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TABLE 3
Sample calculation of mixed-meal GI5

Carbohydrate Food GI Meal GI

g

Meall

Allbran 30(57.7) 73 42.1

Orangejuice 16(30.8) 59 18.2
2%Milk 6(11.5) 48 5.5
Total 52(100) - 65.8

Meal 2

Cornflakes 30(57.7) 121 69.8

Orangejuice 16(30.8) 59 18.2

2%Milk 6(11.5) 48 5.5
Total 52(100) - 93.5

S Data from 38. The GI ofthe All Bran meal is 70% that ofthe corn
flakes meal; the observed glycemic response of the All Bran meal was
76 ± 9% that ofthe corn flakes meal (P < 0.05).

Values in parentheses represent the percent oftotal meal carbohydrate.

Quantitative prediction ofrelative glycemic responses

When individual foods have been pretested so that their GI
values are known, the percent difference between meal GI closely

predicts the percent difference between the mean meal glycemic

responses (10, 39, 40). The group from Stanford, without pre-
testing foods, concluded in each ofthree studies that the GI does
not predict the relative difference between the glycemic responses

ofmixed meals(4l-43). However, the relationship between meal

GI and observed glycemic response from the Stanford studies
is significantly different from that based on data from seven

other groups in various parts of the world (34, 38-40, 44-48)

where the regression line has a slope no different from 1 with a
y intercept no different from 0 (P < 0.001; Fig 4).

Qualitative prediction: ranking glycemic responses

In individual subjects the GI can be used to predict which of

two mixed meals ofequivalent macronutrient composition will
have the greater glycemic response. Assuming that glycemic re-

sponses are normally distributed, the chance of a correct pre-
diction increases as the difference in GI between the meals in-
creases and as the variability of glycemic responses from day-
to-day in the subjects being considered decreases. Recently, the

day-to-day variability of glycemic responses in NIDDM and

IDDM subjects was determined and the resulting values were
used to calculate the probability of correctly ranking glycemic

responses for any given GI difference (Fig 5) (49). If the meals
shown in Table 3 (GI difference = 28) were tested by an mdi-

vidual with NIDDM, there is a 91% chance that the All Bran
(Kellogg Co, Battle Creek, MI) meal would have a smaller gly-
cemic response than would the cornflakes meal (Fig 5). In a
subject with IDDM, with more variable glycemic responses, the

chance would fall to 82%. The difference in GI between the two
meals such that there is a 95% chance of correctly predicting

their glycemic response ranking is termed the predictive differ-
ence (PD). For subjects with NIDDM the PD is 34 whereas for
subjects with IDDM, who have more variable glycemic re-
sponses, the PD is 50. If the subject repeats the meals n times
or n subjects test each meal, then the PD decreases by a factor

of 1/(n)#{176}5.Thus, if four subjects with NIDDM test two meals

with a GI difference of 16, there is a 95% chance that the meal

with the lower GI will have a lower mean glycemic response.

The PD values and probabilities given in Figure 5 were shown

to be valid for groups of subjects (49) and for individuals (36).

Therapeutic effects oflow-GI diets

Reducing the GI ofthe diet with no change in macronutrient

or dietary fiber content was shown to result in modest but sig-

nificant reductions in blood glucose concentrations in normal

subjects (50) and in patients with IDDM (44, 5 1) and NIDDM
(52), as measured by glycosylated albumin or hemoglobin. This
was associated with reduced insulin secretion, assessed by urinary

C-peptide excretion (50). Although low-GI diets do not have

consistent effects on blood lipids in normolipidemic subjects, a
modest reduction in diet GI of 12 in patients with raised serum
triglyceride concentrations reduces serum triglyceride by 20%

and cholesterol by 9% (53). The GI may also have implications

for nondiabetic and normolipidemic individuals because low-
GI foods may induce higher satiety (28, 54, 55) and prolong
endurance in athletes undertaking prolonged strenuous exercise
(56). These studies suggest that the quality of dietary carbohy-

drate may influence the metabolic response to high-carbohydrate
diets.

Mechanism of action

Several studies have shown that the rates ofdigestion of foods

in vitro are related to their glycemic responses in vivo, suggesting

50 100

Predicted Relative Response

FIG 4. Relationship between predicted and observed glycemic re-

sponses for mixed test meals ofsimilar composition taken by groups of
normal or diabetic subjects. The predicted response was the meal GI for

each meal expressed as a percent of the meal with the highest 01. The

observed response was the incremental glycemic-response area expressed
as a percent of the meal with the largest glycemic response. Line of
identity (dotted line); data from 10 groups of test meals tested in seven
different centers (I, -); data from three groups of test meals tested in

Stanford (0, ---).
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Chance that Glycemic Response of Meal A > B for 1 Subject

FIG 5. Probability that the glycemic-response area of meal A will be greater than that of meal B when each meal is

tested once by an individual with insulin-dependent diabetes (IDDM) or non-insulin-dependent diabetes (NIDDM).
The glycemic-index (GI) values of meals A and B are GIa and GTh, respectively. GIa and GIb are calculated from

tables giving GI values ofthe constituent foods and GIa is � GTh (49).

that differences in GI are due to differences in the rates of diges-
tion and absorption of carbohydrate from different foods (57-
59). Supporting this are data showing that glucose or food inges-

tion over a prolonged period oftime, mimicking slow absorption,

results in flat blood glucose and insulin responses (13, 60, 61).
Reduced insulin concentrations may be the mechanism for the
lipid-lowering effects of slowing absorption. When normal sub-

jects consumed a metabolically controlled high-carbohydrate diet
for 2 wk in 17 equal meals per day (nibbling), the mean serum
cholesterol concentration was 8.5% lower than after eating cx-

actly the same diet as three meals per day for 2 wk (61). The

nibbling diet was associated with reductions of2O-28% in urinary

C-peptide and day-long serum insulin concentrations; insulin is

known to regulate the activity of 3-hydroxy-3-methylglutaryl
coenzyme A (HMGCoA) reductase, the regulatory enzyme for

cholesterol synthesis (62).

Conclusions

Recent studies support the clinical utility of the GI. Within
limits determined by the expected GI difference and by the day-

to-day variation ofglycemic responses, and ranking the glycemic

potential of different meals is possible. Although reducing the

fluctuations in blood glucose after meals has only a modest effect

on overall blood glucose control, it may be beneficial in some
patients with diabetes. Ofperhaps greater therapeutic importance

is the ability oflow-GI diets to induce useful reductions in blood

lipids in hypertriglyceridemic patients.

High-carbohydrate diets are recommended for individuals

with diabetes and hyperlipidemia but the type of carbohydrate

is likely to be important in determining the metabolic response

to such diets. Increasing carbohydrate intake with high-GI foods
may increase blood glucose, insulin, and triglyceride concentra-

tions (63). However, increasing carbohydrate intake with low-

GI starchy foods may allow carbohydrate intake to be increased

without these unwanted effects.
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