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Background: The Korean National Health and Nutrition Examination Surveys reported 65% of daily energy intake (EI) as car-
bohydrate (CHO) in the Korean population and main source of CHO was cooked rice. We used a standardized-small sized rice 
bowl for diet education and investigated its effectiveness on body weight, glucose and lipid, compared to the conventional food 
exchange system in type 2 diabetes obese women. 
Methods: Type 2 diabetic women with body mass index ≥ 23 kg/m2 were randomly assigned to small rice bowl-based meal plan 
(BM) and food exchange-based meal plan (ExM) group. Both groups were asked to reduce their EI by 500 kcal/day for 12 weeks. 
The macronutrient composition was instructed: 55 to 60% of EI as CHO, 15 to 20% as protein, and 20 to 25% as fat. BM group 
received only a simple instruction for application of the rice bowl. Nutrient intake was estimated with the 3-day dietary records.
Results: Finally, 44 subjects finished the study. The percent reduction of body weight was significant both BM group (-5.1 ± 2.6%) 
and ExM group (-4.8 ± 2.8%) after 12 weeks (P < 0.001) but there was no difference between the groups. There was no difference 
in the proportional change of CHO, protein and fat in EI between the groups. Additionally, the change of HbA1c and low density 
lipoprotein-cholesterol were not significantly different between the two groups. 
Conclusion: The BM group was as effective as ExM for body weight and glucose control in type 2 diabetes obese women.
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INTRODUCTION

In obese type2 diabetes, meal education plan is important for 
reduction of their body weight (BW) [1], but which meal plan 
is effective in decreasing weight is not well-known. For weight 
control, low-fat diet has been traditionally recommended [2]. 
However, Nordmann et al. [3] reported that in meta-analysis 
low-carbohydrate (CHO) diet declined BW more than low-fat 
diet in six months and low-CHO diet was helpful in reducing 
serum triglyceride and in increasing high density lipoprotein 
cholesterol (HDL-C) but could increase low density lipopro-

tein cholesterol (LDL-C) level. For these reasons American 
Diabetes Association (ADA) recommends both of low-fat diet 
and low-CHO diet as effective meal plans to reduce BW for a 
short period [4]. 
 According to Korean Health and Nutrition Examination 
Survey conducted in 2005, the rates of CHO, protein and fat to 
total energy intake (EI) of Koreans were 64.5%, 15.6%, and 
20.5%, respectively, and National Health and Nutrition Exami-
nation Survey (NHANES) performed in the U.S. said that 
those to EI of Americans were 51.7%, 14.8%, and 32.9%, respec-
tively. Therefore, Koreans were observed to take more CHO and 
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less fat compared to Americans [5,6]. In addition, when the 
obese group and the normal group were divided by body mass 
index (BMI) of 25 kg/m2 the obese women had significantly 
more CHO than those with normal BMI [7]. That was similar 
with the result of Park et al. [8] saying that obese women with 
type 2 diabetes took significantly more CHO than others with 
the disease.
 Food exchange system has been widely used to decrease di-
etary EI and to control macronutrient composition for weight 
reduction in obese patients with type 2 diabetes. However, the 
survey on recognition on food exchange system performed with 
dietitians in Seoul and Gyeongin area revealed that 39% said 
that food exchange system was hard to be utilized and 49% did 
that it was complex and confusing [9]. With this background, 
simple education methods are needed and in foreign countries 
a simplified meal education such as “plate method.” “Plate 
method” means that 1/3 to 1/4 of the total dish area is served 
with protein including meat, fish, egg, and cheese and the oth-
er area is done with starch, grain, bread, and vegetables to de-
cline the intake of protein and fat relatively [10,11]. But, stud-
ies on simple methods to decrease CHO actively for Koreans 
with type 2 diabetes taking high-CHO diet with different di-
etary patterns compared to foreigners, are insufficient.
 Ahn et al. [12,13] reported that among type 2 diabetes pa-
tients the size of rice bowl was related with rice intake and obese 
patients with type 2 diabetes who used smaller rice bowl than 
what they ordinarily used showed an effective decrease in EI 
and CHO intake. However, any clinical usefulness of meal plan 
of supplying a smaller rice bowl than a bowl commonly used 
has not been reported.
 Therefore, this study investigated clinically the difference in 
effect on BW, glucose and lipid control between meal plans us-
ing food exchange system and reducing rice intake with small 
rice bowl with obese Koreans with type 2 diabetes.

