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Origins of Glycemic Index
• Otto and Niklas (1980)

– Classify foods in terms of glycemic response
– For use in management of diabetes

• Jenkins, Wolever, et al. (1981)
– Independently develop “Glycemic Index” as 

classification of glycemic effects of food
– For use as supplement to chemical composition 

information contained in food tables 



What is “Glycemic Index”
• A measure of the glycemic effect of 

carbohydrate from specific food compared 
to pure glucose (or white bread)

• Determined directly for individual foods 
through feeding studies



Glycemic Index Compares 
“Carbohydrate Equivalents”

• Glycemic response of 50 grams of glucose

vs.

• Glycemic response of a quantity of “Test 
Food” that provides 50 grams of 
carbohydrate



Feeding Study of “Test Food”
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GLfood = (GIfood/100) (CH2Ofood)

Calculating Glycemic Load for an 
Individual Serving of a Specific Food

(Units for GL are “gram equivalents of pure glucose”)



Calculating Total Dietary 
Glycemic Load

GLdiet = Σ (GIfood/100) (CH2Ofood) (Servingsfood) 



Glycemic Load is a “Nutrient”

• Glycemic Index is unique to each food

• Each serving of food provides a specific glycemic 
load

• Glycemic load is the effective glucose dose of 
each serving of food

• As a “nutrient” can be thought of as a potentially 
important etiological exposure in epi studies



Methods for Adding GL to FFQ 
Databases?

• Not well established, not well-described, 
not necessarily consistent

• No national food composition tables for 
GI/GL



The NCI Diet History 
Questionnaire (DHQ)

• Based on responses of 10,019 adults to one or two 
24-hour recalls in CSFII

• 5,261 distinct foods mentioned in CSFII

• Categorized into 336 mutually-exclusive groups

• 225 of these groups selected for inclusion as line 
items in the DHQ



1,055

816. Tangerine, raw

105. Tangelo, raw

94. Orange, mandarin, 
canned or frozen, 
drained

23. Orange, mandarin, 
canned/frozen, lt syrup

122. Orange, mandarin, 
canned or frozen, NS as 
to sweetened or 
unsweetened; sweetened, 
NS type of sweetener

9411. Orange, rawOranges, tangerines, 

tangelos

Number of times 
mentioned by 

respondents to CSFII 

Foods from CSFII in the 
NCI DHQ database 

CSFII food group on 
NCI DHQ



Database of Calculated Glycemic 
Index Values

AJCN 2002; 76:5-56.





Characteristics of GI Table

• 1300 published (or high-quality 
unpublished GI values

• 750 individual food items

• 22 food groups



Holes in the GI Table

• Red meat
• Poultry
• Fish
• Avocados
• Salad vegetables
• Cheeses
• Eggs



The Problem:

Linking 4,220 individual CSFII foods to 
roughly 750 GI Table foods to enable 
assignment of GL values to 225 line items in 
the DHQ by gender and portion size



Linkage Methods 
• Nutritionist makes manual review of the GI table 
for matches to CSFII foods

• Second review of the proposed matches by a 
second nutritionist

• For GI Table entries with multiple reported values, 
use mean of reported studies

• Exclude non-U.S. foods on GI Table

• Use linkage algorithm
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Linkage Algorithm: Step 1 

•For direct links, simply use GI-Table value

Direct link 
to GI 

Table?

Use listed GI 
Table value

Yes



Linkage Algorithm: Step 2 

•If not a direct link, determine if there is a 
closely-related food in the GI Table

•If a closely-related food exists, impute this 
GI value

Direct link 
to GI 

Table?

Closely 
related food 
in GI Table?

Impute this 
GI value

No

Yes



Linkage Algorithm: Step 3 

•If not a closely related food, determine if 
CSFII food is a vegetable

•If a vegetable, use the “vegetable mean”

Vegetable?

Impute 
“vegetable 

mean”

Closely 
related food 
in GI Table?

Yes

No



Linkage Algorithm: Step 4 

• If not a vegetable, determine if CSFII food is a 
mixture

• If a mixture use mean of GI’s for ingredients, 
weighted by CH2O content of the ingredients

– Simple mixtures (e.g., peas and carrots) are straightforward
– For complex mixtures (e.g., lasagna), consult CSFII recipe file

Vegetable?

Is CSFII food 
a mixture?

