysis

All statistical analyses were performed according to the
pre-established protocol using SPSS version 18.0 (SPSS,
Inc., Chicago, IL, USA). Sample size for the study was
estimated based on the mean (SE) percent of HbA1c dif-
ference between treatments in the previous study,32

- 1.3 (0.2)% for experimental group and + 0.2 (0.2)% for the
control group. It was estimated to provide 80% power to
detect a difference between the groups for HbA1c of 1.5
(SD: 2.4)% with a= 0.05, using a two-tailed t-test of the
difference between means. The minimum sample size was
calculated to be 48 participants (24 per group), to allow for
a 10% dropout rate of total 50 participants were selected.
t-Tests were carried out for each variable to determine the
statistical significance between the two groups. Paired t-tests
were performed to test statistical significance between
groups from 0 week to 12 weeks. Repeated measures mixed
model analysis of variance was performed to determine the
effects associated with time (with person variable), treat-
ment (between-group variable), and the interaction of time
and treatment. Statistical significance was accepted at
P < .05.

RESULTS

Recruitment and study subjects

The sampling and trial schemes of the present study are
summarized in Figure 1. Of 50 prescreened subjects at the
onset, two subjects were excluded for not meeting the se-
lection criteria, either by laboratory tests and/or by physical
examinations. Forty-eight subjects who met all inclusion
and exclusion criteria were enrolled, but 43 were allocated
for intervention. Forty-one subjects completed the study for
12 weeks. Two subjects from the KTD group (7.0%) and
five subjects from the control group (20.0%) failed to
complete the study. Seven subjects were disqualified
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because they received allocated intervention or serious ad-
verse events or did not receive allocated intervention or not
participating in other aspects of the study, and two subjects
voluntarily withdrew. At the end, 41 subjects (KTD = 21,
control = 20) remained in the study.

General characteristics of the subjects

As shown in Table 2, initially, the KTD and control
groups did not differ significantly in age, gender, weight,
BMI, body fat mass, and body fat percent. The clinical
characteristics of the 41 subjects (n = 19 women and 22 men)
assigned randomly to the KTD and control groups also did
not differ significantly. The use of hypoglycemic drugs,
lipid-modifying drugs, and antihypertensive agents was
equal in the two groups. No patient in this study was a
smoker. Dietary intakes did not change over time and did
not differ between the two groups in the course of the 12-
week intervention for energy and macronutrients (Table 3).

Dietary assessment

Table 3 shows that the KTD group consumed about
300 kcal more than the control group, with a higher % en-

ergy from carbohydrates (67.1% and 63.4% respectively,
P < .001) and from plant lipid intake and significantly lower
% energy from animal protein (P < .001).

A significant interaction between time and treatment
group was observed in the intake of animal protein, plant
protein, animal lipid, plant lipid, fiber, and sodium intake
(P < .01). The control group showed no significant changes
in intake between before (0 week) and during the inter-
vention period. In contrast, the KTD group increased the
intake of vegetables, whole grains, and legumes and de-
creased that of meat and dairy products during the inter-
vention period. Changes in diet were seen only in the KTD
with higher intakes of vegetables and whole grains and
lower intakes of fruits, total grain, and dairy products during
the intervention period than the control group. For the
control group, the intake amounts of KTD showed no sig-
nificant difference between before study participation and
during the intervention period. The KTD group had signif-
icantly higher intakes of steamed rice, soup, kimchi, both
cooked or uncooked vegetables, and fermented soybean
products (all Ps < .001) during intervention than before
study participation.

Changes in body weight and components

Body weight and composition data in Table 4 show that
after 12 weeks of intervention, the KTD group lost body
weight, BMI, body fat mass (kg), % body fat, and waist
circumference (P < .05). A significant interaction (time ·
group) were observed in the body weight, BMI, body fat
mass (kg), % body fat, and waist (P < .05).

The effect on glycemic control factor

The indicators of glycemic control and insulin sensitivity
summarized in Table 4 show that HbA1c decreased signif-
icantly from 6.77 to 6.05 (P < .003) only in the KTD group.
No significant changes were, however, seen in the plasma
concentration of glucose, C-peptide, fasting insulin,
HOMA-IR or HOMA-b in either group. HbA1c in the KTD
group was significantly lower than that of the control group
(P < .003); however, there was no statistically significant
interactions (time · group). The slightly higher HOMA-b,
an indicator of insulin sensitivity, was not statistically
significant.

The effects on blood pressure

No changes in blood pressure were observed in the con-
trol group before and during intervention. The KTD group,
however, showed a significant reduction in heart pulse
compared to the control group (P < .002), with no changes in
SBP and DBP.