METHODS

Subjects 
This study recruited women with type 2 diabetes visiting Dia-
betes Center of Eulji Hospital as outpatients from June 2008 to 
November 2008, hearing the purpose and the methods of this 
study and agreeing with them. The data of totally 44 patients 
followed up for all of 12-week study period were finally ana-
lyzed. Type 2 diabetes was diagnosed by following diagnosis 
criteria invented by ADA in 1997. The subjects of this study 

were 20 to 70 years old when they participated in this study and 
their BMI and glycosylated hemoglobin (HbA1c) were 23 kg/m2 
or higher and 6.5 to 10%, respectively. They had taken orally a 
hypoglycemic agent of over 1,000 mg metformin for at least 12 
weeks without insulin therapy before the beginning of this study. 
The patients taking insulin or thiazolidinedion, drinking one 
or more cups of alcohol every day, having any special dietary 
habit (e.g., vegetarian), not being able to take exercise and hav-
ing gestational diabetes, malignant tumor, cardiovascular dis-
ease or diabetic nephrosis, taking drugs to reduce BW within 
the last three months, not being followed up and refusing the 
participation in this study were excluded. After four-week dif-
ferentiation, they continued to take 1,000 mg metformin or 
sulfonylurea for 12 weeks and maintained their blood pressure 
agents or anti-lipid agents during the study period. This clini-
cal study was approved by Institutional Review Board of Eulji 
Hospital (Approval no.: EMCIRB 08-28).

Methods 
After the subjects enrolled, they were divided into small rice 
bowl-based meal plan (BM) group and food exchange-based 
meal plan (ExM) group, with the random number table. 

Dietary EI and total energy expenditure
To examine dietary EI and nutrient intake, both of the two groups 
were asked to write three-day diet record sheet (two days for 
weekdays and a day for weekend) every two weeks. Ordinary 
total energy expenditure and physical activity for activities were 
monitored at each visit by using a multi-record accelerometer 
(Lifecorder®; Suzuken Co., Nagoya, Japan) for all day except 
sleeping time.
 The subjects were educated on the diet record method sim-
ply before writing the record sheet actually and they were asked 
to write amounts and kinds of all foods taken for a meal, nutri-
tion supplementary foods and snacks for a day on the dietary 
record sheet by themselves. To increase accuracy of the record, 
a registered dietitian (RD) reviewed contents of the sheets by 
using real-sized food models, measuring cups, measuring spoons 
and the book called “data on eye measurement of foods” (The 
Korean Dietetic Association, 1999) when the sheets were re-
turned. The data from the sheet were analyzed with CAN-Pro 
(Computer-Aided Nutritional Analysis Program, version 2.0; 
Korean Nutrition Society, Seoul, Korea) and were converted 
into nutrient intake.
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Diet and exercise education
The subjects maintained ordinary food intake and exercise be-
fore 4 weeks from the beginning of this study and both of the 
two groups reduced their food intake by 500 kcal/day from their 
ordinary intake with a goal of decreasing BW by 0.45 kg per 
week during the study period. The proportions of CHO, pro-
tein and fat to the total EI were recommended to be 55 to 60%, 
15 to 20%, and 20 to 25%, respectively [14]. 
 The subjects of the BM group were supplied with 200 cc rice 
bowls containing around 200 kcal rice and diet leaflet corre-
sponding to described energy and were educated on tips for 
putting rice into the bowl and taking side dishes, within 10 min-
utes by person to person. They were asked to use the bowl for 
every meal and CHO sources such as bread, rice cake, potato, 
sweet potato, and jeon were limited through the leaflet. Noo-
dle could substitute for rice but any specific amount for that 
was not suggested. Fruit intake was shown as the amount per 
day through the leaflet. For fish, meat and vegetables, the sub-
jects were educated with pictures of diet fitting each food ex-
change unit and were asked to practice it but that was not em-
phasized intensively at each visit. The pictures of diet of fish, 
meat and vegetables were included in the leaflet by focusing on 
foods frequently found in the preliminary survey.
 For the ExM group, food exchange system (Korean Diabetes 
Association [KDA], the Korean Nutrition Society, The Korean 
Dietetic Association, 1995) for meal plan and the data of food 
exchange stickers (KDA) were utilized. The subjects of the group 
were educated about grouping of foods into list and serving 
size and rice was asked to be measured according to the serving 
size with a scale. Cereals, fish & meat, milk and fruit were rec-
ommended to be taken by following serving size proportional 
to each EI and nutrient composition. The subjects were edu-
cated about food exchange system for around 40 minutes and 
were asked to participate in buffet education for diabetes pa-
tients (practice using food exchange system) one time. 
 Compliance of EI of the two groups was calculated as a per-
cent by comparing their actual intake with the targeted intake 
(reduction of 500 kcal/day from the ordinary level). 
 As exercise, walking, which had been conducted before the 
education, was maintained to be 4 to 6 levels (3.6 to 5.2 MET) 
with a multi-record accelerometer (Lifecorder®) for 30 to 60 
minutes per day, five or more times per week for 12 weeks.

