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Abstract

Background:
The glycemic index (GI) is routinely measured 120 minutes after food intake (GI120). The purpose of this 
prospective open label study was to assess (1) the dynamics of glycemia over the 210 minutes following food 
consumption and (2) the evolution of GIs based on 120-, 150-, 180-, and 210-minute glycemic profiles.

Method:
Twenty healthy subjects (mean ± SE; 21.9 ± 1.39 years of age; body mass index 23.6 ± 0.63 kg/m2; 7 men and 
13 women) completed the study. Each subject consumed 10 different foods with known GI120 on three separate 
occasions at four different times of day according to a defined meal plan over a 9-day period; 32 meals were 
evaluated. The GIs for intervals of 120, 150, 180 and 210 minutes after food consumption were determined  
using a continuous glucose monitoring system (CGMS) to measure glycemia. The Wilcoxon signed-rank test 
was applied to compare the GIs.

Results:
Glycemia returned to baseline within 120 minutes for honey and tomato soup; within 210 minutes for white 
bread, choco-rice cookies, fish and potatoes, wafers, and meat ravioli with cheese; and later for dark chocolate,  
apricot dumplings, and choco-wheat cookies. The extended GIs were higher than the respective GI120s in eight  
of the foods.

Conclusions:
The 120-minute glycemic index fails to fully account for changes in glycemia after ingestion of a mixed meal because 
glycemia remains above baseline for a longer period. The CGMS is a convenient method to determine the glucose 
response/GIs over intervals extended up to 210 minutes, which is adequate time for the absorption of most foods.
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Introduction

The glycemic index (GI) is a measure of the hyper-
glycemic power of food relative to a standard food 
challenge of 50 grams of glucose in 300 ml of water. 
The GI is defined as the incremental area under the  
blood glucose response curve of a 50-gram carbohydrate 
portion of a test food expressed as a percentage of the 
response to the same amount of carbohydrate from a 
standard food taken by the same subject. Both areas 
are calculated during a 120-minute interval after the 
ingestion of food, ignoring areas beneath the fasting 
glucose concentration.1

Since the pioneering papers of Otto and colleagues2 
and Jenkins and colleagues,3 the concept of the GI has 
become an almost integral part of meal planning in some 
countries.4–8 In 1998, the World Health Organization and 
the Food and Agricultural Organization recommended 
including GI values in nutritional tables,1,9 while 
the American Diabetes Association only states that 
consideration of GI may provide modest additional 
benefits for glycemic control over that observed when 
total carbohydrate is considered alone.10 To date, over 
600 papers with “glycemic/glycaemic index” in the title/
abstract have been filed in the PubMed database.

A new GI determination method based on a commercially 
available continuous glucose monitoring system (CGMS) 
and software Solutions™ (Medtronic MiniMed, Northridge, 
CA),11 together with the original software DegifXL 
(Palacky University Olomouc, Czech Republic),12 has been 
developed. The CGMS is a well-recognized tool currently 
used by health care professionals and persons with 
diabetes to identify variations in glycemia13 with accuracy 
similar to that of self-monitoring on glucometers.14–16 
The DegifXL4 software enables easy data processing and 
GI determination four times per day (breakfast, lunch, 
afternoon snack, and dinner).17 No significant differences 
exist between GI values obtained by the CGMS and 
those obtained by more time-consuming conventional 
methods.18

Research of the GI addresses factors that influence the 
variability of postprandial glycemia (prolonged exercise,  
previous ingestion of high glycemic index meal, content 
of fiber, etc.).19–24 Special attention is paid to the method-
ology of GI determination.25

After intake of 50 grams of glucose standard or some 
other foods, the plasma glucose concentration returns 

to baseline level within 120 minutes. Therefore, further  
determination of glycemia is not deemed necessary. 
However, after the ingestion of mixed meals, postprandial 
hyperglycemia may last longer. We hypothesized that  
the numerical values representing the glucose response  
or hyperglycemic power of some foods (i.e., their 

“extended” GIs) would increase when measured beyond  
the routinely used 120-minute interval, leaving the 
question of whether the GI120 is predictive of post-
prandial glycemia development. The purpose of this 
study was to assess (1) the blood glucose dynamics 
during the 210 minutes after food consumption and  
(2) the development of GIs based on 120-, 150-, 180-,  
and 210-minute glycemic profiles.

