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Classification of Carbohydrate
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Biologic Significance of Saccharide
Chain Length Questioned

• Consumption of glucose as monomer or polysaccharide (starch) 
produces similar changes in BG and insulin levels.

• No difference in BG response to meals with sucrose compared to 
meals with wheat among individual with and without diabetes.  

Wahlqvist et al. AJCN 1978, 31:1998
Bantle et al. NEJM 1983, 309:7



Consumption of Unprocessed Grain
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Processed Grain
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Refined Starch
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Consumption of Refined Starch
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Thus, the distinction between “simple sugar” and 
“complex carbohydrate” has little biological significance
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The Glycemic Index
A measure of carbohydrate digestion rate

Area under the glycemic curve after consumption of 50 g CHO from test 
food divided by area under curve after 50 g CHO from control food



Glycemic Load
Proposed to characterize the impact of dietary patterns differing 

in macronutrient composition on glycemic response

Average Dietary GI (weighted)
X 

Amount of Carbohydrate Consumed



Secular Trends in Glycemic Index/Load

The glycemic index/load of the US diet has increased 
significantly in adults and children, as a result of the 
increased amount and processing of dietary carbohydrate
- Hu et al.  NEJM 2000, 343:530-7
- Buyken et al. Br J Nutr. 2005, 94:796-803



Does Glycemic Index Affect Hunger 
Over the Short Term?



Macronutrients (% carbohydrate/protein/fat):
40/30/30 64/16/20 64/16/20

Energy density (KJ/g):
2.46 2.52 2.52

55 g  whole egg 63.9 g steel-cut oats 60.9 g instant oatmeal
45 g egg white 160 g 2% milk 160 g 2% milk
40 g lowfat cheese 15 g H & H cream 15 g H & H cream
200 g spinach 16.0 g fructose 19.0 g dextrose
30 g tomato 0.0 g saccharine 0.2 g saccharine
185 g grapefruit 397 g water 397 g water
115 g apple slices

Glycemic Index and Hunger

Low GL Medium GI High GI
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Blood glucose

Ludwig. Pediatrics 1999, 103:e261-6
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Glycemic Index and Hunger
Plasma epinephrine
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Glycemic Index and Hunger
Cumulative food intake
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Does Glycemic Index/Load 
Affect Metabolism?



• 39 obese young adults, age 18 - 40, weight stable � 6 months

• Randomly assigned, parallel design

• Energy restricted Low or High GL diets intended to produced 
10% weight loss over 8 to 12 weeks

• Subjects studied before and after weight loss in GCRC

• 1� endpoint: 
– REE by indirect calorimetry > 10 hr after last meal (no TEF)
– body composition by DXA scan

Body Weight Set-Point
Methods



Effects of Glycemic Load on REE
Change from baseline to end of study
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Pereira, Ludwig. JAMA 2004, 292:2482-90



Effects of Glycemic Load on CVD Risk Factors
Percent change from baseline

RISK FACTOR Low Fat Low GL P

HOMA Insulin Resist. -15.8 -33.9 .01
Triglycerides (mg/dL) 16.2 -3.5 .01

HDL (mg/dL) -8.1 -8.9 .87
LDL (mg/dL) -15 -16.1 .84

CRP (mg/dL) -5.1 -47.7 .03
Systolic BP (mm Hg) -3.1 -6.4 .07
Diastolic BP (mm Hg) -2.5 -6.5 .07
Mean BP (mm Hg) -3.0 -6.5 .04

Pereira, Ludwig. JAMA 2004, 292:2482-90



GI & Body Weight: Exercise Physiology 
DeMarco HM. Med Sci Sports Exerc 1999, 31:164-170

• Protocol

– 10 trained cyclists given low vs high GI meals 30 minutes 
before exercise

– For 2 hr, subjects cycled at moderate effort (70% VO2 max) 

– Then subjects cycled at maximum effort until exhaustion

• Results (low vs high GI)

– During the first 2 hours:
• Perceived exertion lower
• Fat oxidation was greater 

– At maximum effort, time to exhaustion 60% longer



Does glycemic index/load affect 
body weight over the long term?



