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Abstract

The importance of dietary intake in the treatment of type 2 diabetes was emphasized. This study was performed to investigate the dietary intakes
of Korean type 2 diabetes patients according to the treatment and duration of diabetes and to examine the relationships between their diet and
serum lipid profiles. The subjects were 111 type 2 diabetic patients who were treated by medical nutrition therapy only, oral hypoglycemic agents
(OHA), or insulin with medical nutrition therapy. Dietary intake was assessed by a registered dietitian using semi-quantitative food frequency questionnaires
Comparisons according to treatment type were made using covariance analyses. General linear models identified the independent effects of the different
treatments after covarying for age, duration of diabetes, and 2-way interactions. There were no significant differences in age and BMI but was
in duration of diabetes according to treatment type in these subjects. Carbohydrate to energy ratio was higher in the OHA group (P <0.05), whereas
the fat to energy ratio was higher in the insulin group for males (P <0.05). Carbohydrate (R2 =0.24, P=0.005) and fat (R2:0.26, P=0.02) to
energy ratios were independently associated with the duration of diabetes after covarying for age, sex, treatment, and 2-way interactions. The levels
of triglyceride (TG; R*=0.32, P=0.02) and total cholesterol (TC) were associated independently with energy intake and the carbohydrate R*=
0.15, P=0.02) and fat (R>=0.15, P=0.01) to energy ratios, respectively. The concern that the independent association of dietary intake with either
duration of diabetes or dietary factors affects blood lipid levels could suggest that specific dietary recommendations may work better for identifiable
groups of diabetes patients.
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Introduction with diet therapy alone [7]. When the target glycemic control

level is not achieved after 2-3 months of MNT, pharmacotherapy

The prevalence of diabetes in the world was estimated to be
2.8% in 2000 and 4.4% in 2030 [1]. In Korea, diabetes is a
major chronic disease, and its incidence has risen dramatically.
The mortality rate due to diabetes from 1995 to 2005 increased
2-fold in Korea [2]. The main cause can be attributed to obesity
stemming from changes in Korean dietary patterns [3]. The intake
of fat and animal foods has increased remarkably [4].

Dietary intake plays a role in both the origin and treatment
of diabetes. Medical nutrition therapy (MNT) is a basic treatment
for diabetes that aims to reduce body weight and help optimize
metabolic control [5]. Fasting glucose levels fall rapidly within
the first 3 to 14 days of diet therapy, and as little as a 5%
reduction in body weight may be associated with significant
improvements in glycemic control [6]. However, only 15% of
patients can achieve and sustain a normal fasting glucose level

is considered [8]. Even during pharmacotherapy or the insulin
treatment period, MNT is important for controlling one’s body
weight and metabolism. Many studies have examined the
relationship between diet and drug interactions in diabetes [9,10].

Much controversy exists about the relationship between the
amount and types of dietary fat and carbohydrates and the risk
for diabetes. There are no clear recommendations on the appropriate
macronutrient composition for reducing risk for diabetes.
Increased energy intake is most likely to blame for insulin
resistance through the production of obesity. As such, energy
restriction may be the best nutritional approach for the treatment
of insulin resistance. Intake of dietary fat, particularly saturated
fat, appears to be associated with insulin resistance and may
predispose oneself to the development of diabetes [11,12]. Diets
high in monounsaturated and polyunsaturated fatty acids were
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shown to have beneficial effects on glucose control and insulin
sensitivity relative to low-fat, high-carbohydrate diets [13,14].
However, other studies suggested that there is no association
between increased risk for type 2 diabetes and total dietary fat
intake or intake of specific types of fatty acids [15]. The role
of dietary carbohydrates in insulin resistance has been debated.
Samaha et al. [16] reported that low-carbohydrate diets improved
insulin sensitivity. But, there is no association between total
carbohydrate intake and diabetes risk [17-19], and other studies
reported that total carbohydrate intake is inversely related to
HOMA-IR [20].

Current dietary guidelines are recommended for the general
population, but emerging evidence suggests an individualized
approach involving MNT in accordance with the specific
conditions. MNT for Korean individuals with diabetes mellitus
involves treatment using dietary choices that consider Korean
dietary patterns, treatment, and duration.

In this study, we aimed to investigate the dietary intake of
Korean patients with type 2 diabetes according to treatment type
and duration and examine the effects of changing dietary intakes
on the metabolic risk for diabetes.