Subjects and Methods

Subjects
In 2007, 25 students were enrolled in this study.  
The following eligibility criteria were used: good health  
(i.e., no abnormalities on clinical examination and 
laboratory screening), no medication, nonsmoker, body 
mass index (BMI) <30 kg/m2, willingness to perform 
continuous glucose monitoring, and commitment to 
keep to the meal plan for 9 days. The planned number 
of volunteers over 10 was mandatory in order to make 
comparison with methods and results of other groups 
possible. The subjects provided written informed consent 
and were enrolled in the study. All procedures were 
performed in accordance to the Helsinki Declaration 
of 1975 as revised in 2000 and approved by the local 
ethics committee at Teaching Hospital Olomouc, Czech 
Republic.

Subjects were tested in five nonrandomized groups over 
the course of five sequential 9-day periods. Each group 
consisted of three to five subjects. There were five drop- 
outs due to common cold (n = 4) and gastroenteritis 
(n = 1). Thus, data from 20 Caucasian persons (mean ± SE;
21.9 ± 1.39 years of age; BMI 23.6 ± 0.63 kg/m2; 7 men 
and 13 women) were evaluated.

Test Meals
Ten popular foods/mixed meals were tested (Table 1). 
The choice of foods was influenced by the amount of 
carbohydrates in one serving (50 grams ± 5%) as listed 
on the package label. All of the meals, except for white 
bread, were purchased at one time before the beginning 
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Table 1.
Nutrient and Energy Content in Each Portion of Tested Food (Adopted from Nutritional Labels Included with 
Original Products); Glycemic Index

Carbohydrates (g) Lipids (g) Proteins (g) Energya (kcal) GI120b (%)

Breakfast and dinner meals

1. Glucose solution 50 0 0 200 100

2. Dark chocolate (70% cocoa) 50 62 13 810 35

3. Puffed chocolate-covered rice cookies 
(choco-rice squares)

50 19 7 399 105

4. White bread 50 3 8 259 93

5. Lime blossom honey 50 0 0 200 77

Lunch meals

6. Meat ravioli, Edam cheese 50 32 36 632 43

7. Fried fish, mashed potatoes, fresh butter 50 34 16 570 94

8. Apricot dumplings, fresh butter 50 27 20 523 75

Snack meals

9. Wafers with chocolate filling 50 31 4 495 79

10. Puffed chocolate-covered wheat cookies 
(choco-spelt squares)

50 22 9 434 64

11. Tomato soup 50 3 6 251 40

a Energy amounts: 1 gram carbohydrate = 4 kcal, 1 gram lipid = 9 kcal, 1 gram protein = 4 kcal.
b Mean glycemic index (GI120).26

of the study. White bread was supplied fresh, twice per 
week. The meat ravioli was canned, the fried fish and  
apricot dumplings were frozen, and the tomato soup  
and mashed potatoes were in powder form when 
purchased.

Fifty grams of glucose powder (used as the standard) 
was packed in small plastic containers in the pharmacy  
and dissolved by the participant in 300 ml of water or 
tea 5 minutes before consumption.

In the defined meal plan, the foods were divided into 
three groups according to the time of consumption 
(Table 1).

Glucose and each tested food were consumed at three 
different times; only tomato soup was consumed twice 
due to technical reasons. At the breakfast test on day 9 
the subjects had only one possibility to consume a test 
meal that could not be consumed according to the meal 
plan (Table 2).

From the stated energy values of the meals (Table 1) 
and meal plans (Table 2), daily intake ranged from 1233 
to 2076 kcal.

Study Design
Thirty-two tests were performed on each of the 20 subjects; 
the test period began with lunch on the first day, 
continued for the next 7 days, with four test meals per day 
(breakfast at 7 a.m., lunch at 12 a.m., afternoon snack at  
4 p.m., dinner at 8 p.m.), and ended on day 9 with lunch. 
On the first day of the study the following procedures 
were performed:

•	 Subjects were trained to handle the CGMS.27

•	 A CGMS sensor was inserted subcutaneously into 
the gluteal/lumbar region before the first test and 
remained inserted and connected to the CGMS Gold 
monitor throughout the entire 9-day test period.

