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Abstract

Many studies have showed a beneficial effect of dietary fiber from 

delaying glycemic raise and improving blood lipids in type 2 diabetic patients. 

Some studies have showed chromium as a critical cofactor in the action of 

insulin. The aim of the study was to investigate the effect of oat plus 

chromium intake on glycemic responses and lipid profiles in type 2 diabetic 

patients. We assigned 14 patients with type 2 diabetes to follow two diets 

each for eight weeks; a diet containing oat 50 gm/day and chromium 200 

g/day and a diet containing dried rice 50 gm/day. Venous blood samples 

were collected form subjects during the fasting and 120 minutes after 

breakfast at weeks 0, 4, 8. We compared the effects of the two diets on 

glycemic control and plasma lipid concentrations. In the oat plus chromium 

group, the levels of fasting glucose had decreased by 7.5% after 4 weeks. The 

levels of fasting glucose had decreased by 7.3% in the oat plus chromium 

group after 8 weeks. The levels of postprandial glucose had decreased by 

11.5% in the oat plus chromium group after 4 weeks. The levels of 

postprandial glucose had decreased by 10% in the oat plus chromium group 

after 8 weeks. There were significant differences between the oat plus 

chromium group and the dried rice group. The levels of insulin, glycosylated 

hemoglobin were no significant difference between weeks 0, 4, 8. The levels 

of plasma total cholesterol, triglyceride, low-density lipoprotein cholesterol, 

high-density lipoprotein cholesterol were no significant difference between 

weeks 0, 4 ,8 . There were no significant difference between two group on 

lipid levels. As the results that consumption of oat plus chromium could 

improve the glycemic response in type 2 diabetic patients. 
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1979

94 10

46.2% 7.6% 94

1993-1996 1997

19 3.7%

6.3% 45 7.9% 17.3% 65 7.8%

19.6% (Pan et al., 2003) 100

30 2 0.5%

(Chuang et al., 2006)
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(Meyer et al., 2000)

(insulin resistance)

(glucose tolerance) (Hallfrisch et al., 2000)

(Bratten

et al., 1991)

glucose tolerance factor GTF
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( diabetes mellitus DM )

( -cell )

( DeFronzo , 1998 )

( Oberly , 1988 Baynes et al., 1991 )

1979 (National Institute of Health NIH)

(National Diabetes Data 

Group, NDDG) (Type diabetes)

(Type diabetes) diabetes secondary)

(impaired glucose tolerance) gestational

diabetes,GD 1985 ( World Health Organization WHO)

1. (insulin-dependent diabetes mellitus

IDDM)

2. (non-insulin-dependent diabetes 
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mellitus NIDDM)

3. (malnutrition-related diabetes mellitus

MRDM)

4. (gestational diabetes mellitus GDM)

5.

(1)

(2)

(3)

(4)

(5)

     1997 1

(Type 1 diabetes mellitus) 2 ( Type 2 diabetes 

mellitus) (IDDM)

(NIDDM) (ADA, 2001)

1. 1 (Type 1 diabetes mellitus) 

                (1) (immune mediated) 

 (2) (idiopathic)

2. 2 ( Type 2 diabetes mellitus) 
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3.

  (1) : 12

1- (chromosome 12 HNF-1 ) 7

(chromosome 7 glucokinase) 20

4- (chromosome 20 HNF-4 )

(mitochondrial DNA)

(2) :  A (type A 

insulin resistance) Leprechaunism)

Rabson-Mendenhall (Rabson-Mendenhall

syndrome) (lipoatrophic diabetes)

(3) (diseases of the exocrine pancreases) 

: (pancreatitis) /

(trauma/pancreatectomy) (neoplasia)

(cystic fibrosis) (hemochromatosis)

(fibrocalculous pancreatopathy)

(4) (endocrinopathies) :

(acromegaly)  (Cushing syndrome)
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(glucagonoma)

(pheochromocytoma) (hyperthyroidism)

 (somatostatinoma) (aldosteronoma)

(5) : Vactor Pentamidine

(nicotinic acid) (glucocorticoids)

(thyroid hormone) Diazoxide

( -adrenergic agonists) Thiazides Dilantin

( -interferon)

             (6) : (congenital rubella)

