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Different glycemic indexes of breakfast cereals are not due to
glucose entry into blood but to glucose removal by tissue1–3

Simon Schenk, Christopher J Davidson, Theodore W Zderic, Lauri O Byerley, and Edward F Coyle

ABSTRACT
Background: The glycemic index (GI) of a food is thought to
directly reflect the rate of digestion and entry of glucose into the
systemic circulation. The blood glucose concentration, however,
represents a balance of both the entry and the removal of glucose
into and from the blood, respectively. Such direct quantification of
the postprandial glucose curve with respect to interpreting the GI
is lacking in the literature.
Objective: We compared the plasma glucose kinetics of low- and
high-GI breakfast cereals.
Design: On 2 occasions, plasma insulin concentrations and plasma
glucose kinetics (by constant-rate infusion of [6,6-2H2]glucose)
were measured in 6 healthy males for 180 min after they fasted
overnight and then consumed an amount of corn flakes (CF) or
bran cereal (BC) containing 50 g available carbohydrate.
Results: The GI of CF was more than twice that of BC (131.5 ± 33.0
compared with 54.5 ± 7.2; P < 0.05), despite no significant differ-
ences in the rate of appearance of glucose into the plasma during the
180-min period. Postprandial hyperinsulinemia occurred earlier with
BC than with CF, resulting in a 76% higher plasma insulin concen-
tration at 20 min (20.4 ± 4.5 compared with 11.6 ± 2.1 �U/mL; P < 0.05).
This was associated with a 31% higher rate of disappearance of glu-
cose with BC than with CF during the 30–60-min period (28.7 ± 3.1
compared with 21.9 ± 3.1 �mol · kg�1 · min�1; P < 0.05).
Conclusion: The lower GI of BC than of CF was not due to a lower
rate of appearance of glucose but instead to an earlier postprandial
hyperinsulinemia and an earlier increase in the rate of disappear-
ance of glucose, which attenuated the increase in the plasma glu-
cose concentration. Am J Clin Nutr 2003;78(suppl):742–8.

KEY WORDS Carbohydrate, glucose kinetics, protein, nutrition,
hyperinsulinemia

INTRODUCTION

More than 20 y ago, the concept of the glycemic index (GI) was
introduced as a means of physiologically classifying carbohydrate-
containing food (1). Briefly, the GI compares the postprandial
increase in the plasma glucose concentration (ie, the glycemic
response) from a fixed amount of available carbohydrate in a test
food with the glycemic response elicited from the same amount of
carbohydrate in a standardized reference food (eg, glucose or white
bread) (1, 2). By comparing the area under the postprandial plasma
glucose curve of the test food with that of the reference food, which
is given a relative value of 100, foods receive a numeric value and are
then generally classified as having a high, moderate, or low GI (3).
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A fundamental assumption regarding low-GI foods is that they
produce a low glycemic response as a result of a slower rate of
digestion of carbohydrate in the intestinal lumen, and that this
subsequently slows the absorption of glucose into the circula-
tion (1, 2, 4–7). The plasma glucose concentration, however, is
a function of both the rate of appearance of glucose (Raglucose)
into the systemic circulation and the rate of disappearance of
glucose (Rdglucose) from the systemic circulation. Some proper-
ties of foods that may influence Raglucose (ie, glucose absorption
from the intestines into the portal and peripheral circulation)
include the intrinsic properties of the carbohydrate (eg, gela-
tinization and amylose-to-amylopectin ratio) and the fiber and fat
contents of the food (8–10). The Rdglucose (ie, glucose uptake from
the blood by tissue) is primarily influenced by insulin secretion
and action on tissue (11). Although glucose is the primary
macronutrient that stimulates insulin release, protein may augment
insulin release when ingested with carbohydrate (12–14).