GI & Body Weight: Epidemiology
Ma. Am J Epi 2005, 161:359-67

• Protocol

– Observational study of 572 adults in Massachusetts

– Diet assessed by 7-day recalls

• Results

– BMI directly associated with GI in both cross-sectional 
and longitudinal analyses (.75 BMI per 5 units GI, p=.01)

– BMI not associated with total carbohydrate



GI & Body Weight: Chronic Effects
Slabber. AJCN 1994, 60:48

• Protocol

– 3 month parallel & cross-over design, 15 obese females

– Intervention: Exchange list meal planning, outpatient

– Dietary prescriptions similar in energy, macronutrients 

• Results (low vs high GI)

– Body Weight: -7.4 vs -4.6 kg, p = .04 (cross-over limb)

– Fasting insulin: -91 vs -21 pmol/L, p = .01 (parallel limb)



GI & Body Weight: Chronic Effects
A 12-month study in adolescents

Methods

• 16 obese adolescents, age 13 - 21 years 

• Intervention:

– Ad lib low GL vs energy-restricted reduced-fat diet

– Total of 14 treatment visits with a dietitian

• Treatment intensity, behavioral approaches, physical activity 
prescription identical between groups 

• Changes in diet assessed by 3 and 7 day food records



Reduced Glycemic Load
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Treatment x time effect: p = 0.05

Ebbeling, Ludwig. Arch Ped Adol Med 2003, 157:773-9

GI & Body Weight: Chronic Effects
Change in BMI
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• 86 adults ages 18 to 65 years, from the Chicago metropolitan area
• Intervention: ad libitum low GL diet vs energy restricted low fat diet
• Process measures showed significant differences in GI and GL

Treatment x time, p < 0.001

GI & Body Weight: Chronic Effects
Maki et al. AJCN 2007, 85:724-34



• Protocol

– 10 week study parallel study, 45 overweight women

– Low vs high GI CHO substituted on outpatient basis

– No significant difference in weight

Limitations: 
underpowered to 
see significant 
effect 
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GI & Body Weight: Chronic Effects
Sloth et al. AJCN 2004, 80:337-47



Can effects observed in clinical trials 
be attributed, at least in part, to 

glycemic index?



Effects of Glycemic Index in an Animal Model

• Sprague-Dawley rats identical diets 
– high GI (amylopectin starch) , n = 11
– low GI ( high amylose starch), n = 10

• Energy intake controlled to maintain identical 
mean body weight between groups

• Body composition measured after 18 weeks



Animal Study: Body Composition
At identical mean body wt, 548 vs 549 g
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Pawlak, Ludwig. Lancet 2004, 364:778-85
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p<0.0001
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An 18-month Randomized Controlled Trial
Ebbeling, Ludwig.  JAMA 2007, 297:2092-2102

Methods

– 73 obese young adults, mean BMI 37 kg/m2

– Diets: Low Glycemic Load vs Low Fat (outpatient counseling)

– Intervention controlled for treatment intensity, fidelity, behavioral 
methods and physical activity prescriptions

– Serum insulin measured 30 minutes after OGTT at baseline

– Dietary process measures: repeat 24-hr food recalls

– Completion rate: 90% at 6 months, 70% at 18 months



An 18-month Randomized Controlled Trial 
Change in weight throughout study
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Glycemic Index/Load & Diabetes 
Prevention



Animal Study: Islet Abnormalities
Low GI High GI



GI & Risk for Type 2 Diabetes
Salmeron et al. JAMA 1997, 277:472-7

• Design

– Prospective study, 6 year follow-up (n = 65,173)

– Diet assessed by FFQ

– Controlled for age, BMI, physical activity, etc

• Results

– The odds ratio for diabetes was 1.37 (1.09-1.71) comparing 
highest to lowest quintiles of GI



GI/GL & Gestational Diabetes
Zhang et al. Diabetes Care 2006, 2223-2230

• Design

– Prospective analyses of 13,000 women in the NHS II

– Diets assessed by FFQ, data adjusted for pre-pregnancy BMI, etc

• Results

– Individuals in the highest vs lowest quintiles of glycemic load had 
a 61% increased risk of developing gestational diabetes (p = .03)

– High GL/low cereal fiber diet associated with a 2-fold greater risk



Glycemic Index/Load & 
Cardiovascular Disease



• Acute elevation in blood glucose causes a burst of reactive 
oxygen species that can:

– increase blood pressure
– promote blood clot formation
– reduce endothelium-dependent blood flow
– diminish baroreceptor reflex
– increase concentrations of inflammatory mediators