Physical measurement and biochemical tests 
Height, BW, and waist circumference were measured at the 

beginning of this study and at each visit made every two 
weeks. Height and BW were gauged in thin clothes by taking 
off outer clothes and BMI was calculated by dividing the BW 
(kg) with the square of the height (m2). The narrowest line be-
tween the lower rib and iliac crest was measured as waist cir-
cumference with a tapeline when a subject breathed out easily, 
and blood pressure was gauged in a sitting posture with a he-
momanometer (Yamasu Co., Saitama, Japan) after resting for 
10 minutes.
 Biochemical tests were performed for the both of the two 
groups at the beginning of the study and in 12 weeks. For blood 
test, venous blood was collected after over 10-hour fasting and 
was centrifuged at 3,000 rpm for 15 minutes to isolate serum. 
The serum was stored at -70°C in a refrigerator and was used 
for analysis. Fasting blood glucose and HbA1c were measured 
with glucose oxidase method and HPLC utilizing cation ex-
change resin, respectively. Cholesterol, triglyceride, HDL-C, 
and LDL-C were examined with kits using enzymatic response 
and an automatic chemistry analyzer (Hitachi 7170; Hitachi, 
Tokyo, Japan). 

Abdominal ultrasound
The lengths of abdominal subcutaneous and visceral fat were 
measured with 3.5 MHz probe of high-resolution B-mode scan-
ner (HDI 5000; ATL-Phillips, Bothell, WA, USA) at the point 
separating by 1 cm above the bellybutton at the end of expira-
tion when a subject lied down. The lengths of abdominal sub-
cutaneous and visceral fat were determined with the length 
from the skin surface to the upper side of abdominal muscle 
and with the length from the inner side of abdominal muscle 
to the anterior wall of the aorta at the same point, respectively.

Compliance of use of bowl and scale
To evaluate compliance of use of bowl or scale, all subjects of 
the two group were asked to write whether they used the bowl 
or the scale for each meal and the record sheets were returned 
at each visit made every two weeks. Compliance of use was cal-
culated as a percent of frequency of using the bowl or the scale 
out of the total meals every two weeks and the average of com-
pliance was done every two weeks to assess the compliance.
  Compliance of use of bowl (%) = Frequency of using bowl / 

Number of total meals × 100 
  Compliance of use of scale (%) = Frequency of using scale / 

Number of total meals × 100 
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Data analysis and statistical analysis 
For data analysis, means and standard deviation were calculat-
ed with SPSS statistics program version 15.0 (SPSS Inc., Chi-
cago, IL, USA). Paired sample t test, independent sample t test 
and crosstabs analysis were used for comparison of physical 
characteristics, results of biochemical tests and averages of nu-
trient intake before and after the education, for comparison be-
tween the two groups and for categorical variables, respective-
ly. Correlation among intake of CHO, protein and fat was ex-
amined with Pearson’s correlation coefficient. A P value of less 
than 0.05 was considered to be statistically significant.

