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Standards of Medical Care in Diabetes—2015

Eating patterns and 

macronutrient

distribution

Evidence suggests that there is not an ideal percentage of calories from
carbohydrate, protein, and fat for all people with diabetes B; therefore,
macronutrient distribution should be based on individualized assessment
of current eating patterns, preferences, and metabolic goals. E

B, E

Carbohydrate amount and available insulin may be the most important
factors influencing glycemic response after eating and should be
considered when developing the eating plan.

A

Monitoring carbohydrate intake, whether by carbohydrate counting or
experience-based estimation, remains critical in achieving glycemic
control.

B

Carbohydrate intake from vegetables, fruits, whole grains, legumes, and
dairy products should be advised over intake from other carbohydrate
sources, especially those that contain added fats, sugars, or sodium.

B



Q. Adequate carbohydrate 

distribution(amount)?



FOCUS in glucose control



[Method]
1. 162 Type 2 diabetes, Canada, 12months
2. High GI(●) : 46.5% carbohydrates, 30.8% fat, 

20.4% protein
Low GI(○) : 51.9% carbohydrates, 26.5% fat, 

20.6% protein
Low CHO(▲) : 39.3% carbohydrates, 40.1% fat, 

19.1% protein

[Result] 
: no significant difference in HbA1c with the 
different diets

RCT

Wolever et al, Am J Clin Nutr:2008;87(1):114-25.



RCT

Haimoto et al, Diabetes Res Clin Pract. 2008;79(2):350-356

[Method]
1. 133 Type 2 diabetes, Japan, 24months
2. CARD, carbohydrate-reduced diet : 45% carbohydrates, 33% fat, 18% protein

CD, conventional diet : 57% carbohydrates, 26% fat, 16% protein

[Result] 
: 2-year follow-up period, HbA1c levels were significantly improved in the CARD group 

(P < 0.001)



[Method]
1. 105 Type 2 diabetes with overweight, USA, 12months
2. Low-carbohydrate diet : 33.4% carbohydrates, 43.9% fat, 22.7% protein

Low fat diet : 50.1% carbohydrates, 30.8% fat, 18.9% protein

[Result] 
: There was no significant change in A1C in either group at 1 year

RCT

Davis et al, 
Diabetes Care;
2009;32(7):1147-
52



[Method]
1. 1,173 Type 2 diabetes, Japan

[Objective] 
: clarify the correlation between the PFC energy ratio and glycated hemoglobin A1c (HbA1c)

[Result] 
: the four quartiles divided by HbA1c levels, there were no significant differences 
in carbohydrate ratio.

Cross-
sectional

Kamada
et al, 
Geriar
Gerontol
Int. 2012;
41-49



Kirk et al, J Am Diet Assoc,2008;108(1):91-100

[Method]
1. 13 RCT+two-arm&single-arm trials, 2. Type 2 diabetes

[Objective]
: to evaluate the effects of carbohydrate in diabetes pt. to control blood glucose

[Result] 
: show that hemoglobin A1c, fasting glucose improved with lower carbohydrate-content 

diets

Meta



[Method]
1. 15 randomized trials, 2. Type 2 diabetes, 4. LFHC(58/24/20), HFLC(40/40/20)
[Objective] 
: to elucidate the effect of replacing dietary fat with carbohydrate 

[Result] 
1. A1C, FPG not differ significantly 
2. the LFHC diet significantly increased fasting insulin compared with the HFLC diet

Kodama et al, Diabetes Care,2009;32(5):959-65

Meta



[Method]
1. 9 RCTs with interventions lasted 6≥ mo, 2. Type 2 diabetes

[Objective] 
: assessed the effect of low-carbohydrate diet on glycemic control

[Result] 
: Meta-regression analyses show that hemoglobin A1c improved with lower 

carbohydrate-content diets [-0.12%(P=0.04)]

Ajala et al, Am J Clin Nutr, 2013;97:505–16Meta



Q. Adequate carbohydrate distribution(amount) ?

Difficulty, 1) confounding factors : wt.loss, medication change

2) altering the level of one macronutrient affects 

the proportion of other macronutrients

3) the lack of standardized definition for

“low carbohydrate diet”

Conclusion, 1) the ideal carbohydrate distribution(amount) 

is confusing

2) so, carbohydrate intake should be individualized

but, free carbohydrate intake is not a right 

solution



저탄수화물 섭취가

혈당조절에

부정적인 영향을?