(cytomegalovirus)

             (7) :

(Stiff-man syndrome) (anti-insulin 

receptor antibodies)

(8) :

 (Down’s syndrome) Klinefelter (Klinefelter’s

syndrome) Wolfram (Wolfram’s syndrome)

Turner (Turner’s syndrome) Friedreich

(Friedreich’s ataxia) Huntington Huntington’s 

chorea) Laurence-moon-Biedl Laurence-moon-Biedl
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syndrome) Myotonic muscular 

dystrophy) porphria) Prader-Willi

Prader-Willi syndrome)

4. (gestational diabetes mellitus GDM)

2 50

( diabetic 

ketoacidosis, DKA) ( hyperglycemic 

hyperosmolar nonketotic coma, HHNK) 

(

) 1998

11.5% 4.3 (Lin et al., 2001)
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2001

58%(Tuomilehto , 2001)

 Diabetes prevention Program 2.8

58%(Knowler et al., 2002)

1940 1970

1986 2

(Schmidt et al., 

1994)

(Connor et al., 2003)

2000 2 :

1. 10-20% 0.8 /

 0.6 /
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2. 30% 10%

10-15% 300

3. 50-60%

4. 20-35 /

5. 2400-3000 / 2400 /

2000 /

6.

1981 Jenkins

50 50

(Jenkins et al., 1981)

(area under the curve; AUC) 

100

50
=                                              x100 

50

2001

2810 1
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(Buyken et al., 2001) 2004 Hodge

36787 4

(Hodge et al., 2004)

Schulze 91249 8

(Schulze et al., 2004)

(Liu et al., 2000; Frost et al., 1999; Turley et 

al., 1998)
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-1,4

1973

cellulose pentosan lignin glucuronic 

acid Trowell,1994 1994

Lee and Porsky, 1994

1.

Begin et al., 1989

2.

Garcia-Diez et al., 

1996

3.
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pH

Ross and Leklem, 1981

4.

hemicellulose gum

petin mucilages

( : xylose mannose )

Trowell , 1972; Burkitt et al., 

1971 Burkitt

Kushi et al., 1999 2

Montonen et al., 2003

Simpson et al., 
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1981 2001 2 (

50% ) 6 McIntosh and 

Miller, 2001 -glucan

10 -glucan

50 Wursch et al., 1997

B

B1 B2

- -glucan

Tappy 2 35 5 -

50% (Tappy et al., 1996)

- 2

(Braaten et al., 1994) 2

12  (Pick et al., 

1996) 2 -

glycemic response

(Tapola et al., 2005) -glucan

Casiraghi et al., 2006
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- -

(Jenkins et al., 2003)
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(Chromium ) Cr(III) Cr(VI)

( carrier )

0.4-2.5%

GTF glucose tolerance factor

(Han et al., 2003) 2

(Mita et al., 2005)

 ( receptor )

( anabolic reaction ) ( catabolic reaction )

1993 Anderson (

)
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Hellerstein , 

1998 Zavaron et al., 

1989 Mertz Mertze , 1969

2 Morris et 

al., 1988 Anderson

Anderson et al., 1990 ; 1997 Davis 2

Davis et al., 1997

1989 RDA

50 μg

50~200 μg (Dietary Reference 

Intakes, DRIs)

Rabinowitz 2 150 μg

(Rabinowitz et al., 1983) Mossop

600 μg 3 (Mossop , 

1983) 2004 50 μg 2

(Sharafetdinov et al., 2004)
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35-70 2 14 7 7

95 2 15 95 5 22

2
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20

8

24

350cc

3-5 0 4

8
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(body mass index

BMI)

(Tanita;TBF-531A)

( )/ ( ) 2
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10

2

TOSOH 

G7 Toshiba C8000

(

) EDTA NaF

300 rpm 10 :

1. glucose

HK.G-6-PD.NADP

                 Hexokinase 
    Glucose + ATP                   Glucose-6-phosphate + ADP 

     Glucose-6-phosphate Dehydrogenase 
   Glucose-6-phosphate + NADP+ 6-phosphogluconic acid +  

NADPH 

2. (Insulin) 

 (radioimmunoassay kit)
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3. (Glycosylated Hemoglobin,HbA1C)

(Cation-exchange High 

performance Liquid Chormatography)

column N

: A1a A1b HbF L-A1 A1c A0

column 415nm

peak total area peak total area

A1c(%) = A1c area/total area 

4.