Subjects and Methods

Protocol and subjects

The subjects were type 2 diabetes patients treated with medical
nutrition therapy (MNT group) alone, oral hypoglycemic agents
(OHA group), or insulin (combination therapy or single therapy;
insulin group) in addition to MNT. The subjects with diabetes
were treated at Kyung Hee Medical Center. We investigated each
subject’s family history of diabetes, disease duration, treatment
method, and medication via interview with a questionnaire. Blood
pressures were also measured. Subjects were excluded if they
had abnormal renal or liver function or had gastrointestinal
disease. The protocol and consent forms for the study were
approved by the ethics review board of the Kyung Hee Medical
Center, and each volunteer was informed about the study and
agreed to participate by reading and signing the approved consent
form.

Anthropometric measurements and dietary assessment

Body weight was measured to the nearest 0.1 kg and height
to the nearest 0.1 cm using an appropriately calibrated scale and
stadiometer. BMI and percent of ideal body weight (PIBW) were
calculated. Subjects’ dietary intakes were assessed by a well-
trained registered dietitian using semi-quantitative food frequency
questionnaire (SFFQ). The SFFQ was validated in a pilot study
carried out with 20 men and women who visited the hospital
for health screening. The SFFQ was compared with a 3-d diet
record and was shown to provide a reasonable measure. Each

subject was asked to report their usual frequency of consumption
and usual portion size over the past year. The frequencies of
consumption were measured on a 9-grade scale: never, 1 time/mo,
2 times/mo, 1 time/wk, 3 times/wk, 5 times/wk, 1 time/d, 2
times/d, and 3 times/d. During the interview, food models and
reference utensils were shown to the subjects so that they could
estimate portion size. Nutrient intake based on this information
was calculated from food-composition tables in Korea [21]. Daily
nutrient intake was calculated by multiplying the nutrient content
of the specified portion of each food item by the frequency of
its daily consumption and summing all the items.

Blood sampling and biochemical assessment

Blood samples were drawn in the morning after fasting
overnight and were centrifuged to obtain plasma, which was
stored at -70C until analyzed. Plasma concentrations of glucose,
triglycerides (TG), and total cholesterol (T-Chol) were analyzed
by a Reflotron System (Boehringer Mannheim, Germany). High
density lipoprotein cholesterol (HDLC) was analyzed by an
enzymatic method after precipitation with phosphotungstate and
magnesium cation. Hemoglobin Alc (HgAlc) was measured
using a Hematology Analyzer (IMX, USA) with micro-particle
enzyme immunoassay kit (Astx-shield CO., Norway). Contents
of low density lipoprotein cholesterol (VLDLC) and low density
lipoprotein cholesterol (LDLC) were calculated by Fridewald
calculation.

Statistical analysis

Group data are presented as means + SD. Comparisons between
treatment types were made by analyses of covariance. A P-value
<0.05 was chosen as the level of significance. General linear
model (GLM) was used in the analyses to identify independent
associations of dietary intake after covarying for age, treatment,
sex, and duration, on metabolic risk factors. Independent effects
of duration on dietary intake were identified after adjusting for
age, sex, treatment, and 2-way interactions. Model coefficients
were tested for significance. Residuals from the GLM were
checked for normality. All analyses were performed with SAS
9.1 for Windows (SAS Institute Inc, Cary, NC).

Results

General characteristics of subjects

The subject characteristics are presented in Table 1. There were
no differences between the treatment groups according to age,
weight, height, body mass index (BMI), and percent of ideal body
weight (PIBW). The percentage of BMI higher than 23, which
is the cutoff for being overweight in Korea, was 68.5%, and
the percentage of BMI higher than 25, which is the cutoff for
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Table 1. General characteristics of subjects

MNT OHA INS
(n=19) (n=42) (n=12)

Gender (male% / female%) 55/45 51/49 26/74
Age (yrs) 544+130  56.9+129 56.5+6.9
Duration (yrs) 27+50° 6.7+7.3% 11.2+85°
Weight (kg) 63.9+11.3 651113 64477
Height (cm) 161.2+8.0  161.7+87 159.4+7.0
BMI (kg/m?) 244428 248+3.0 254+3.0
PIBW (%) 1134126 1153+139 1196157

Values are means + SD.