Xu et al. Am J Clin Nutr 2013;86:480-487

[Method]
1. 1,284 diabetic American Indians

[Objective] 
: to examine the cross sectional association between macronutrient intake and HbA1c 

[Result] 
: lower carbohydrate intake were associated with poor glycemic control

Cross-
sectional

D. High CHO diet is a good marker of compliant pt.

- Korean vs Western?



Hite et al, Nutr Clin Pract, 2011;26:300-308

For men, the percentage of kcals from carbohydrate

between 1971~1974 and 1999~2000, from 42.4% 

to 49.0%. And for women, from 45.4% to 51.6%

In USA



Oza-frank R et al, J Am Diet Assoc, 2009;109: 
1173-1178

the percentage of kcals from carbohydrate

between 1988~1990 and 2003~2004, 

from 43.1% to 45.7%

In USA, DM Pt.
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1970, 80.8%

1980, 77.7%

1990, 68.7%

2001, 65.8%

2009, 66.4%

from carbohydrate

In Korea



[Method]
1. cross-sectional study of 2,832 type 2 diabetic patients from the Korean National Diabetes 

Program cohort
2. 24 hr dietary recall questionnaire

Kim et al, J Korean Med Sci. 2012;27:1188-1195
In Korea, DM Pt.
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[Method]
1. 83 Type 2 diabetes, USA, 74wks
2. Vegan: 66.3% carbohydrates,

22.3% fat, 14.8% protein
Conventional: 46.5% carbohydrates, 

33.7% fat, 21.1% protein

[Result] 
: HbA1c changes from baseline to 74 wk 

before any medication adjustment were 
-0.40 and 0.01 in vegan and conventional 
diet groups, respectively (P < 0.03)

Barnard et al, Am J Clin Nutr. 
2009 May;89(5):1588S-1596S

RCT D. Carbohydrate quality?

- Glycemic index, Dietary fiber ..etc



Standards of Medical Care in Diabetes—2015

Eating patterns 
and 
macronutrient
distribution

Substituting low glycemic load foods for higher glycemic load 
foods may modestly improve glycemic control. C

Individuals at high risk for type 2 diabetes should be encouraged 
to achieve the U.S. Department of Agriculture recommendation for 
dietary fiber (14 g fiber/1,000 kcal) and to consume foods 
containing whole grains (one-half of grain intake).

B



Rivellese et al. 
Curr Atheroscler Rep. 
, 2012;14:563–569

Glycemic index : 50 g의 탄수화물을 포함하고 있는 식품을 섭취한 후 2시간 동안의 혈당
반응 곡선의 면적을 50 g의 탄수화물을 포함하고 있는 포도당이나 흰빵을 섭취했을 때
와 비교하여 백분율로 표시한 값

Glycemic load : Glycemic index에 양적 개념을 더한 것으로 식품의 1회 섭취 분량
에 함유되어 있는 탄수화물양을 고려하여 혈당반응을 계산한 지표



RCT

[Method]
1. 121 T2DM, Toronto
2. High Wheat
Fiber Diet(GI=82), 
Low-GI Legume 
Diet group(GI=66)

3. 3 months, 7-day food 
records

[Result]
1. The relative reduction 

in HbA1c after the low-GI
legume diet was greater
than after the high wheat 
fiber diet by −0.2%

Jenkins et al. Arch Intern Med. 2012;172(21):1653-1660



[Method]
1. 7 randomized controlled trials at least 4 weeks, 2. type 1 or type 2 diabetes

[Result] 
1. significant decrease in HbA1c(-0.43%) with low-GI diet than with the control diet

Thomas et al, Br J Nutr 2010;104:797-802

Meta



Ajala et al. Am J Clin Nutr 2013;97:505–16

[Method]
1. 3 randomized controlled trials at least 6 month, 2. type 2 diabetes
[Objective] 
:

[Result] 
1. -0.14% decrease in HbA1c in subjects who consumed low-GI compared 

with control diets

Meta



2015 ADA 2011 ADA

Substituting low glycemic load 
foods for higher glycemic load 
foods may modestly improve 
glycemic control.