The rate at which the carbohydrate in a food is absorbed into the blood
as glucose can only be inferred by directly measuring the plasma glu-
cose kinetics (ie, Raglucose) and not from the GI. For example, a food can
have a low GI as the result of having either a relatively low Raglucose or a
relatively high Rdglucose. To our knowledge, no studies comparing the
GI of foods have actually measured plasma glucose kinetics. Thus,
direct data regarding the underlying factors responsible for differences
in the GI of foods seem absent from the literature. Therefore, the pur-
pose of the present study was to describe the underlying glucose kinet-
ics responsible for the different glycemic responses of popular low- and
high-GI breakfast cereals (2).

SUBJECTS AND METHODS

Subjects

Six healthy male subjects were recruited from the local com-
munity to participate in this study. The mean (± SEM) age,
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TABLE 1
Macronutrient composition of the breakfast cereals with a low (bran cereal) or high (corn flakes) glycemic index1

Fiber

Serving size Total CHO Available CHO2 Total Soluble Insoluble Protein Fat Energy

g g g g g g kJ

Bran cereal 119.2 88.5 50.0 38.5 3.0 35.5 15.4 3.8 1238
Corn flakes 60.9 51.7 50.0 1.7 1.4 0.3 4.3 0 909

1 50 g available carbohydrate was provided in both trials; n = 6. CHO, carbohydrate. Bran cereal was All-Bran Original (Kellogg’s, Battle Creek, MI);
corn flakes were Kellogg’s Corn Flakes.

2 Available CHO = total CHO � total fiber.

weight, height, and body mass index (in kg/m2) of the subjects
were 27.8 ± 1.5 y, 74.8 ± 3.3 kg, 180.8 ± 3.0 cm, and 22.8 ± 0.24,
respectively. The subjects had normal glucose tolerance as evalu-
ated by use of an oral-glucose-tolerance test. The subjects were
informed of the experimental protocol and the possible risks
involved before signing a consent form approved by The Univer-
sity of Texas at Austin Internal Review Board.

Diet and exercise control

The day before the initial trial, the subjects were instructed to
record their diet and then to repeat this diet the day before sub-
sequent trials. Notably, the final meal of the day was a stan-
dardized snack of high glycemic carbohydrate (0.5 g/kg). This
was provided to ensure that the initial plasma substrate concen-
trations and any measured metabolic differences between the tri-
als were not a consequence of the final meal (15). Physical activ-
ity was standardized the day before all experimental trials, with
subjects undertaking cycling exercise for 1 h at �60% of their
age-predicted maximum heart rate.

Experimental meals

The experimental cereals were a bran cereal (BC; All-Bran
Original; Kellogg’s, Battle Creek, MI) and a corn flakes cereal
(CF; Kellogg’s Corn Flakes). These cereals were chosen because
they are popular breakfast cereals and were previously shown to
have a low (BC) and high (CF) GI (16). A placebo drink (fla-
vored water) was used as the fasting control. In another trial, a
glucose-water solution (GL) was given as the reference food so
that the GI could be calculated for the cereals. Four hundred mil-
liliters water was consumed with the meal during each trial. Each
experimental meal (except the placebo drink) provided 50 g
available carbohydrate. This amount was chosen according to the
standardized protocol for determination of the GI as outlined by
Wolever et al (2). The macronutrient composition of each meal
is provided in Table 1.

Experimental protocol

On separate days and in random order, the subjects arrived at
the laboratory in a fasted state (�10 h); on arrival, catheters
were inserted into a forearm vein of each arm for blood sam-
pling and isotope infusion, respectively. A primed, constant-rate
infusion of [6,6-2H2]glucose (prime = 35 �mol/kg, constant
infusion = 0.40 �mol · kg�1 · min�1; Isotec Inc, Miamisburg, OH)
administered by using calibrated syringe pumps (Harvard Appa-
ratus, South Natick, MA) was then initiated and maintained for
1.5 h before and for 3 h after ingestion of the experimental meal.
There was no isotope infusion or measurement of plasma glucose
kinetics during the GL meal, because this trial served only as the

reference for calculation of the GI of the cereals. During the
180 min after meal ingestion, the subjects remained seated in a
standardized position and performed significant bodily movement
only at 31, 91, and 151 min postprandially. At these times, they
were allowed to urinate if necessary and were then asked to cycle
a stationary ergometer for �3 s, performed 4 times with 2 min of
seated recovery. This was part of another study and it was directly
determined that this brief exercise did not alter plasma glucose
kinetics (the CF trial was performed both with and without the
exercise bouts; data not shown).