Values with different superscript letters are significantly different at ~< 0,05,
MNT, medical nutrition therapy only; OHA, oral hypoglycemic agent treatment in
addition to MNT; INS, insulin treatment in addition to MNT; BMI, body mass index;
PIBW, percent of ideal body weight

obesity in Korea, was 40.5% in Korean individuals with diabetes.
The duration of diabetes was the longest in the insulin group
and shortest in the MNT group.

Daily dietary intake according to treatment type

Daily energy and nutrient intakes are presented in Table 2.
Energy intakes were almost identical among the three groups.

Table 2. Daily energy nutrient intakes according to treatment type

For the men, there was an independent association between
treatment type and carbohydrate and fat percentage of total
energy intake. OHA group had a higher carbohydrate percentage
of total energy intake, whereas the insulin group had a higher
fat percentage of total energy intake. For the women, there was
no significant difference between the groups.

Independent association of duration with carbohydrate, protein,
and fat percentages of total energy intake

Using a general linear model, the relationship between duration
and carbohydrate, protein, and fat percentages of the total calorie
intake was assessed (Table 3), and the significance of each
covariate (age, treatment, sex, and treatment-by-sex) was tested.
Independent associations were observed for duration with
carbohydrate and fat percentages of total energy intake.
Carbohydrate percentage of the total energy intake decreased
(-0.3% per 1 year of diabetes duration), whereas the fat
percentage of total energy intake increased with duration of
diabetes (0.3% per 1 year of diabetes duration; Fig. 1). No
independent associations were found for duration with protein
percentage of total energy intake.

Male Female

MNT (n=10) OHA (n=21) INS (n=3) MNT (n=9) OHA (n=21) INS (n=9)
Energy (kcal) 2,517.7 £ 868.2 2,443.1+715.4 2,194.2+489.0 1,995.0 + 377.6 1,926.6 +477.2 1,711.6 £+ 283.9
CHO (g) 351.4£109.6 379.0+89.6 284.5+62.7 332.2+79.0 313.7+83.0 283.2+57.3
Protein (g) 61.7+11.4 70.3+9.6 65.5+14.7 65.4+11.6 63.4+11.6 59.9+7.7
Fat (g) 65.8+31.0 56.0 +£25.0 63.5+5.7 449127 45.0+16.9 35.0+7.3
CHO : Pro : Fat (E %) 63% : 11: 26 66° : 12 : 22 58°: 13 : 29 67 : 13 : 20 66 : 13 : 21 67 : 14 : 19
Alcohol (Kcal) 84+11.0 4172 9.1+96 0.0+£0.0 07+18 0.2+0.7

Values are means = SD,
Values with different superscript letters are significantly different at ~< 0,05,

MNT, medical nutrition therapy only; OHA, oral hypoglycemic agent treatment in addition to MNT; INS, insulin treatment in addition to MNT; CHO, carbohydrate; Pro, protein

Table 3. Independent association of duration with carbohydrate, protein, and fat to energy percentage ratios

CHO % Protein % Fat %
Duration -0.3+0.1 (P=0.005) 0.03+0.04 (P=0.47) 0.3+0.1 (P=0.02)
Age 0.1+0.1 (P=0.05) 0.03+0.02 (P=0.21) -0.1+£0.06 (P=0.02)
Treatments* INS : -75+33 INS: 0515 INS : 7035
MNT : -52+21 MNT : -0.5+0.9 MNT : 58+2.2
(P=0.22) (P=0.67) (P=0.25)
Sex** F:-09%1.7 (P=0.005) F :08%0.7 (P=0.13) F :0.1+1.8 (P=0.001)
Treatments x Sex*** INSxF : 10.3+4.0 INSxF : 03+1.7 INSxF : -10.6+4.2
MNT xF : 58+3.0 MNT xF : 0.5+1.3 MNT xF : -6.3+3.2
(P=0.02) (P=0.93) (P=0.02) o
Intercept 61.7+3.2 (P<0.001) 10.7 £1.4 (P<0.001) 27.5+3.3 (P<0.001)
R? 0.24 0.13 0.26
SEE 5.4 2.3 5.7

Using a general linear model, the relationship between duration and carbohydrate, protein, and fat percentages of the total calorie intake was assessed covarying for age,

treatment, sex, and treatment-by-sex,
Values are regression coefficients + SEE (P value),

CHO, carbohydrate; Duration, duration of diabetes; Treatment, the types of treatments; INS, insulin treatment with MNT; MNT, only medical nutrition therapy; OHA, oral

hypoglycemic agents treatment with MNT; F, female; M, male

Adjusted variables were duration, treatments, age, sex, and 2-way interactions analyzed by GLM,