•	 Each subject received the personal glucometer Advance 
(Hypoguard, Woodbridge, UK) and 50 Micro-draw 
strips to recalibrate the CGMS according to the latest 
manufacturer ś instructions, i.e., at least every 12 hours.

•	 All subjects were provided with the defined meal 
plan (Table 2) and a logbook for recording their 
actual intake of food and drink, their exercise and 
daily activities, their general physical condition, 
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the function of the CGMS, and glucometer results.  
They were asked to fast for at least 210 minutes before 
and after the beginning of each meal, to consume each 
portion within a 30-minute period, not to consume 
any other food, not to drink alcohol, to avoid vigorous 
exercise, and to keep a logbook with an emphasis on 
complete honesty.

•	 Every subject received the proper amounts of test 
meals in sealed, labeled packages (except for white 
bread, which was supplied fresh) for the entire  
test period. Subjects were instructed to transfer the 
frozen foods (fried fish and apricot dumplings with 
butter) to their home freezers within 1 hour and to 
keep them frozen until 1 hour before the appropriate 
meal time.

The following points were emphasized:

•	 Lunch test meals were to be consumed according to 
usual habits described in cookbooks, i.e., warm after 
adequate preparation in a microwave oven.

•	 At the beginning of each test meal, the subject was 
to enter the code for the food into the CGMS Gold 
monitor.

•	 Every subject was encouraged to drink 400 ml of 
water or unsweetened fruit tea with each meal in 
order to ensure a balanced fluid intake throughout 
the whole study period, and no additional drinks 
were allowed for 1 hour before the start of the meal  
and for 2 hours after the meal.

•	 A medical supervisor was available by phone at any 
time.

Each subject entered the actual quantities and times of 
meal consumption, exercise, data on calibration and 
function of the CGMS, and any deviations from the daily 
routine into his/her logbook.

At day 9, having completed the meal plan, data were 
downloaded from the CGMS Gold monitors into a personal 
computer to calculate the GIs using Solutions software 
v.70D and software Degif XL4. Data were then revised, 
corrected manually, and completed according to the 
subject ś logbook. The exact times of the meal start were 
transferred from subjects’ logbooks into the DegifXL4 
database. The following criteria were used for exclusion 
of a meal test from further processing: the fasting time 
before a meal was shorter than 210 minutes, a meal was 
not consumed completely, longer than 30 minutes was 
taken to consume a meal, and/or any additional food 
was eaten. The detailed mathematical procedures of GI 
calculation have been described elsewhere.12,17,18

Statistical Analysis
MS Excel 2000 (Microsoft Corporation, Redmond, WA) 
and SPSS v.15.0 (SPSS Inc., Chicago, IL) were used to 
analyze data. Any tests that did not fulfill required 
evaluation criteria were not processed. Individual mean 
GIs for each period of time (120, 150, 180, and 210 minutes) 
were calculated for all replicates of each tested food. 
Glycemic indexes exceeding 500% were excluded. Next, 
mean group-related GI120, GI150, GI180, and GI210 
were determined. Analysis of variance (ANOVA) was 

Table 2.
Defined Meal Plan: A Total of 32 Servings of 10 Test Meals and a Glucose Standard

Day Breakfast, 7 a.m. Lunch, 12 a.m. Snack, 4 p.m. Dinner, 8 p.m.

1 — 1. Meat ravioli with cheese  2. Puffed choco-wheat cookies 3. Dark chocolate

2
4. Glucose 5. Fried fish, mashed 

potatoes, butter
 6. Wafers 7. Puffed choco-rice cookies

3 8. White bread 9. Apricot dumplings, butter 10. Tomato soup 11. Lime blossom honey

4 12. Dark chocolate 13. Meat ravioli with cheese 14. Puffed choco- wheat cookies 15. Glucose

5
16. Puffed choco-rice 

cookies
17. Fried fish, mashed 

potatoes, butter
18. Wafers 19. White bread

6 20. Lime blossom honey 21. Apricot dumplings, butter 22. Tomato soup 23. Dark chocolate

7 24. Glucose 25. Meat ravioli with cheese 26. Puffed choco- wheat cookies 27. Puffed choco-rice cookies

8
28. White bread 29. Fried fish, mashed 

potatoes, butter
30. Wafers 31. Lime blossom honey

9 Free choice 32. Apricot dumplings, butter — —
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used to compare plasma glucose concentrations at the 
start of each test meal. The Shapiro–Wilk test showed a  
nonnormal distribution of GI values, and the Wilcoxon 
signed-rank test was applied to compare GIs associated 
with the tested foods over the course of 210 minutes;  
p < 0.05 was considered statistically significant. Box graphs 
with quartiles were used to demonstrate the evolution of 
the GIs.