• Similar changes have been observed after consumption of 
high GI meals

• Antioxidant vitamins can prevent these changes

GI/GL & Cardiovascular Disease



GI/GL & Cardiovascular Disease
Hu Y et al. AJCN 2006, 84:70-6

• Design

– 292 healthy adults

– Diet assessed by a food frequency questionnaire

– Plasma markers of oxidative stress measured

• Results

– Comparing highest to lowest quartile of GI
• Malondialdehyde increased by 33%
• F2-isoprostanes increased by 18%

– Total carbohydrate was not associated with oxidative stress



• Design

– Prospective study, 10 year follow-up (n = 75,521)

– Diet assessed by FFQ

– Controlled for age, smoking, and other risk factors

• Results

– Relative risk for myocardial infarction was 1.98 (1.41 - 2.77) 
comparing Individuals in the highest vs. lowest quintiles of GL

– GI was a better predictor of risk than other systems of classifying 
carbohydrate (e.g., simple vs complex)

GI/GL & Cardiovascular Disease
Liu et al. AJCN 2000, 71:1455-61



Glycemic Index/Load & Other 
Chronic Diseases



• Design
– Male 129vPas mice studied for 25 weeks
– Diets: amylose (low GI) vs amylopectin (high GI)
– No difference in body weight

GI & Liver Disease
Scribner, Ludwig. Obesity 2007, 15:2190-2199

Low GI: Triglyceride 9.6% High GI: triglyceride 20.7% 

p = 0.01



GI & Eye Disease
Chung-Jung et al. AJCN 2006, 83:880-6

• Design

– Cross-sectional study of 526 women from the Nurses’ Health 
Study

– Long-term diet assessed by 4 food-frequency questionnaires

• Results

– The odds ratio for age-related macular degeneration was 2.7 
(1.24 to 5.93) comparing highest to lowest tertiles of GI

– Total carbohydrate amount was not associated with macular 
degeneration



• National Breast Feeding Study

– Prospective study, 16 year follow-up (n = 49,693)

– Diet assessed by FFQ

– Controlled for BMI, physical activity, hormone usage

– Among post-menopausal women, risk of developing breast 
cancer increased by 87% in the highest vs lowest quintile of 
glycemic index

GI/GL & Cancer: Breast
Silvera et al. Int J Caner 2005, 114:653-8



Is glycemic index just a matter of 
adding more fiber to the diet?



  
QUINTILES OF INTAKE 

 

Total fiber 
(g/1000 kcal) 

< 5.9    > 10.5    p 

Whites 174.8 168.4 170.3 169.1 166.7 <.001 

Blacks 185.6 183.5 188.5 182.8 177.6 .001 
 

 

Ludwig, Pereira et al, JAMA 1999, 282:1539

Relationship Between Fiber & Weight
10-year weight change among young adult subjects in CARDIA 

(n = 1602 Whites, 1307 Blacks)



Relationship Between Fiber & CVD Risk

Dietary fiber, but not total fat, associated with:

• Fasting insulin

• Stimulated insulin 

• Blood pressure

• HDL cholesterol

• Triglyceride

• Fibrinogen



An Interventional Study of Cereal Fiber
Jenkins. Diabetes Care 2002, 1522-1528

• Design

– Subjects: 23 men and women with type 2 diabetes

– Intervention: randomized 3-month, cross-over trial comparing:
• High cereal fiber diet (19 g/d additional fiber) vs.
• Low cereal fiber diet (4 g/d additional fiber)

– Cereal products provided to subjects

• Results

– No difference between groups in body weight, fasting blood 
glucose, HgA1c, serum lipids, apolipoproteins, blood pressure, 
CRP, homocysteine, or clotting factors

– LDL oxidation higher on the high fiber diet



• Design

– Randomized controlled trial of 210 adults with type 2 diabetes

– Intervention: low GI diet vs high cereal fiber diet for 6 months

• Results (low GI vs fiber diets)

– Lower HgA1c

– Lesser diabetes medication usage

– Better HDL-cholesterol 

– Reduced body weight by 1 kg

GI/GL & Cardiovascular Disease
Jenkins et al. JAMA 2008, 300:2742-53
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Glycemic Index and Fiber

Glycemic index are not the same

But they are potentially 
synergistic



What is the Optimal Diet for the Treatment 
of Obesity and Related Disease?











Low Glycemic
Load Pyramid
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• Offer More Healthful Starches.

• Minimize Use of Added Sugars

• Offer More Low Glycemic Carbohydrates.

• Evaluate Preparation Strategies and Portion Sizes

Take Home Messages