*Dummy codes are 0= OHA,
*Dummy codes are 0= Male,
“*Interaction variable between treatments and sex
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Fig. 1. Comparision of carbohydrate (-0.3% per 1year) and fat percentages
(0.3% per 1 year) from energy with duration of diabetes. CHO: carbohydrate,

Table 4. Clinical characteristics of subjects

MNT OHA INS
(n=19) (n=42) (n=12)

FBG (mg/dL) 184.0+75.3 173.7+66.7 177.3+105.2
PP2 (mg/dL) 193.9+79.4 215.1 £87.0 257.2 £106.2
HbA1C (%) 6.7 £1.9° 73+£14° 84+1.1°
Triglyceride (mg/dL)  216.7 + 136.0° 135.1+68.9° 96.5+43.9°
T-Chol (mg/dL) 191.7 £445 184.6 £40.6 189.6 +37.3
VLDLC (mg/dL) 43.3+27.2° 27.0+13.8° 19.3+8.8°
HDLC (mg/dL) 41.4+11.6° 425+9.6° 52.0+15.6
LDLC (mg/dL) 110.5+36.2 113.5+32.0 126.5+40.1
Hemoglobin(g/dL) 141422 14.0£19 13.9+08
Hematocrit (%) 41.3+6.1 414+5.1 412£24
Total-Protein (g/dL) 7.1+05 6.8+0.6 6.8+0.5
Albumin (g/dL) 43+0.3 41£05 40£05

Values are regression means + SD,

Values with different superscript letters are significantly different at ~< 0,05,
MNT, medical nutrition therapy only; OHA, oral hypoglycemic agents treatment in
addition to MNT; INS, insulin treatment in addition to MNT; FBG, fasting blood
glucose; PP2, postprandial glucose after 2 hours; HoA1c, hemoglobin Alc; T-Chol,
total cholesterol; VLDLC, very low density lipoprotein cholesterol; HDLC, high
density lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol

Clinical characteristics according to treatment type and duration

The mean values of clinical characteristics according to
treatment type are presented in Table 4. There were no
differences in fasting glucose, postprandial 2 hours glucose,
T-Chol, LDLC, hemoglobin, hematocrit, total-protein, and
albumin levels according to treatment type. The levels of HgAlc
and HDLC were higher in the insulin group than the MNT and
OHA groups. However, the level of HgAlc adjusted for duration,
age, and sex was not higher in the insulin group compared to
the other groups. TG and VLDLC levels were higher in the MNT
group than the OHA and insulin groups. HgAlc and LDLC were
independently associated with duration after covarying for age,
sex, and treatment type.

Table 5. Independent association of energy intake or carbohydrate and fat
energy ratios with triglycerides and total cholesterol

Total cholesterol
-0.02+0.01 (P=0.19)
75+3.2 (P=0.02)
8.1+3.1 (P=0.01)
1.3+0.8 (P=0.11)
-0.4+0.4 (P=0.38)

Triglycerides
0.04£0.02 (P=0.02)
CHO percents -

Energy intakes

Fat percents -
Duration -0.5+1.7 (P=0.79)
Age -1.0+0.9 (P=0.28)

Treatments* INS : -22.6+31.7 INS : 1.9+145
MNT : 76.9+25.9 MNT : 10.1 +12.1
(P=0.01) (P=0.71)
Sex* F:-67+238 (P=078) F:25+112 (P=0.82)
Intercept  98.6+740 (P=0.19) - 434312584 (P=0.10)
R? 0.32 0.15
SEE 85.3 40.0

The relationship between dietary intake and metabolic risk factors was assessed
after adjusting for duration, age, treatment, and sex.

Values are regression coefficients = SEE (~ value),

CHO percents, carbohydrate percents from energy intakes; Fat percents, fat
percents from energy intakes; Duration, duration of diabetes; Treatment, the types
of treatments; INS, insulin treatment with MNT; MNT, only medical nutrition therapy;
OHA, oral hypoglycemic agents treatment with MNT; F, female; M, male
Adjusted variables were age, treatments, and sex analyzed by general linear model
(GLM).

*Dummy codes are 0=0HA,

**Dummy codes are 0 =Male,

Independent association of dietary intake with metabolic risk
factors

The relationship between dietary intake and metabolic risk
factors was assessed (Table 5). Independents associations were
observed between calorie intake and TG level, and between
carbohydrate and fat percentages of total energy intake with
T-Chol level after adjusting for duration, age, treatment, and sex.