The effects on lipid profile

As shown in Table 4, total serum cholesterol and LDL-C
decreases in the KTD group from baseline to the interven-
tion period; endpoints were - 24.2 and - 17.7, respectively,
in the KTD group compared with - 13.2 and - 10.3,

Table 2. General Characteristics of Subjects

Variables
KTD group

(n = 21)
Control group

(n = 20) P value

Age (years) 63.3 – 2.0 60.2 – 1.9 .254
Sex (M/F) 12/9 10/10 .658a

Weight (kg) 68.8 – 3.2 65.7 – 2.0 .419
BMI (kg/m2) 25.9 – 0.9 25.6 – 0.7 .642
SBP (mmHg) 127.2 – 2.6 128.3 – 3.7 .802
DBP (mmHg) 71.2 – 1.2 75.6 – 3.0 .177
Heart rate (bpm) 77.2 – 2.2 70.6 – 2.6 .057
FPG (mg/dL) 118.6 – 6.9 118.8 – 6.1 .958
HbA1c (%) 6.77 – 0.2 6.77 – 0.2 .990
TC (mg/dL) 165.7 – 10.8 174.9 – 9.6 .820
TG (mg/dL) 100.3 – 13.3 132.1 – 11.2 .602
HDL-C (mg/dL) 43.8 – 2.1 39.3 – 1.8 .924
LDL-C (mg/dL) 96.4 – 10.1 105.9 – 9.1 .835

Medication [n (%)]
Hypoglycemic 21 (100) 20 (100) 1
Antihypertensive 21 (100) 20 (100) 1
Lipid modifying 21 (100) 20 (100) 1

Habitual dietary intake
Energy (kcal) 1651.5 – 72.7 1391.7 – 82.5 .023*
Fat (%) 18.47 – 1.1 17.08 – 1.2 .403
Carbohydrate (%) 64.8 – 1.5 62.2 – 1.7 .859
Protein (%) 15.9 – 0.4 16.4 – 0.7 .556
Fiber (g) 22.4 – 1.3 20.16 – 1.3 .222

Data are mean – SE values. P values were determined by independent t-test.
aChi-square test.

*P < .05.

KTD, Korean traditional diet; BMI, body mass index; WHR, waist–hip

ratio; TC, total cholesterol; HbA1c, glycated hemoglobin; TG, triglyceride;

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; FFA, free fatty acid; ApoA1, apolipoprotein A1; ApoB, apolipo-

protein B; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,

fasting plasma glucose; SE, standard error.
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respectively, in the control group. A significant difference in
the TG (P < .003) level was observed between the two
groups, whereas no significant interaction (time · group)
was found in triglyceride (TG) levels.

DISCUSSION

We hypothesized that the consumption of KTD would
contribute to the management of diabetes and hypertension
when combined with standard medications. We observed
that the consumption of KTD, in contrast to contemporary
diets in Korea (control group), for 12 weeks improved blood
pressure, glycemic control, and CVD risk factors. At the end
of the study, the KTD group had significantly lower an-
thropometric indicators, including body weight, BMI, body
fat mass, body fat (%), waist–hip ratio, and waist circum-
ference and significantly better HbA1c and HR than the
control group. Moreover, retrospective studies confirmed
that if the KTD pattern is adhered to, the disease risks of
obesity,12,19,20 T2D,5 CVD,33 and MS12,22,24 are decreased;
also, high consumptions of red and processed meat have
been associated with the increase of coronary heart disease,
T2D, and MS.10,21 Our study also confirmed that the high
carbohydrate diet including steamed rice for three meals per
day using whole grains and the high rate of continuous side
dishes with plenty of plant foods were features of the
KTD,6,7 and their intakes contributed to controlling diabe-
tes, obesity, and hypertension risk.

The risk for stroke and myocardial infarction (MI) in-
creases with the risk for hypertension. The KTD group had
lower DBP at week 4 of the intervention, whereas the control
group experienced higher DBP at week 4 compared to those
at the baseline. These changes along with decreased TG in the
KTD group can decrease the risk for atherosclerosis. Also, the
decreased HR along with DBP in the KTD group can reduce
the risks for MI and hypertension indirectly.

Several recent studies reported that if whole grain, le-
gumes, vegetables, low fat dairy, and fish, which are major
components of the Mediterranean style18,34–36 and dietary
approaches to stop hypertension (DASH), were consumed
abundantly, SBP and DBP were lowered,37,38 and MS39 and
impaired glucose tolerance40 were improved. It is possible
that whole grain intake and vegetables has a strongly ef-
fective impact on decreasing abdominal obesity, insulin
resistance, dyslipidemia, and the incidence of MS.

In the KTD group, cardiovascular risk factors, such as
HR, TG, HbA1c, and obesity index, were improved. We
assert that the health benefits of KTD are partially due to the
high content of whole grains, fermented soy products, and
kimchi, all of which are high in dietary fiber. Schulze et al.41

reported that the prevalence of diabetes is inversely asso-
ciated with intake of whole grains that are rich in dietary
fiber, and also, dietary fiber intake improved controlling
blood glucose in T2D patients.42 When a KTD that is rich in
whole grains and dietary fiber is consumed, blood glucose
peak and AUC, (area under the curve) are maintained at
lower levels and thus HbA1c levels are low43 and HR re-
mains low due to a controlled autonomic nervous system.