Results
A total of 640 tests were performed with 10 foods 
and glucose standard in 20 subjects. In each subject, 
each food except tomato soup was tested in three 
replicates, i.e., 60 tests were performed with each of 10  
foods/glucose standard and 40 tests with tomato soup.

Because some tests did not meet defined criteria, only 481 
tests (75%) were processed. The number of successfully 
processed tests for the particular foods ranged from 
34 of 60 (57%) to 52 of 60 (87%). The percentage of 
successful tests in each of 11 meals was compared with 
the percentage of successful tests in other foods using χ2, 
and a significant difference was found in 9 of 66 compared 
pairs. There were 159 of 640 (25%) test failures: 57 of 
640 (9%) were subject related (the fasting time before 
a meal was shorter than 210 minutes, a meal was not 
consumed completely, longer than 30 minutes was taken 
to consume a meal, additional food was eaten) and 102 
of 640 (16%) were CGMS related (the sensor function was 
disturbed during the 210 minutes following the meal 
start for a longer period than 20 minutes). In addition, 
all tests where the calculated value of GI exceeded the 
empirically defined limit of 500% (26 of 640 tests, i.e.,  
4%) were excluded from final evaluation. Thus, from 640 
performed tests, only 455 tests (71 %) were considered 
for statistical evaluation.

Glycemia Dynamics Following Food Intake
According to the evolution of glycemia during the 
210 minutes after food consumption, test meals were 
classified into three groups. Group 1 (n = 2) consisted 
of foods for which glycemia returned to baseline within 
the same time as the glucose standard (120 minutes).  
These foods were lime blossom honey and tomato soup 
(Figure 1A). Group 2 (n = 5) contained foods for which 
glycemia returned to baseline within 210 minutes.  
These foods were white bread, choco-rice cookies, fried 
fish with mashed potatoes and butter, wafers, and 
meat ravioli with cheese (Figure 1B). Group 3 (n = 3) 
comprised foods for which glycemia did not return 
to baseline within 210 minutes. These foods were dark 

Figure 1. Mean glycemic change from premeal value and area under 
the curve after consumption of 50 grams of carbohydrates. Elapsed 
time from the meal start. See Figure 2 for evolution of the glycemic 
index between 120 and 210 minutes. (A) Lime blossom honey versus 
glucose standard. Glycemia returned to baseline within 120 minutes; 
n = 18. (B) White bread versus glucose standard. Glycemia returned to 
baseline within 210 minutes; n = 18. (C) Dark chocolate versus glucose 
standard. Glycemia did not return to baseline within 210 minutes;  
n = 17. Glucose, 1 mmol/liter = 18 mg/dl.

chocolate, apricot dumplings, and puffed choco-wheat 
cookies (Figure 1C). 

Glycemic Index Assessment Based on 120-, 150-, 
180-, and 210-Minute Glycemic Profiles
Results of conventional GI120 determinations for test meals 
have already been reported.26 Based on classification of 
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the Sydney University Glycemic Index Research Service,28 
there were three foods with a low GI120 (≤55%), one 
food with a medium GI120 (56–69%), and six foods 
with a high GI120 (≥70%). Differences in mean plasma 
glucose concentrations before test meals (as compared  

by ANOVA) were not significant (Table 3); however, 
due to evaluation criteria (see earlier discussion), data from  
one to four subjects were excluded from analysis for  
each test meal such that the number of subjects evaluated  
in each instance (except glucose) was less than 20.