RESULTS

General characteristics of subjects 
Out of 55 subjects registered in this study, fifty subjects except 
those not meeting registration criteria (n = 2) and those refusing 
the participation (n = 3) were divided into the BM and the ExM 
groups. As three in each group dropped out of this study (move 
or not contacted), finally 44 subjects participated in this study. 
The drop-out rates of the two groups were not different (Fig. 1). 
Age, prevalence period, BMI, fasting blood glucose level and 
HbA1c of the totally 44 subjects were 55.2 ± 7.6 years, 6.6 ± 4.6 
years, 28.0 ± 3.6 kg/m2, 142 ± 35 mg/dL, and 7.9 ± 0.8%, respec-
tively. As therapy for diabetes only metformin and combination 
of metformin and sulfonylurea were used for 40.9% and 59.1% 
of the patients, respectively. In two weeks after the beginning of 
this study, 46.2% of the subjects treated with combination of 

metformin and sulfonylurea reduced the dose of sulfonylurea to 
prevent hypoglycemia, and it was decreased to 50% of its initial 
level when this study was ended. There was no difference in the 
reduced amount of the dose between the two groups. The two 
groups also did not show any significant difference in age, prev-
alence period of diabetes, BMI, fasting blood glucose, dietary 
energy intake, total energy expenditure and treatment methods. 
As the average dietary energy intake was 1,931 ± 227 kcal/day 
and total energy expenditure and physical activities recorded 
1,928 ± 165 kcal/day, respectively, any significant difference be-
tween the two groups was not found (Table 1). The proportions 
of CHO, protein and fat to the total EI were 63.1 ± 7.8%, 16.0 ± 
2.4% and 21.1 ± 5.4%, respectively. The rate of CHO was higher 
than the rate recommended by KDA or 55 to 60% and it was not 
different between the two groups [14] (Table 2). The frequencies 
of using the bowl or the scale for 12 weeks were 70 ± 28%, 47 ± 
24%, and 59 ± 24% for breakfast, lunch and dinner, respectively 
and there was no significant difference between the two groups. 

Changes of BW and abdominal visceral fat 
Both of the BM and the ExM groups showed significantly re-
duced BW by 3.7 ± 2.3 kg (5.1 ± 2.6%) and 3.3 ± 2.0 kg (4.8 ± 
2.8%) in 12 weeks (P < 0.001) but their reduced BW between 
the group was not significantly different. Waist circumference 
also decreased significantly by -4.9 ± 3.7 cm (-5.1 ± 3.8%) and 
-4.5 ± 3.1 cm (-4.8 ± 3.3%) in the BM and the ExM groups, re-
spectively (P < 0.001) but there was no significant difference in 
the reduced waist circumference of the two groups. 

Fig. 1. Study flow diagram. BM, small rice bowl-
based meal plan; ExM, food exchange-based meal 
plan.

BM (n = 23)
Allocated to intervention
   Received allocated intervention 
   (n = 23)

ExM (n = 27)
Allocated to intervention
   Received allocated intervention 
   (n = 27)

Exclued (n = 5)
   Not meeting inclusion criteria
   (n = 2)
   Refused to participate (n = 3) 

Lost to follow up (n = 3)
Discontinued intervention (n = 3)
 (could not be contacted)

Lost to follow up (n = 3)
Discontinued intervention (n = 3)
 (could not be contacted)

Analyzed (n = 20) Analyzed (n = 24)

Randomized (n = 50)

Assessed for eligibility (n = 55)
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 Abdominal visceral fat measured with ultrasound was de-
clined significantly by -1.1 ± 0.7 cm (-1.7 ± 1.1%) only in the 
BM group (P < 0.01) but the reduced amount of the two groups 
were not significantly different. Abdominal subcutaneous fat 
of both of the two groups were significantly reduced (P < 0.01) 
and the difference in the reduced fat between the two groups 
was not significant (Table 3).