Blood sampling and analysis

Blood was sampled (6 mL) before the isotopic infusion
began, immediately before ingestion of the experimental meal
(0 min), and 20, 30, 60, 90, 120, 150, and 180 min postprandi-
ally for determination of plasma glucose and insulin concentra-
tions and plasma glucose kinetics. Blood samples (4 mL) were
also taken 54, 84, 114, 144, and 174 min postprandially for
analysis of the plasma glucose concentration and plasma glu-
cose kinetics only. During the GL meal, blood was sampled (6
mL) only at 0, 20, 30, 60, 90, 120, 150, and 180 min for analy-
sis of plasma glucose and insulin concentrations. Four milli-
liters from each sample was placed into prechilled tubes con-
taining 0.2 mL EDTA solution (25 mg/mL) for determination of
plasma glucose concentrations and plasma glucose kinetics.
Blood (2 mL) for plasma insulin analysis was placed into
prechilled tubes containing 0.2 mL EDTA (25 mg/mL) and
aprotinin (0.5 U/mL). Plasma was separated by centrifugation (3
� g for 20 min at 4 �C), transferred to 12 � 75 mm plastic
tubes, and immediately frozen at �80 �C for subsequent analy-
sis. Plasma glucose concentrations were measured by use of a
Colorimetric assay (Trinder; Sigma Inc, St Louis), and plasma
insulin concentrations were measured by radioimmunoassay
(Linco Research, Inc, St Charles, MO).

Isotope enrichment sample preparation

Plasma samples (300 �L) were deproteinized with 450 �L 0.3
N Ba(OH)2 and 450 �L 0.3 N ZnSO4, mixed by vortexing, and
incubated in an ice bath for 20 min. After centrifugation at 3 � g
for 15 min at 4 �C, the supernatant fluid was passed down an ion-
exchange column and was then rinsed 5 times with 400 �L dis-
tilled water. The samples were captured in 13 � 75 mm glass
screw-cap tubes and dried overnight by using compressed air.
Acetic anhydride (75 �L) and pyridine (75 �L) were added to the
dried samples, which were then incubated at 100 �C for 1 h and
subsequently dried with nitrogen gas. The samples were then resus-
pended in ethyl acetate and injected into a gas chromatograph–mass
spectrometer with an autosampler (5890 Series II 5988a mass
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FIGURE 1. Mean (± SEM) plasma glucose concentration (A) and
incremental 30-min plasma glucose response [area under the curve (AUC)]
(B) for 180 min after subjects (n = 6) ingested a breakfast cereal with a
low [bran cereal (BC); �] or high [corn flakes (CF); � and �] glycemic
index. Each cereal provided 50 g available carbohydrate. Two-way
ANOVA showed a main effect of time and a significant cereal-by-time
interaction (both P < 0.05). Mean contrasts according to modified Bon-
ferroni inequalities were used to analyze significance at specific time
points (P < 0.05). *BC significantly different from time 0. †CF signifi-
cantly different from time 0. ‡BC significantly different from CF.

spectrometer; Hewlett-Packard, Palo Alto, CA), and the 200 and
202 masses of the pentaacetate derivative of glucose were moni-
tored with selective ion monitoring.