(1) (Triglyceride):

glycerol kinase (GK) glycerophosphate oxidase  

(GPO)horseradish peroxidase 3,5-dichloro-2-hydroxylbenzee-sulfonic 

acid(DHBS) 4-aminoantipyrine

520nm

Triglyceride + H2O    glycerol + fatty acids 
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Glycerol + ATP-  glycerol-3-phosphate+ADP 

Glycerol-3-phosphate + O 2  dihydroxyacetone phosphate+ H2O2

2H2O2 + 4-aminophenazone+ 4chlorophenol

quinoneimine+HCl+4 H2O

(2) (Total cholesterol) 

(cholesterol esterase)

(cholesterol ester)

(cholesterol oxidase) (cholest-4-3-one)

4-aminoantipyrine (phenol)

quino-neimine 520nm

   Cholesterol-ester + H2O   Cholesterol + fatty acids 

   Cholesterol + O 2 Cholest-4-3-one + H2O2

2H2O2+phenol +4-aminoantipyrine  quinoneimine+H2O

(3) (Low density lipoprotein cholesterol,LDL-C)

520nm

   LDL + H2O    Cholesterol + fatty acids 

   Cholesterol + O 2  Cholesterone + H2O2

2H2O2+4-AA+HSDA+H3
+O  Blue purple pigment+5H2O

(4) (High density lipoprotein cholesterol ,HDL-C) 
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(cholesterol esterase) (cholesterol

oxidase) (LDL-C) 

(VLDL-C) (chylomicron)

LDL-C VLDL-C chylomicron HDL-C

LDL-C VLDL-C chylomicron HDL-C

HDL-C 600nm

5. (Blood urea nitrogen,BUN) 

Urease-GLDH (Urease)

(glutamate dehydrogenase;GLDH -ketoglutaric acid

NADH glutamic acid NAD+ 340nm NADH

urea N

                   Urease 
     Urea + H2O    2NH3 + CO2

GLDH
     NH3 + -ketoglutaric acid + NADH + H+         glutamic acid +  

H2O+NAD+

urea N

6. (Creatinine)
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Jaffe

(Picric acid) - 560nm

Creatinine + Picric acid  Creatinine-Picrate complex(red) 

7. (Uric acid) 

Uricase,Peroxidase 

allantoin 4-aminoantipyrine(4-AAP)

3,5-dichloro-2-hydroxyl-benzene sulfonate(DCHBS)

1:25 520nm

uric acid + O 2 + H 2O Allantoin + H2O2 +CO2

H2O2 + 4-AAP + DCHBS  Quinoneimine + H 2O

8. (Aspartate aminotransferase, AST) 

JSCC(Tris buffer) 

L-Aspartic acid + 2-oxoglutaric acid       oxaloacetic acid + 
          L-glutamic acid 

Malate dehydrogenase 
      oxaloacetic acid + NADH                 malic acid + NAD+
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9. (Alanine aminotransferase, ALT) 

L-Alanine + 2-oxoglutaric acid       Pyruvic acid  +  L-glutamic acid 

          Lactate dehydrogenase 
Pyruvic acid + NADH                     Lactic acid + NAD+



28

24

24
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 Microsoft Excel means SD

paired t test unpaired t test 2

p<0.05
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16 2

14

54.8 9.3 51.1 5.7

BMI 63.5 11.0 25.5 2.8 / 2

32.5 6.4% ; BMI

70.7 11.4 28.1 3.4 / 2 37.9 6.8%
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8 62.8 10.8

69.8 11.4 8

BMI 25.5 2.8

/ 2 28.1 3.4 / 2 8

BMI 25.2 2.7 / 2 27.7 3.6 / 2

32.5 6.4% 

37.9 6.8% 8 30.6 5.5%

36.7 7.6% 8

(P<0.05)
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0 4 8 24

0 1605 318

54.0 16.4

62.6 16.6 200 42.7 19.7 1.6 ;

13.2% 35.1% 49.9% 1699 328

62.3 17.0

67.9 11.2 201.1 40.6 19.4 2.1 ;

14.5% 36.1% 47.3% 8

1574 260

60.7 13.3 57.6 11.0 196.3 38.1 24.2 1.5

; 15.1% 32.5% 50.4% 8

1683 291

62.3 16.2 63.4 10.5

207.7 32.7 19.5 1.8 ;

14.6% 33.9% 49.5% 2

4 8
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0 4 8

1.