Changes of blood glucose and lipids 
HbA1c was decreased significantly by -0.5 ± 0.9 and -0.9 ± 0.7% 

in the BM and the ExM groups, respectively (P < 0.05) and their 
difference in the reduced HbA1c was not significant. Although 
in 12 weeks the BM group recorded significantly higher HDL-
C (P < 0.05) and the ExM group did significantly lower LDL-C 
(P < 0.05) compared to their initial levels the changes of total 
cholesterol, triglyceride, HDL-C and LDL-C were not signifi-
cant different between the two groups. Systolic blood pressure 
was declined significantly in both of the two groups (P < 0.05) 
but there was no significant difference in the reduced level be-
tween the two groups (Table 3). 

Changes of dietary energy intake and CHO intake 
As changes of dietary energy intake and total energy expendi-
ture during 12 weeks were not consistent, their averages for the 
12 weeks were used. Dietary energy intake and nutrient intake 
were assessed with 3-day dietary record. Dietary energy intake 
was significantly reduced by -439 ± 202 kcal/day and -369 ± 164 
kcal/day in the BM and the ExM groups, respectively in 12 weeks 
(P < 0.05) and the difference between the two groups was not 
significant. Compliance of EI was decreased from 136 ± 5% to 
107 ± 13% in the 12 weeks and the level was similar with the 
described energy level in both of the two groups (P < 0.001). 
There was no significant difference in the average of total en-
ergy expenditure for 12 weeks before and after the education 
and any difference in the increased amount between the two 
groups were also not observed.
 In 12 weeks both of the two groups showed significantly less 
CHO, protein and fat intake (P < 0.05) and the reduced amount 
of CHO, protein and fat was not significantly different between 
the two groups. Although the proportions of CHO, protein and 
fat to total EI initially recorded 63.1:16.0:21.1%, they changed 
into 60.8:17.1:22.4% in 12 weeks which were more similar 
with the proportions recommended by KDA. There was no sig-
nificant difference between the two groups. Fiber, cholesterol 
and sodium intake were also not different in 12 weeks compared 
to their initial levels and the changes of the two groups were 
also not significantly different (Table 2). 
 In the BM group the CHO intake for 12 weeks was correlat-
ed with the protein intake (r = 0.582, P = 0.006) and the fat in-
take (r = 0.581, P = 0.007) for the same period.

DISCUSSION

Although small rice bowl-based meal plan did not provide suf-
ficient information on tips to choose various foods and portion 

Table 1. Baseline characteristics of the BM and ExM group

Characteristics
Intervention  
assignment P  

valuea

BM ExM

No. of subjects 20 24

Age, yr 55.0 ± 6.4 55.3 ± 8.6 0.901

BMI, kg/m2 28.6 ± 4.5 27.6 ± 2.8 0.337

Waist circumference, cm 95.5 ± 10.9 91.4 ± 7.1 0.143

Diabetes duration, yr 6.4 ± 4.7 6.8 ± 4.5 0.818

No. of people treated with, %
   Metformin 
   Metformin + sulfonylurea

50.0
50.0

33.3
66.7

0.263

Laboratory data

FPG, mg/dL 144.9 ± 32.7 139.0 ± 38.0 0.591

HbA1c, % 7.8 ± 0.9 7.9 ± 0.8 0.622

SBP, mm Hg 127.0 ± 15.3 124.6 ± 13.5 0.580

DBP, mm Hg 78.5 ± 8.1 77.9 ± 7.8 0.810

TC, mg/dL 146.0 ± 25.2 156.0 ± 31.5 0.260

TG, mg/dL 120.1 ± 71.6 137.3 ± 72.2 0.434

HDL-C, mg/dL 42.3 ± 8.0 46.0 ± 11.8 0.233

LDL-C, mg/dL 92.4 ± 26.4 93.7 ± 26.9 0.876

Abdominal fat, cm 
   Total fat 
   Visceral fat 
   Subcutaneous fat 

9.0 ± 2.5
2.8 ± 0.5
6.2 ± 2.3

8.3 ± 2.0
2.6 ± 0.8
5.7 ± 2.0

0.274
0.393
0.334

Energy intake and expenditure, kcal/day
   Dietary EI                                           1,963 ± 268
   TEE                                                       1,936 ± 141