Calculations

The area under the curve (AUC) for glucose and insulin was
obtained by calculating the AUC over the 180-min postprandial
period by using the trapezoidal method. Only values above fasting
concentrations were included. The GI was calculated by dividing
the respective glucose AUC for BC and CF by the glucose AUC
for GL and multiplying by 100. Glucose kinetics (ie, Raglucose and
Rdglucose) were calculated by using the one-pool, non–steady state
equations of Steele (17), modified for use with stable isotopes:

Raglucose = {F � Vd � [(C1 + C2)/2] � [(E2 � E1)/
(t2 � t1)]}/[(E2 + E1)/2] (1)

Rdglucose = Raglucose � {Vd � [(C2 � C1)/(t2 � t1)]} (2)

GCR = Rdglucose/[(C2 + C1)/2] (3)

where F is the isotope infusion rate, Vd is the effective vol-
ume of distribution, C is the plasma concentration of the tracee,
(E2 � E1)/(t2 � t1) is the change in enrichment (ie, E = tracer-
to-tracee ratio) between 2 consecutive samples (t2 � t1= x min),
and GCR is the glucose clearance rate. Vd was estimated to be
150 mL/kg (18).

Glucose kinetics were calculated for the following time peri-
ods: 0–20 min, 20–30 min, 30–54 min, 54–60 min, 60–84 min,
84–90 min, 90–114 min, 114–120 min, 120–144 min,
144–150 min, 150–174 min, and 174–180 min. Total Raglucose and
Rdglucose in �mol were subsequently calculated for each time
period, and then the average glucose kinetics over a 30-min time
period were calculated by dividing the total Raglucose or Rdglucose by
30 min (ie, 0–30 min, 30–60 min, 60–90 min, 90–120 min,
120–150 min, and 150–180 min). The GCR represents an index
of the glucose uptake relative to the prevailing plasma glucose
concentration and thus gives an index of insulin-mediated plasma
glucose uptake.

Experimental design and statistics

A two-way repeated-measures analysis of variance (ANOVA;
cereal � time) was used to determine significant main effects and
interactions. When there was a significant interaction or main
effect of time, mean contrasts according to modified Bonferroni
inequalities were used to analyze dependent variables (plasma glu-
cose and insulin concentrations, Raglucose, Rdglucose, and GCR) at
specific time points. A one-way repeated-measures ANOVA was
used to analyze the GI and overall glucose AUC (ie, 180-min post-
prandial period). Data for the placebo mean are not presented
because, as expected, plasma glucose and insulin values did not
differ significantly from 0 min, ie, before meal ingestion. Statis-
tical significance was defined as P < 0.05. All results are presented
as means ± SEMs.

RESULTS

Plasma glucose concentration, glucose area under the curve,
and glycemic index

The postprandial plasma glucose concentration was significantly
lower for BC than for CF at 54, 60, 84, and 90 min (all P < 0.05;
Figure 1A). As a result, the glucose AUC for BC was significantly

lower than that for CF from 30 to 120 min (all P < 0.05; Figure 1B).
Moreover, the glucose AUC for the 180-min postprandial period
(192.5 ± 38.4 compared with 85.7 ± 12.1 mmol · min/L; P < 0.05)
and the GI (131.5 ± 33.0 compared with 54.5 ± 7.2; P < 0.05) for
CF were more than twice those for BC.

Plasma rate of appearance of glucose

There was no cereal-by-time interaction for CF and BC during
the 180-min postprandial period, indicating that the change in
Raglucose was not significantly different between CF and BC
(Figure 2). There was a main effect of time for both BC and CF,
whereby Raglucose significantly increased above the fasted state dur-
ing the initial 120 min after meal ingestion (P < 0.05).

Plasma insulin concentration and insulin area under the curve

The plasma insulin concentration 20 min postprandially was
> 75% higher for BC than for CF (20.4 ± 4.5 compared with
11.6 ± 2.1 �U/mL; P < 0.05; Figure 3A). In light of this, the insulin
AUC was more than twice as great for BC during the 0–30-min
postprandial period (288.7 ± 71.0 compared with 128.4 ±
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FIGURE 2. Mean (± SEM) rate of plasma glucose appearance
(Raglucose) at rest and every 30 min for 180 min after subjects (n = 6)
ingested a breakfast cereal with a low [bran cereal (BC); �] or high [corn
flakes (CF); �] glycemic index. Each cereal provided 50 g available car-
bohydrate. Two-way ANOVA showed a main effect of time (P < 0.05),
but showed no cereal-by-time interaction. Given that there was no inter-
action but a main effect of time, mean contrasts according to modified
Bonferroni inequalities were used only to analyze whether values for a
given trial were significantly different from rest (P < 0.05). *Significantly
different from rest, P < 0.05.