4 159.3 39.3

mg/dL 147.3.0 31.6 mg/dL 7.5% p=0.07 8

147.7 35.0 mg/dL 7.3% p=0.137

4 8

2.

4 194.9 40.2

mg/dL 172.4 50.8 mg/dL 11.5% p=0.066 8

175.3 23.6 mg/dL 10% p=0.129

4 8

3.

p=0.275 13.9 3.9 IU/mL 20.8 14.6 IU/mL

4 8
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4.

7.3 0.7% 7.2 0.8%

4 8
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0 4 8

1. TC

TC

171.6 17.2 mg/dL 187.1 39.9 mg/dL 4 8

TC

8 TC

172.3 14.2 mg/dL 195.6 40.0 mg/dL

2. TG

TG

102.9 36.9 mg/dL 157.3 55.6 mg/dL p<0.05

8 TG 124.1 67.5 mg/dL

174.3 75.7 mg/dL 21.2 mg/dL 17 mg/dL 2

3. LDL-C

LDL-C

108.1 22.4 mg/dL 113.3 32.1 mg/dL 8
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LDL-C 100.7 21.8 mg/dL 118.1 35.4 

mg/dL 6.8% 1.0% 2

4. HDL-C

0 4 8 HDL-C

HDL-C 45.4 11.6

mg/dL 46.9 14.6 mg/dL 3.3%

HDL-C 42.3 9.7 mg/dL 43.7 8.4 mg/dL
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0 4 8 AST ALT

AST ALT

40 IU/L
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0 4 8 BUN

creatinine BUN

creatinine

BUN

8

8 mg/dL
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0.7

0.9 ; 1.9% 1.2%

1.6% 3%

2

;

2

4 8

2

49.9% 47.3%

2000 50-60%

13.2% 14.5% 8
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15%

2

(Khan et al., 1992; Westphal et al., 1990; Gannon et 

al., 1992; Nuttall and Gannon, 1991)

30% 10%

35.1%

36.1% 8 33.4% 33%

14 11

20-35

19.7 19.4

4.95
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4

7.5% 8

7.3% 4 11.5%

8 10% 4 8

Evans 1989 Ghosh 2002

200 g 2

(Evans , 1989; Ghosh et al., 2002 )

200 g

8

120 1998

7.0% 7.9%

12% 10%

6%(Turner et al., 1998)
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4 8

Lee 1994 30

200 g 2 Ravina

200 g (Ravina et al.,1999)
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LDL-C Simpson et al., 1979; Lousley et al., 1984

Simpson et al., 

1981

; 7 -hydroxylase

(Garcia-Diez et al., 1996)

8

6.8%

3.3% TG 20.6%

1999 Anderson

8

8.9% 13% (Anderson et al., 1999)

200
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mg/dL 130 mg/dL

Uusitupa 1983 Ghosh 2002 2

200 g 6 3

(Uusitup et al., 1983; Ghosh et al., 2002) 1997 Anderson

2 1000 g

4 (Anderson et al., 1997) 200 g

2
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4

7.5 % 8 7.3 % 

4 11.5 % 8 10.1 %

4 8

2
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Table1.Composition of the oatmeal 

100

      347

 12.5

 7.3

  69.4

 4.4

 9.9

-  5

 400 
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1

Table 2. Characteristics of study subjects before supplementation1

 7 7 

 54.8 9.3 51.1 5.7

 157 7 158 6

 63.5 11 70.7 11.4

1 means SD
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1

Table 3. Change in body weight body mass index body fat of study subjects1

2

   

0 63.5 11.0a 70.7 11.4

4 63.4 11.0 a  70.7 11.4

8 62.8 10.8 b  69.8 11.4

/ 2

    

0 25.5 2.8  28.1 3.4

4 25.4 2.8  28.0 3.4

8 25.3 2.7  27.7 3.6

(%)    