1,904 ± 189
1,921 ± 184

0.391
0.770

The values were presented as mean ± standard deviation.
BM, small rice bowl-based meal plan; ExM, food exchange-based 
meal plan; BMI, body mass index; FPG, fasting plasma glucose; 
HbA1c, glycosylated hemoglobin; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-
C, high density lipoprotein cholesterol; LDL-C, low density lipopro-
tein cholesterol; EI, energy intake; TEE, total energy expenditure.
aThe P values are for comparison between BM and ExM by indepen-
dent t-test. 
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Table 2. Dietary energy intake (macronutrient composition and total energy expenditure)

Characteristics
BM ExM

P valuea

Baseline Intervention Baseline Intervention

Dietary EI, kcal/day 1,963 ± 268 1,524 ± 275b 1,904 ± 189 1,535 ± 209b 0.207

TEE, kcal/day 1,936 ± 141 1,948 ± 135 1 ,921 ± 184 1,962 ± 192 0.245

Carbohydrate, g 314 ± 41 235 ± 45b 294 ± 44 228 ± 27b 0.328

Protein, g 77 ± 19 64 ± 12b 78 ± 15 66 ± 12b 0.664

Fat, g 47 ± 15 37 ± 10b 44 ± 13 39 ± 10b 0.258

Fiber, g 9.5 ± 2.4 8.5 ± 2.1 9.3 ± 2.4 8.6 ± 1.6 0.661

Cholesterol, mg 176 ± 119 206 ± 57 252 ± 110 227 ± 67 0.112

Sodium, mg 5,081 ± 1838 4,883 ± 982 4,861 ± 1,527 4,688 ± 741 0.953

Energy compliance, % 135.1 ± 5.8 105.1 ± 13.4b 136.2 ± 23.4 109.9 ± 11.9b 0.268

Carbohydrate, % 64.5 ± 6.8 61.9 ± 4.4 62.0 ± 8.5 59.8 ± 5.0 0.339

Protein, % 15.6 ± 2.3 16.7 ± 1.8b 16.4 ± 2.4 17.3 ± 1.3 0.631

Fat, % 21.3 ± 5.1 22.0 ± 3.1 20.9 ± 5.7 22.7 ± 3.9 0.253

The values were presented as mean ± standard deviation. 
BM, small rice bowl-based meal plan; ExM, food exchange-based meal plan; EI, energy intake; TEE, total energy expenditure.
aThe P values are for comparison for the change from baseline to intervention between BM and ExM by independent t-test, bThe P values < 0.05 
are for comparison between baseline and intervention by paired t-test. 

Table 3. Change in body weight, abdominal fat, glycemic control and plasma lipids 