Discussion

It is recognized that dietary intake is important not only for
the prevention but also the treatment of diabetes. In the current
study on Korean type 2 diabetes patients, we found that the
carbohydrate and fat to energy ratios were different according
to the treatment type (MNT, OHA, and insulin) and duration
of diabetes. In men, carbohydrate percentage of total energy
intake was higher in the OHA group, whereas the fat percentage
of energy intake was higher in the insulin group. Carbohydrate
percentage of energy intake decreased, whereas fat percentage
increased according to duration of diabetes. We also found an
association between dietary intakes with metabolic risk factors
in Korean individuals with diabetes. Energy intake was
independently associated with the level of TG, and carbohydrate
and fat percentages of total calorie intake was associated with
the level of T-Chol. Dietary intake was also critical to metabolism
and treatment of diabetes. Therefore, we speculate that more
specific dietary intake recommendations according to treatment
type and duration could be helpful for treating Korean individuals
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with diabetes.

The characteristics of Korean diabetes are different from
Western diabetes. Insulin resistance in Westerners is complicated
by the coexistence of obesity in 80% of patients with type 2
diabetes [22], but prevalence of obesity in type 2 diabetes was
only 40% in Koreans [23]. In this study, the prevalence of obesity
was 41% of diabetes patients and the total energy intakes were
2,392 kcal and 1,880 kcal in men and women, respectively.
Reduction of energy intake is the most basic principle used in
weight loss and diminishing insulin resistance. Further, reduced
energy intake is associated with acute improvements in glycemic
control, and it has the potential to benefit long-term metabolic
control [24]. The mechanism of glycemic control can be explained
by reduction of hepatic glucose output [S]. However, the contri-
bution of insulin secretion to future weight loss and response
to hypocaloric diets is controversial, and its effects are difficult
to isolate from insulin resistance [25]. Reduced caloric intake
positively affects dyslipidemia. Fifty percent of all diabetic
patients have abnormal plasma lipid and lipoprotein levels, most
commonly elevated triglyceride levels and reduced high density
lipoprotein (HDL) cholesterol levels. TG levels typically fall
maximally within 2 to 4 weeks of hypocaloric therapy, even in
patients who do not show improved glycemic control [6]. In this
study, energy intake was independently associated with the level
of TG. There are needed to investigate the restriction of energy
intake considering 60% of Korean patients with diabetes were
not obese.

The association between dietary fat or carbohydrate content
and insulin resistance is a topic of academic debate [26].
However, there are no clear recommendations on the appropriate
macronutrient composition for reducing metabolic risk factors.
Generally, carbohydrate intake represents 50~60% of the total
caloric amount, and lipids no more than 35%, of Westerners with
type 2 diabetes [27]. In the second edition of the Guidelines for
Diet Therapy for Diabetes in Korea [28], the recommended
intakes of carbohydrates, protein, and fat are 55~60%, 14~20%,
and 20~25%, respectively. In our study, diabetes patients had
58~67% carbohydrate of total energy intake. Especially in the
OHA group, the percentage of carbohydrate intake of the total
energy intake was high.

The Korean traditional dietary pattern, characterized by high
carbohydrate and low fat content, was previously compared with
the Western diet. The average energy composition of the Korean
diet was found to be 64.5% carbohydrates, 15.6% protein, and
20.5% total fat [29]. High carbohydrate intake in the Korean
diet is mainly due to rice intake [30]. Otherwise, low fat intake
can be explained by cooking methods and traditional dietary
patterns, which typically comprise steamed rice, soup, kimchi,
cooked or uncooked vegetables, and roasted or broiled meat or
fish [31]. A higher carbohydrate ratio implies that Koreans with
type 2 diabetes respond differently to acarbose compared to North
Americans and Europeans [10]. The role of dietary carbohydrates
in insulin resistance has been debated. High carbohydrate diets

do not adversely affect insulin sensitivity [32,33]. McKeown et
al. [34] found no association between total carbohydrate intake
and HOMA-IR. Conversely, Lau et al. [20] reported that total
carbohydrate intake is inversely related to HOMA-IR in Danish
men and women. Several epidemiological studies [17-19] found
that total carbohydrate intake is unrelated to fasting insulin and
diabetes risk. In our study, there was no association between
carbohydrates ratio of total energy intake and levels of fasting
glucose, insulin, and HOMA-IR, although carbohydrate of total
energy intake were associated with the level of T-Chol.
Additional research is needed to clarify the long-term efficacy
of carbohydrate restriction in Korean patients with diabetes.