Adherence to the Mediterranean diet did not produce
enough evidence to support its efficacy against T2D and
HbA1c levels,16 but our results found that KTD dietary
patterns may decrease HbA1c when rich in whole grain rice,
fermented foods, and fiber. Recently, studies have shown
that HbA1c is a high risk factor and predictor of morbidity
and mortality due to CVD.44,45

Fermented soy products are rich in aglycon forms of iso-
flavone, such as genistein and daidzein. Several investiga-
tors46–48 have reported that genistein and daidzein stimulate
b-oxidation of fatty acids and thus decrease visceral adipose
tissue, conversion of cholesterol to bile acid that can be ex-
creted, and inhibition of de novo synthesis of cholesterol and
progression of atherosclerosis by inhibiting tyrosine kinase
activities. Capsaicin, which is rich in the red pepper paste
called gochujang in the KTD, has also been reported to in-
crease metabolic rate and reduce the accumulation of visceral
fat.49,50 We also assert that fermented soy products, which are
rich in the KTD may explain a part of the health benefits that
we observed with KTD in our study.

Kim et al.51 reported that kimchi was effective for re-
ducing weight, body fat, blood pressure, fasting blood glu-
cose, and blood cholesterol in obese individuals. These
effects were more prominent following the consumption of
fermented kimchi than nonfermented kimchi. These health
benefits of kimchi have been explained by its content of
capsaicin, probiotics, and dietary fiber that control insulin
resistance.52 We suspect that kimchi in KTD explains part of
the anti-obesogenic and blood glucose controlling effects.

High dietary fiber intake has been reported to be effective
for preventing CVD by decreasing risk factors for T2D and
obesity.53 In our study, dietary fiber intake did not change in
the control group between the beginning and end of the
study. In contrast, dietary fiber intake of the KTD group
increased by 22 g more than that of the control and is
speculated to be partially responsible for the positive health
outcomes. Interestingly, the KTD group in the present study
consumed 1883 kcal/day, which is about 335 kcal/day
higher during intervention than at the baseline. However, the
KTD group showed a decrease in BMI, body fat mass, and
body fat. We speculate that three regular meals with brown
rice, fermented soy bean products, and large amount of
plant-based food increased the metabolic function.

Isoflavones in soy and fermented soy products have been
reported to prevent the accumulation of body fat and vis-
ceral fat,46,47 and capsaicin in kimchi51,52 and gochujang49,50

has been reported to increase the metabolic rate and reduce
the accumulation of visceral fat. The KTD group consumed
about 20.4 g soy, 21.3 g fermented soy products, and 49.7 g
kimchi, which were significantly more than the control
group. We assert that the isoflavones in fermented soy
products increased partially the metabolic function. Fur-
thermore, fermentation of dietary fiber by gut flora produces
short-chain fatty acids, which activate GPR43 and thus
control insulin-mediated accumulation of adipose tissue
while increasing energy expenditure.54,55 We speculate that
the increased dietary fiber intake by 21.8 g/day in the KTD
group during the intervention period increased energy
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expenditure and reduced body fat accumulation that led to
abdominal obesity and weight gain.

In this study, a direct effect on blood pressure decrease
could not be confirmed. However, interestingly, the KTD
group was lower in HR than the control group. Blood
pressure is usually determined by cardiac output and pe-
ripheral resistance, but more often by peripheral resistance.
Cardiac output is determined by HR and stroke volume
(HR · stroke volume). Since the parasympathetic vagus
nerve is innervated in the atrium only, HR can be decreased
without affecting ventricular contractility directly.56 When
HR decreases, cardiac filling time and consequently the
stroke volume increases. This is due to the increase in sys-
tolic contraction following Frank-Starling’s law.57 The de-
crease in HR in the KTD group with increased diastolic
coronary perfusion time is expected to decrease the risk for
MI caused by hypertension.

The limitations of this study may include the following:
The control group was not provided a strict ‘‘controlled diet’’
per se nor monitored closely for their dietary intake as was
done for the KTD group. The KTD group consumed foods
that were carefully prepared while visiting the Clinical Trial
Center every day for 12 weeks. This could have potentially
led to different levels of physical activities between the two
groups. The results of the present study differ from those of
preceding studies in which high carbohydrate diets were ad-
versary to glycemic control. Future follow-up studies need to
consider increasing sample sizes and monitoring of the diet
and all other lifestyle factors in depth for the control group.

Regular consumption of KTD for 12 weeks by hypertensive
and diabetic patients resulted in favorable changes in gly-
cemic control, body composition, HR, and CVD risk factors.
We conclude that hypertensive and diabetic patients will
benefit from consuming regularly meals following the KTD
pattern along with medications, regular exercise, and healthy
lifestyles to reduce the risks related to the long-term CVD.
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