Characteristics   
BM  ExM

P valuea

Baseline Intervention Baseline Intervention

BW, kg 71.3 ± 10.7 67.6 ± 9.8b 67.8 ± 7.0 64.6 ± 7.3b 0.524

BMI, kg/m2 28.6 ± 4.5 27.1 ± 4.0b 27.6 ± 2.8 26.2 ± 2.8b 0.578

Waist circumference, cm 95.5 ± 10.9 90.6 ± 10.8b 91.4 ± 7.1 87.0 ± 6.7b 0.670

Total fat, cm 9.0 ± 2.5 7.7 ± 2.3b 8.3 ± 2.0 7.4 ± 2.1b 0.293

Visceral fat, cm 6.2 ± 2.3 5.2 ± 2.0b 5.7 ± 2.0 5.0 ± 1.8 0.281

Subcutaneous fat, cm 2.8 ± 0.5 2.6 ± 0.6b 2.6 ± 0.8 2.4 ± 0.8b 0.976

SBP, mm Hg 127.0 ± 15.3 120.0 ± 13.0b 124.6 ± 13.5 114.6 ± 9.8b 0.555

DBP, mm Hg 78.5 ± 8.1 76.0 ± 7.5 77.9 ± 7.8 73.3 ± 7.0b 0.483

FPG, mg/dL 144.9 ± 32.7 130.1 ± 26.9b 139.0 ± 38.0 122.0 ± 26.5 0.839

HbA1c, % 7.8 ± 0.9 7.3 ± 1.0b 7.9 ± 0.9 7.1 ± 0.7b 0.181

TC, mg/dL 146.0 ± 25.2 152.3 ± 30.0 156.0 ± 31.5 148.7 ± 31.7 0.051

TG, mg/dL 120.1 ± 71.6 99.5 ± 47.0 137.3 ± 72.2 130.5 ± 109.6 0.565

HDL-C, mg/dL 42.3 ± 8.0 44.7 ± 7.3b 46.0 ± 11.8 44.5 ± 10.1 0.053

LDL-C, mg/dL 92.4 ± 26.4 91.9 ± 27.8 93.7 ± 26.9 83.0 ± 28.3b 0.177

The values were presented as mean ± standard deviation. 
BM, small rice bowl-based meal plan; ExM, food exchange-based meal plan; BW, body weight; BMI, body mass index, SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; TC, total cholesterol; TG, triglycerides; 
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
aThe P-values are for comparison for the change from baseline to intervention between BM and ExM by independent t-test, bThe P values           
< 0.05 are for comparison between baseline and intervention by paired t-test. 
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size of foods, the reduced CHO intake by using the small rice 
bowl led to no significant difference in the proportions of CHO, 
protein and fat to total EI compared with the ExM group. In 
addition, the cholesterol and the sodium intake were not dif-
ferent before and after the 12-week education and according 
to education methods. This result was considered to be because 
the subjects in the two groups chose similar foods so that they 
did not show difference in intake of each nutrient.
 In particular, the CHO intake of the BM group for 12 weeks 
showed correlation with its protein intake (r = 0.582, P = 0.006) 
and its fat intake (r = 0.581, P = 0.007). It suggested that for 
Koreans having meals mainly with rice when snack with CHO 
sources were limited and the amount of rice for a meal was 
changed with a rice bowl the EI of the provided rice could af-
fect the EI of side dishes because they took meals with a stan-
dard of the amount of rice [15]. For this reason, Koreans with 
type 2 diabetes could reduce their nutrient intake only with 
small rice bowls as much as food exchange-based meal plan.
 The obese patients with type 2 diabetes decreased dietary 
energy intake by 439 ± 202 kcal/day and finally reduced their 
BW by -3.7 ± 2.3 kg (-5.1 ± 2.6%) through small rice bowl-based 
meal plan in 12 weeks and the reduced amounts were not dif-
ferent from those of the ExM group. The reduced levels of both 
of the two groups were found to be higher than the level or 1.4 
kg (2.0%) in a study of Woo et al. [16] performed with type 2 
diabetes patients who had meals following diet guidelines rec-
ommended by KDA by using food exchange system for 12 
weeks. Abdominal visceral and subcutaneous fat were mea-
sured with ultrasound showing a correlation with computed 
tomography, and the reduced amounts of the abdominal vis-
ceral and subcutaneous fat were also not significantly different 
between the two groups [17]. This finding that the decreased 
amounts of BW and abdominal fat were similar despite differ-
ent education methods between the two groups seemed to be 
caused by no difference in reduction of dietary energy intake 
and of macronutrient composition. 
 According to a previous clinical research on medical nutri-
tion therapy for diabetes conducted with type 2 diabetes pa-
tients, HbA1c was reduced by 0.25 to 2.9% for 3 to 6 months 
[4]. Wilson et al. [18] revealed that among diabetes patients 
with 8% of an average HbA1c the education on diet performed 
by a RD decreased the level by 0.26 to 0.32% and a study of 
UK Prospective Diabetes Study (UKPDS) [19] found that 
among newly diagnosed type 2 diabetes patients the education 
on BW reduction and low-fat diet reduced the HbA1c level by 