A diet low in fat is commonly recommended for patients with
type 2 diabetes to reduce the risk of atherosclerotic disease and
to treat obesity. High intake of dietary fat, particularly saturated
fat, was shown in some of studies to be associated with reduced
insulin sensitivity [35,36]. In this study, fat percentages were
higher than 25% in the MNT and insulin groups of men.
Considering insulin therapy associated with weight gain [37],
there is a need for additional fat restriction in insulin group. We
also found that according to the duration of diabetes, the
carbohydrate percentage of total energy intake diminished,
whereas the fat percentage of total energy intake increased. And,
fat percentages of total energy intake were associated with the
level of T-Chol in this study. This means that Korean individuals
with diabetes must carefully control their fat intake according
to duration and treatment type.

This study was limited by inadequate dietary assessment, a
small number of subjects, and incomplete control of confounding
variables. Further, dietary intake was influenced by the physical
activity and/or inactivity, for which no independent measures were
acquired. The types of fat, such as saturated fat, polyunsaturated
fat, monounsaturated fat, ingested as well as the glycemic index
influenced metabolic risk factors. Additionally, the presence of
unreported and undiagnosed conditions and dietary intakes that
could affect metabolic risk of diabetes cannot be ruled out.

The independent association of dietary intake with treatment
type and duration suggest that specific dietary recommendations
may work better for identifiable groups of diabetes patients. Thus,
a variety of strategies are needed for improvement of dietary
intake recommendations.

References

1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence
of diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004;27:1047-53.

2. 2005 Statistical results about cause of death. Daejeon: National
Statistical Office; 2006.

3. Kim YO. Dietary patterns associated with hypertension among
Korean males. Nutr Res Pract 2009;3:162-6.

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



162

S.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Type 2 DM treatment and dietary intakes

Bantle JP, Wylie-Rosett J, Albright AL, Apovian CM, Clark NG,
Franz MJ, Hoogwerf BJ, Lichtenstein AH, Mayer-Davis E,
Mooradian AD, Wheeler ML. Nutrition recommendations and
interventions for diabetes-2006: a position statement of the
American Diabetes Association. Diabetes Care 2006;29:2140-57.

. Albu J, Konnarides C, Pi-Sunyer FX. Weight control: Metabolic

and cardiovascular effects. Diabetes Rev 1995;3:335-47.

. Holman RR, Turner RC. Insulin therapy in type Il diabetes.

Diabetes Res Clin Pract 1995;28:S179-84.

. Korea National Diabetes Program (KNDP). Guide for type 2

diabetes treatment. 2008.

. Lindstrém J, Tuomilehto J, Spengler M. Acarbose treatment does

not change the habitual diet of patients with Type 2 diabetes
mellitus. The Finnish Acarbose Study Group. Diabet Med 2000;
17:20-5.

Wolever TM, Chiasson JL, Josse RG, Hunt JA, Palmason C,
Rodger NW, Ross SA, Ryan EA, Tan MH. No relationship
between carbohydrate intake and effect of acarbose on HBAlc
or gastrointestinal symptoms in type 2 diabetic subjects consuming
30~60% of energy from carbohydrate. Diabetes Care 1998;21:
1612-8.

Sanders TA. High-versus low-fat diets in human diseases. Curr
Opin Clin Nutr Metab Care 2003;6:151-5.

Grundy SM, Abate N, Chandalia M. Diet composition and the
metabolic syndrome: what is the optimal fat intake? Am J Med
2002;113:25S-9S.

Hu FB, van Dam RM, Liu S. Diet and risk of Type II diabetes:
the role of types of fat and carbohydrate. Diabetologia 2001;44:
805-17.

Heine RJ, Mulder C, Popp-Snijders C, van der Meer J, van der
Veen EA. Linoleic-acid-enriched diet: long-term effects on serum
lipoprotein and apolipoprotein concentrations and insulin sensitivity
in noninsulin-dependent diabetic patients. Am J Clin Nutr 1989;
49:448-56.