C

For individuals with diabetes, the 
use of the glycemic index and 
glycemic load may provide a 
modest additional benefit for 
glycemic control over that 
observed when total carbohydrate 
is considered alone.

B



Glycemic index or Glycemic load??

Nutrition & Metabolism 2012, 9:79

[Method]
1. 227 obese Japanese 

(the Saku Control Obesity Program)
2. 3-day dietary records

[Result]
1. GI was not associated with HbA1c, 

but GL was positively associated with HbA1c

Cross-
sectional



Eur J Clin Nutr
2014;68:459-63

[Method]
1. 640 type 2 diabetic patients aged 28–75 years, Tehran

[Result] 
1. for the highest vs the lowest quartile of GL was 2.58 for elevated FSG and was 3.05 
for elevated HbA1c
2. GI was not significantly associated with either elevated FSG or HbA1c

Cross-
sectional

Glycemic index or Glycemic load??



· Conclusion

1. ADA 권고 대로, 당지수가 아닌 당부하지수의 개념으로

2. 식품의 생산지, 조리 방법, 함께 섭취하는 식품,

또 환자 개별적 특성에 따라 결과가 달라질 수 있는

당부하지수의 태생적 한계



Nutrients 2010, 2, 1266-1289 

Dietary fiber



[Method]
1. randomized crossover study,
2. ADA diet = total 24 g; 8 g of 
soluble fiber and 16 g of insoluble 
fiber

High-fiber diet = total 50 g; 25 g 
of soluble fiber and 25 g of insoluble 
fiber

3. 6 weeks

[Result]
1. The mean plasma glucose was 
lower when patients completed the 
high-fiber diet than when they 
completed the ADA diet
2. But, not in HbA1c

N Engl J Med 2000;342:1392-8

R Crossover



[Method]
1. 63 type 1 diabetic patients, Naples
2. High fiber(HF) diet= 39.1g/d

Low fiber(LF) diet = 15.0g/d
3. 24 weeks, 7-day food records

[Result]
1. HbA1c was significantly lower 

after the HF diet than after the LF diet

Giacco et al. Diabetes Care 23:1461–1466, 2000

RCT



Post et al.  Am Board Fam Med 
2012;25:16 –23

[Method]
1. 10 randomized trials, 2. type 2 diabetes

[Result] 
1. fiber intervention was more effective on HbA1c than placebo, with an overall reduction 

in HbA1c by fiber of 0.26%

Meta



[Method]
1. 11 randomized controlled trials 
2. patients with diabetes

[Result] 
1. HbA1c absolute values decreased 

by 0.55% in patients who consumed
high-fiber diets as compared to 
control diets

Silva et al. Nutrition Reviews (2013):71(12):790–801

Meta



Kim et al, J Korean Med Sci. 2012;27:1188-1195

In Korea27.2g/d



· Conclusion

1. 현실적인 식이섬유소 섭취량을 고려하면 보충제로 12~23g/d

추가 섭취가 필요

2. 하지만 굳이 보충제로 식이섬유소를 추가 섭취해야 할 정도로

고식이섬유소 섭취가 혈당 조절에 확실히 효과가 있는지 불명확함



Home Take Message

1. 이상적인 탄수화물 섭취%(대량영양소 섭취%) 근거는 없음

2. 탄수화물의 질(glycemic load, 식이섬유소) 또한 위의
부재를 완벽하게 보완해주지 못함

3. 탄수화물 섭취가 특히 많은 한국인은 서양 데이터 기준
으로 특이 케이스임

4. 한국인을 대상으로 한 RCT 연구가 필요함