1.9% (from 8.9% to 7%). A study of Kim et al. [20] conducted 
with Koreans with diabetes reported that combination of 
meals following guidelines recommended by KDA and using 
food exchange system and exercise for 12 weeks decreased 
HbA1c by 0.7% (from 8.9% to 8.2%) and a research of Woo et 
al. [16] found that meals following guidelines recommended 
by KDA and using food exchange system for 20 weeks reduced 
HbA1c by 0.1%. Because the decrease of HbA1c is influenced 
by types of diabetes, prevalence period, initial HbA1c level and 
education methods, their decreased levels are hard to be com-
pared directly [21]. However, the decreased amount of HbA1c 
observed in this study was similar with that of a study of Wil-
son et al. [18] performed with diabetes patients with similar ini-
tial levels compared to those of the subjects of this study. More-
over, the two groups of this study educated with different meth-
ods also did not show any significant difference in the decreased 
amount. The HbA1c was declined to 7% or a level recommend-
ed by KDA in both of them. Considering that sulfonylurea was 
reduced by 50% to prevent hypoglycemia in the combination 
group of metformin and sulfonylurea, both of the two groups 
were found to be effective in controlling blood glucose. The rea-
son why the decrease amount of HbA1c was not different be-
tween the two group was considered to be no difference in drug 
therapy, the decreased amount of dietary energy and macro-
nutrient composition. 
  Improvement of dyslipidemia of type 2 diabetes patients 
can decrease the risk of cardiovascular diseases, and ADA’s first 
goal for management of dyslipidemia was to reduce LDL-C 
[4]. Yu-Poth et al. [22] reported that in meta-analysis meals 
following The National Cholesterol Education Program (NCEP) 
step I and step II declined LDL-C by 15 to 25 mg/dL in patients 
without diabetes and Barnard et al. [23] revealed that meals fol-
lowing recommendations of ADA decreased LDL-C by 3.4 mg/
dL in type 2 diabetes patients. Although LDL-C of only the 
ExM groups was reduced by 10.6 mg/dL, the difference be-
tween the two groups was not significant. When Koreans with 
type 2 diabetes patients had meals following guidelines recom-
mended by KDA, the decreased amount of LDL-C was found 
to be similar with that shown in a study of Barnad et al. and 
both of the two groups recorded less than 100 mg/dL or a level 
recommended by ADA [4,23]. The reason why the level was 
not significantly decreased in 12 weeks was thought to be be-
cause initial LDL-C was not high enough to produce additional 
decrease, and the reason why the levels of the two groups were 
not different was considered to be because the rates of patients 
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taking lipid-lowering agent were not different between the two 
groups and their fat intake and total cholesterol intake were 
not largely different between them using different education 
methods.
 This study was a random designation study comparing effects 
of small rice ball-based rice intake control on BW, blood glu-
cose and lipid with those of traditional ExM with obese Kore-
ans with type 2 diabetes taking high-CHO diet, and it was mean-
ingful to investigate self-management meal plan which could 
replace food exchange based meal plan. Nevertheless, future 
studies are needed to compare effects of education with obese 
patients with different knowledge levels, gender and age and 
using different therapies. In particular, this study had limita-
tions that it examined only women who took relatively more 
CHO and followed further management relatively well, that 
many of the subjects took metformin because they were limit-
ed to be obese patients and that it did not show clinical out-
comes of various groups by limiting to a group using only met-
formin and a group using combination of metformin and sulfo-
nylurea to evaluate the effect on BW and blood glucose.
 Moreover, a low frequency of using the bowl recording 57.4 
± 21.7% was another limitation of this study. However, accord-
ing to a study of Ahn et al. [24] analyzing compliance of use of 
a bowl and factors hindering it, 11.1% of the subjects said that 
they did not use it because they learned the concept of the 
amount of foods fully through their experience of using it. Al-
though this study did not examine specific reasons of the low 
frequency, the same reason was said. In addition, the study pe-
riod of this study included summer vacation period when per-
sons ate out usually so that the frequency could be observed to 
be low. The finding of this study that the effects of small rice 
bowl-based meal plan showed similar effects on EI, nutrient 
intake, BW, blood glucose and lipid control compared to those 
of food exchange-based meal plan despite the low frequency, 
suggested its possibility as one of clinically useful meal plans.
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