FIGURE 3. Mean (± SEM) plasma insulin concentration (A) and incre-
mental 30-min plasma insulin response [area under the curve (AUC)] (B)
for 180 min after subjects (n = 6) ingested a breakfast cereal with a low
[bran cereal (BC); �] or high [corn flakes (CF); � and �] glycemic
index. Each cereal provided 50 g available carbohydrate. Two-way
ANOVA showed a main effect of time and a significant cereal-by-time
interaction (both P < 0.05). Mean contrasts according to modified Bon-
ferroni inequalities were used to analyze significance at specific time
points (P < 0.05). *BC significantly different from time 0. †CF signifi-
cantly different from time 0. ‡BC significantly different from CF.

42.9 �U · min/mL; P < 0.05; Figure 3B). The augmented post-
prandial hyperinsulinemia for BC was only transient, however,
because there was no significant difference between the cereals at
30 min (25.5 ± 3.5 compared with 22.1 ± 4.6 �U/mL for BC com-
pared with CF; NS) or at any time point thereafter. Similarly,
there were no further differences in the insulin AUC during the
30–180-min postprandial period nor any significant difference in
the overall insulin AUC (1523.3 ± 155.7 compared with 1602.4 ±
138.9 �U · min/mL for BC compared with CF; NS).

Plasma rate of glucose disappearance and glucose
clearance rate

The only significant difference in Rdglucose between the cereals
was during the 30–60-min postprandial period, whereby Rdglucose

was 31% higher for BC than for CF (28.7 ± 3.1 compared with
21.9 ± 3.1 �mol · kg�1 · min�1; P < 0.05; Figure 4A). Rdglucose was
not significantly different during the initial 0–30-min postprandial
period (17.5 ± 1.5 compared with 14.1 ± 0.9 �mol · kg�1 · min�1

for BC compared with CF) or during the 60–180-min period
(all NS). Similar to Rdglucose, the GCR was only significantly dif-
ferent between the cereals during the 30–60-min period, with the
GCR for BC being 54% higher than that for CF (5.3 ± 0.8 com-
pared with 3.5 ± 0.6 mL · kg�1 · min�1; P < 0.05, Figure 4B). Fur-
thermore, the GCR increased above the fasted state during the
30–60-min postprandial period for BC only and was delayed until
60–90 min for CF (P < 0.05). The increase in the GCR during the
30–60-min period was significantly correlated with the initial
plasma insulin response as measured by the 0–30-min insulin
AUC (r = 0.71, P < 0.009).

DISCUSSION

The purpose of the present study was to describe the underly-
ing glucose kinetics responsible for the different glycemic
responses of breakfast cereals with a low (BC) or high (CF) GI.
The major finding of this study was that the more than 2-fold

higher GI of CF than of BC (ie, 132 compared with 55) was not
due to differences in Raglucose. Instead, BC showed a lower GI than
did CF as a result of an earlier increase in Rdglucose in association
with an earlier and marked insulin response during the initial 20-min
postprandial period. Simply, BC has a low GI because a more
rapid insulin-mediated increase in tissue glucose uptake attenu-
ates the increase in blood glucose concentration, despite a similar
rate of glucose entry into the blood.