Use weighted mean of 
GI’s for ingredients –

using recipe file if 
necessary

Yes

No



Linkage Algorithm: Step 5 

•If CSFII food is not a mixture, determine if 
the CSFII food is in a DHQ food group 
among the top 90% of CH2O contributors

Is CSFII food 
a mixture?

Is CSFII food in 
DHQ food group 

among top 90% of 
CH2O 

contributors?

No



Linkage Algorithm: Step 6 

•If DHQ food group is a major CH2O 
contributor, determine if the top 50 mentions 
in that DHQ food group are linked

•If yes, then leave blank

Is CSFII food in 
DHQ food group 

among top 90% of 
CH2O 

contributors?

Are top 50 
mentions for 
DHQ food 

group linked?
Set to 

missing

Yes

Yes



209

1465. Total

234. Raisin Bran Total

283. Product 19

22. King Vitaman*

101. Total Corn FlakesRTE cereal, highly 
fortified

Number of times 
mentioned by 

respondents to CSFII 

Foods from CSFII in the 
NCI DHQ database 

CSFII food group on 
NCI DHQ

* No link to GI Table



Linkage Algorithm: Step 7 

•If among top 50 mentions for that food group 
identify closest possible link in GI Table

•Impute the value for that GI Table food; else 
leave blank

Are top 50 
mentions for 
DHQ food 

group linked?
Identify closest 
possible link for 
top 50 mentions; 
impute listed GI 
Table value; else 

leave blank

No



Linkage Algorithm: Step 8 

•If the CSFII food is not in a DHQ food group 
contributing to the top 90% of CH2O, 
determine if CSFII food is in a DHQ food 
group with 0 CH2O

•Impute 0

Is CSFII food in 
DHQ food group 

among top 90% of 
CH2O 

contributors?
Does DHQ 
food group  

have CH2O?
Impute 0

No

No



Linkage Algorithm: Step 9 

•If the DHQ food group does have CH2O
•Impute 50

Does DHQ 
food group 

have CH2O?
Impute 50

Yes



Calculating Glycemic Load 
Values in the DHQ

1. Calculate GL for every eating occasion reported 
in CSFII (excluding foods with unspecified GI 
values):

2. For each DHQ food group, medium portion 
sizes are defined at approximately the 25th and 
75th percentile for adults

GL = (GIfood/100) (CH2Ofood)



Calculating Glycemic Load 
Values in the DHQ

3. Divide foods consumed at each eating occasion 
on recalls into small, medium, and large portion 
sizes for each DHQ food group

4. Determine gender-specific GL by taking the 
mean of the GL’s for the eating occasions in 
each portion size group identified in step 3



Fiber?

• GL is an indicator of glycemic effect of a 
given amount of a specific food

• Inherently, relates only to available CH2O

• GL calculations in DHQ based on a 
definition of CH2O as USDA value for 
CH2O minus fiber (includes most resistant 
starch)



Quality Assessment
• 41.9% of CSFII mentions (from 25.3% of CSFII 

foods) linked directly to a GI Table food (i.e., 
were linked at Step 1 in the Linkage Algorithm)

• For the DHQ food groups contributing top 90% 
of CH2O in the DHQ, 62.1% of the mentions 
were linked directly

• Among top CH2O contributors, 9.0% had 100% 
of their mentions linked directly

• Among top CH2O contributors, 17.3% of the 
mentions were linked at Step 6 or 7



Quality Assessment
• 48% of the DHQ food groups in top 90% of 

CH2O contributors had 100% of mentions 
linked

• 71% of top CH2O contributors had in excess of 
90% of their mentions linked

• 100% of the top CH2O contributors had links 
for 100% of their top 50 mentions

• 100% of top CH2O contributors had at least 
50% of their mentions linked 



Conclusions

• Despite the lack of national nutrient 
database with GI values, we were able to 
add GL to the DHQ database

• Quality indicators suggest that we were 
successful in assigning high-quality GL 
values for almost all DHQ line items with 
significant CH2O contribution to the diet



Conclusions (cont’d)

• With these GL values, it is possible to use 
the DHQ in large epidemiologic studies of 
the glycemic effects of food on many 
chronic disease outcomes

• This method has broad application for 
investigators using other FFQs who wish 
to add GL values to their databases



Conclusions (cont’d)

• GL databases will improve with time as 
the tables of published GI values are 
updated with new data for an even broader 
range of individual foods
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