0 32.5 6.4 a 37.9 6.8

4 31.6 5.5 a 36.7 7.6

8 30.6 5.5 b 36.7 7.6
1Data are expressed as means  SD. 
2 0 4 8
a,b
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1

Table 4. Average daily intake of energy, protein, fat, carbohydrate, dietary 
fiber1

2

n=7 n=7

    

 0 1605 318 1699 328

 4 1578 283 1659 289

 8 1574 260 1683 291

 0 54.0 16.4a 62.3 17.0

 4 60.9 16.3 b 61.3 15.7

 8 60.7 13.3 b 62.3 16.2

    

 0 62.6 16.6 67.9 11.2a

 4 58.9 11.0 63.3 9.8 b

8 57.6 11.0 63.4 10.5 b

   

0 200 42.7 201.1 40.6

4 194.1 40.7 203.9 36.8 

8 196.3 38.1 207.7 32.7 

   

0 19.7 1.6 a 19.4 2.1

4 24.3 1.4 b* 19.4 1.9

8 24.2 1.5 b* 19.5 1.8 
1 means SD
2 0 4 8
a,b
*
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1

Table 5. Serum glucose, insulin and glycosylated hemoglobin (HbA1c) levels 
of study subjects1

3

Glucose (ac)2 (mg/dL)    

0 159.3 39.3 180.9 34.5

4 147.3 31.6* 196.9 29.2

8 147.7 35.0* 196.4 22.7

Glucose( pc)(mg/dL)    

0 194.9 40.2  271.7 110

4 172.4 50.8* 272 54.6

8 175.3 23.6* 267.1 26.3

insulin (uIU/mL)    

0 13.9 3.9 20.8 14.6

4 19.5 17.4 18.0 8.7

8 17.0. 7.0 20.9 12.5

HbA1c 2 (% of Hb)    

0 7.3 0.7* 8.4 1.3

4 7.3 0.7* 8.3 1.1

8 7.2 0.8* 8.8 1.4
1Data are expressed as means SD.
2 Glucose(ac) Glucose(pc) insulin
HbA1c glycosylated hemoglobin
3 0 4 8
*
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1

Table 6. Serum lipid profile of study subjects1

3

TC2 (mg/dL)    

0 171.6 17.2 187.1 39.9

4 167.9 20.2 189.7 41.0

8 172.3 14.2 195.6 40.0

TG 2 (mg/dL)    

0 102.9 36.9* 157.3 55.6

4 119.4 41.9 174.4 71.9

8 124.1 67.5 174.3 75.7

LDL-C 2 (mg/dL) 

0 108.1. 22.4 113.3 32.1

4 98.3 30.9 113.1 30.8

8 100.7 21.8 118.1 35.4

HDL-C 2 (mg/dL)    

0 45.4 11.6 42.3 9.7

4 45.9 12.5 41.9 9.8

8 46.9 14.6 43.7 8.4
1Data are expressed as means  SD. 
2 TC HDL-C TG LDL-C

3 0 4 8
*
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1

Table 7. Effect of dietary oat plus chromium on liver function in subjects1

2

AST (IU/L)    

0 27.1 13.7 28.5 15.5

4 25.1 7.3 27.8 15.1

8 25.1 9.2 26.2 10.9

ALT (IU/L)    

0 27.0 10.0 25.1 12.9

4 27.4 10.7 24.2 14.5

8 26.2 10.7 24.0 11.8
1Data are expressed as means  SD. 
2 0 4 8
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1

Table 8. Effect of dietary oat plus chromium on renal function in subjects 1

3

BUN 2 (mg/dL)    

0 13.9 4.4 16.2 5.7

4 14.0 4.0 16.9 7.1

8 14.2 3.9 19.8 7.3

Creatinine 2 (mg/dL)    

0 0.7 0.3 0.8 0.2

4 0.7 0.3 0.8 0.2

8 0.8 0.2 0.9 0.2

Uric acid 2 (mg/dL)    

0 5.3 1.1 a 5.8 1.5 a

4 5.2 1.4 a 5.8 1.6 a

8 5.8 1.4 b 6.4 1.7 b

1Data are expressed as means  SD. 
2 BUN Creatinine Uric acid
3 0 4 8
a,b