The fundamental assumption of the GI concept is that low-GI
foods produce a lesser increase in the plasma glucose concentra-
tion as a result of slower rates of gastric emptying and digestion
of carbohydrate in the intestinal lumen and, subsequently, a slower
rate of absorption of glucose (ie, Raglucose) into the portal and sys-
temic circulation (1, 2, 4–7). In the present study, we used stable-
isotope methods to directly determine that although the GI of CF
was more than 2-fold higher than that of BC, the postprandial
change in Raglucose was not significantly different between CF and
BC. It is perhaps surprising that despite the high fiber content of
BC compared with CF (38.5 compared with 2.2 g), the Raglucose of
BC was not significantly different from that of CF. However, BC
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FIGURE 4. Mean (± SEM) rate of plasma glucose disappearance
(Rdglucose) (A) and the plasma glucose clearance rate (GCR) (B) at rest and
every 30 min for 180 min after subjects (n = 6) ingested a breakfast cereal
with a low [bran cereal (BC); �] or high [corn flakes (CF); �] glycemic
index. Each cereal contained 50 g available carbohydrate. Two-way
ANOVA showed a main effect of time and a significant cereal-by-time
interaction (both P < 0.05). Mean contrasts according to modified Bon-
ferroni inequalities were used to analyze significance at specific time
points (P < 0.05). *BC significantly different from rest, P < 0.05. †CF
significantly different from rest, P < 0.05. ‡BC significantly different from
CF, P < 0.05.

is composed primarily of insoluble wheat bran fiber (�92%),
which has been shown to have little effect on reducing Raglucose

when co-ingested with carbohydrate (19, 20). Also, BC contains
a higher proportion of simple sugars than does CF (�23 compared
with �4 g), and this could be another reason that the Raglucose of
BC was not significantly different from that of CF.

It is important, however, to bear in mind that although CF con-
tains a small quantity of simple sugars, it still has a comparable
Raglucose to BC. This observation is supported by the fact that
although a food may be high in complex carbohydrate (eg, corn
starch), this does not necessarily mean that the glycemic
response will be low (21, 22). Differences in the gastric empty-
ing rate could influence Raglucose, although given the fact that
Raglucose was not significantly different between CF and BC, it is
reasonable to hypothesize that the rate of available carbohydrate
movement from the stomach into the intestines was similar. Inde-
pendent of those factors that may influence Raglucose, it is note-
worthy that we directly determined that the postprandial change
in Raglucose was not significantly different between CF and BC.

Accordingly, the present study highlights that the GI is not solely
a function of Raglucose.

An increase in the plasma glucose concentration above postab-
sorptive concentrations is the primary stimulus for increased
insulin secretion. Given that Raglucose was not significantly dif-
ferent between trials, the change in plasma insulin concentration
would be expected to be comparable between cereals. However,
the postprandial increase in the plasma insulin concentration
occurred earlier for BC than for CF and resulted in a 76% higher
plasma insulin concentration at 20 min and a 125% higher
insulin AUC during the 0–30-min postprandial period. In the
present study, although the amount of available carbohydrate
in the 2 cereals was identical, BC contained �3.5 times more
protein than did CF (15.4 compared with 4.3 g). When pro-
tein is added to carbohydrate, insulin secretion and the cal-
culated insulin AUC are augmented (12–14, 23–26); several
studies have found that adding protein to carbohydrate atten-
uates the glycemic response compared with that for carbohy-
drate alone, in association with a greater insulin response (12,
13, 23, 25, 26). Notably, the addition of �30 g wheat protein,
the type of protein present in BC, to �59 g carbohydrate
resulted in augmented hyperinsulinemia compared with car-
bohydrate alone (14). Therefore, we believe that in our study
the protein-carbohydrate interaction of BC was likely responsi-
ble for the more rapid plasma insulin response during the initial
20-min postprandial period.