Salmeron J, Hu FB, Manson JE, Stampfer MJ, Colditz GA,
Rimm EB, Willett WC. Dietary fat intake and risk of type 2
diabetes in women. Am J Clin Nutr 2001;73:1019-26.
Samaha FF, Igbal N, Seshadri P, Chicano KL, Daily DA,
McGrory J, Williams T, Williams M, Gracely EJ, Stern L. A
low-carbohydrate as compared with a low-fat diet in severe
obesity. N Engl J Med 2003;348:2074-81.

Ludwig DS, Pereira MA, Kroenke CH, Hilner JE, Van Horn L,
Slattery ML, Jacobs DR Jr. Dietary fiber, weight gain, and
cardiovascular disease risk factors in young adults. JAMA 1999;
282:1539-46.

Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing AL,
Willett WC. Dietary fiber, glycemic load, and risk of non-insulin-
dependent diabetes mellitus in women. JAMA 1997;277:472-7.
Meyer KA, Kushi LH, Jacobs DR Jr, Slavin J, Sellers TA,
Folsom AR. Carbohydrates, dietary fiber, and incident type 2
diabetes in older women. Am J Clin Nutr 2000;71:921-30.
Lau C, Faerch K, Glumer C, Tetens I, Pedersen O, Carstensen
B, Jorgensen T, Borch-Johnsen K. Dietary glycemic index, glycemic
load, fiber, simple sugars, and insulin resistance: the Inter99
study. Diabetes Care 2005;28:1397-403.

Kim ES, Ko YS, Kim J, Matsuda-Inoguchi N, Nakatsuka H,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

Watanabe T, Shimbo S, Ikeda M. Food composition table-based
estimation of energy and major nutrient intake in comparison
with chemical analysis: a validation study in Korea. Tohoku J
Exp Med 2003;200:7-15.

Feuerstein BL, Weinstock RS. Diet and exercise in type 2
diabetes mellitus. Nutrition 1997;13:95-9.

Rhee BD. Epidemiological Characteristics of Diabetes Mellitus
among Korean Population. J Korean Diabetes Assoc 2003;27:
173-8.

American Diabetes Association. Nutrition Recommendations and
Interventions for Diabetes: A position statement of the American
Diabetes Association. Diabetes Care 2007;30:S48-65.

Pittas AG, Roberts SB. Dietary composition and weight loss: can
we individualize dietary prescriptions according to insulin
sensitivity or secretion status? Nutr Rev 2006;64:435-48.
McAuley K, Mann J. Thematic review series: patient-oriented
research. Nutritional determinants of insulin resistance. J Lipid
Res 2006;47:1668-76.

Klein S, Sheard NF, Pi-Sunyer X, Daly A, Wylie-Rosett J,
Kulkarni K, Clark NG. Weight management through lifestyle
modification for the prevention and management of type 2
diabetes: rationale and strategies. A statement of the American
Diabetes Association, the North American Association for the
Study of Obesity, and the American Society for Clinical Nutrition.
Am J Clin Nutr 2004;80:257-63.

Korean Diabetes Association. Korean Treatment Recommendation
for diabetes. 2007.

Korea Centers for Disease Control and Prevention. The Third
National Nutrition Examination Survey (KNHANES III). 2005.
Moon SJ. Rice in the Korean diet: a value system. DACO
Industrial Research Institute symposium on manufacturing techniques
of traditional food utilizing rice. Seoul: DACO Industrial
Research Institute; 1993.

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

Meyer KA, Kushi LH, Jacobs DR Jr, Slavin J, Sellers TA,
Folsom AR. Carbohydrates, dietary fiber, and incident type 2
diabetes in older women. Am J Clin Nutr 2000;71:921-30.
Bessesen DH. The role of carbohydrates in insulin resistance. J
Nutr 2001;131:2782S-6S.

McKeown NM, Meigs JB, Liu S, Saltzman E, Wilson PW,
Jacques PF. Carbohydrate nutrition, insulin resistance, and the
prevalence of the metabolic syndrome in the Framingham Offspring
Cohort. Diabetes Care 2004;27:538-46.

Marshall JA, Hoag S, Shetterly S, Hamman RF. Dietary fat
predicts conversion from impaired glucose tolerance to NIDDM.
The San Luis Valley Diabetes Study. Diabetes Care 1994;17:50-6.
Marshall JA, Bessesen DH, Hamman RF. High saturated fat and
low starch and fibre are associated with hyperinsulinaemia in a
non-diabetic population: the San Luis Valley Diabetes Study.
Diabetologia 1997;40:430-8.

UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). Lancet 1998;352:837-53.