During the postprandial period, Rdglucose is primarily stimulated
by an increase in insulin concentration (11). Rdglucose did not
increase above postabsorptive levels for either BC or CF (ie,
30–60 min) until the plasma insulin concentration significantly
increased above overnight-fasted concentrations. The markedly
earlier insulin response for BC was associated with an earlier
increase in Rdglucose, resulting in a 31% higher Rdglucose for BC than
for CF during the 30–60-min postprandial period. Importantly,
although this was the only time period during which Rdglucose was
significantly different between the 2 cereals, this earlier increase
in Rdglucose is what attenuated hyperglycemia and the GI of BC.
Individuals with impaired glucose tolerance show a delayed rise
in postprandial insulin secretion compared with insulin-sensitive
control subjects (27, 28). When the delayed rise in plasma insulin
concentration is corrected through early insulin supplementation,
abnormal hyperglycemia is corrected, in parallel with an earlier
increase in Rdglucose (27, 28). Although we saw no significant dif-
ference in the insulin AUC over the 180-min postprandial period,
it is the markedly earlier rise in plasma insulin concentration seen
for BC that appears functionally important for increasing Rdglucose

early in the postprandial period, thereby reducing the postpran-
dial hyperglycemia.

The important role of insulin in increasing glucose extraction
from the blood is further supported by the GCR, which provides
an indication of insulin-mediated glucose uptake by tissue (11).
In the present study, the GCR increased above fasting levels dur-
ing the 30–60-min period with BC only, being 54% higher than
that for CF. In parallel with the delayed insulin response with CF,
an increase in the GCR was delayed with CF until the 60–90-min
period. Interestingly, this temporal delay of �30 min between
insulin appearance in plasma and insulin metabolic action (as indi-
cated by the increased GCR) has been extensively described (29).
Furthermore, Carey et al (30) found that the rate of postprandial
muscle glycogen storage, an indirect measure of plasma glucose
uptake, was significantly correlated with the initial plasma insulin
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response (r = 0.87). Similarly, we found a strong correlation (r = 0.71,
P < 0.009) between the 30–60-min GCR and the initial plasma
insulin response (ie, 0–30-min insulin AUC), further supporting
the importance of the early insulin response in increasing plasma
glucose removal from the circulation and consequently in attenu-
ating postprandial hyperglycemia.

The concept of GI is based primarily on the interpretation of the
glycemic curve and in some instances the relation between the in
vivo postprandial glycemic curve and in vitro measurements of glu-
cose availability (31, 32). Although we appreciate that not all foods
have a low GI as a result of a greater Rdglucose, we have highlighted
herein that the plasma glucose concentration and the GI are indeed
a function of both Raglucose and Rdglucose. It is therefore perhaps ten-
uous to draw conclusions regarding the “behavior,” and hence the
therapeutic applicability, of a food solely from plasma glucose and
insulin concentrations without appropriate support from measures
of glucose kinetics. Indeed, if we did not directly determine the
glucose kinetics of BC and CF, then we would be uncertain
whether the lower glycemic response of BC than of CF was due to
a reduced Raglucose secondary to its high fiber content or to
enhanced Rdglucose secondary to an earlier increase in plasma
insulin concentration. Further research with the use of isotope
methods to quantify the plasma glucose kinetics of a broader range
of foods, in particular foods containing different types of carbo-
hydrate and different amounts of fat and protein, is necessary to
further expand the functional usefulness of the GI. It is also impor-
tant to emphasize the need for frequent blood sampling during the
initial 30 min of the postprandial period (eg, every 10 min) for
assessment of plasma insulin concentrations because it is the first-
phase insulin response, and not necessarily the total AUC, that
seems important in attenuating postprandial hyperglycemia and
hence the GI.

In conclusion, to our knowledge, this is the first study to sys-
tematically investigate the underlying glucose kinetics responsible
for the different glycemic response of 2 popular, commercially
available foods of low and high GI. The high fiber content of BC
did not appear to affect glucose absorption into the systemic cir-
culation, because Raglucose was not significantly different between
the 2 cereals. Despite a comparable Raglucose, the glycemic
response of CF was more than twice that of BC. Instead, the lower
postprandial glycemia in BC was due to an augmented Rdglucose

during the 30–60-min period in association with an earlier and
significantly greater insulin response during the initial 20-min
period. Overall, the present findings further the concept of the GI
by emphasizing that differences in Rdglucose, and not just Raglucose,
can account for differences in GI between foods.
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