Table 3.
Glycemia (mmol/liter) at Start of Test and Glycemic Indices (%) for Test Meals at 120, 150, 180, and  
210 Minutes after Start of Food Intake (Data Reported as Means ± SE); Relative Increase of GI between 
120 and 210 Minutesa

# Meal Glycemia
Mean

SE
n

GI120
group

GI120
Mean

SE
CVb 

n

GI150
Mean

SE
CV
n

GI180
Mean

SE
CV
n

GI210
Mean

SE
CV
n

Relative 
increase 
GI210 vs 

GI120
%

1 Glucose 5.5
0.17

19

High 100.0
0.0
20

100.0
0.0
20

100.0
0.0
20

100.0 
0.0
20

2 Puffed choco-
rice cookies

5.0
0.16

19

High 105.3
17.6
70.8

18

121.9
22.7
79.0

18

111.2
16.3
60.4

17

114.6
17.4
62.7

17

8.8

3 Fried fish, 
mashed 
potatoes, 
butter

5.2
0.13

19

High 94.0
13.7
61.8

18

100.1
13.8
58.6

18

101.4
13.4
56.1

18

102.8
13.2
54.5

18

9.4

4 White bread 5.2
0.15

19

High 93.3
7.4

33.5
18

101.6
7.6

31.7
18

108.2
8.1

31.8
18

113.4
9.0

33.8
18

21.5

5 Wafers 5.22
0.16

18

High 77.8
13.2
72.1

18

89.5
15.1
71.7

18

95.2
15.4
68.5

18

101.3
17.5
73.3

18

30.2

6 Lime blossom 
honey

5.3
0.21

18

High 76.7
8.4

46.7
18

76.2
8.7

48.2
18

76.5
9.1

50.6
18

77.1
9.5

52.1
18

0.5

7 Apricot 
dumplings, 
butter

4.9
0.12

18

High 75.0
12.8
72.7

18

92.1
18.3
84.5

18

105.4
23.3
93.6

18

113.8
26.3
97.9

18

51.7

8 Puffed choco-
wheat cookies 

4.7
0.18

17

Medium 63.7
8.1

53.7
18

75.1
8.8

49.5
18

87.7
10.6
51.3

18

97.4
12.5
54.3

18

52.9

9 Meat ravioli 
with cheese

5.0
0.19

20

Low 43.3
6.8

68.1
19

46.4
7.5

70.3
19

48.6
8.2

73.5
19

51.4
8.6

73.2
19

18.7

10 Tomato soup 5.1
0.14

14

Low 38.5
12.1

125.2
16

38.4
12.3

128.4
16

38.1
12.4

129.7
16

39.7
12.2

123.2
16

3.1

11 Dark 
chocolate 
(70% cocoa)

5.0
0.17

17

Low 34.7
5.8

68.9
17

43.4
7.7

73.5
17

51.1
8.9

71.6
17

62.8
9.9

65.1
17

80.9

a Foods are ordered according to their GI120.
b Coefficient of variation.
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No significant GI increase could be demonstrated for lime 
blossom honey and tomato soup from group 1 (Figure 2A). 
In the eight remaining foods from groups 2 and 3 (with low, 
medium, or high GI120), the relative GI increase over  
the course of 210 minutes was significant, ranging 
from 9 to 81% of the respective start value (Table 3, 
Figure 2A, 2B, 2C).

Figure 2. Evolution of glycemic indices over the 210 minutes following 
food intake. Data are presented as medians and quartiles. o, outlier; 
*, extreme value. See Table 3 and Figure 1 for further details. 
(A) Meals without marked GI evolution. The only food for which there 
was a significant difference between GI210 and GI120 was ravioli.  
(B) Various mixed meals that showed a significant increase in GI 
between 120 and 210 minutes. (C) Chocolate mixed meals showed 
significant increases in the GI at 150, 180, and 210 minutes as  
compared to 120 minutes postingestion. p value as compared to GI120 
as calculated by Wilcoxon signed-rank test. Only numerical values of  
p < 0.05 are shown.

Discussion
The present study reports differences in the duration and 
magnitude of the glycemic response to various test 
foods/meals and suggests that the traditional 120-minute 
interval may not adequately define the entire glycemic 
response. An important question that was raised over  
20 years ago29,30 has been addressed again.

It has been shown previously that the 2-hour period 
used to calculate the glycemic index of a food does 
not necessarily capture the entire glycemic response.  
The 2-hour window is used because the degree of 
glycemic response during this period has important  
and relevant implications for corresponding metabolic 
processes (e.g., early insulin and glucagon concentrations  
in the early postprandial phase and free fatty acids in 
the late postprandial phase). The metabolic response 
of the body to a food that results in a spiked glucose 
profile in the course of 2 hours is quite different from 
one that results in a flatter glucose profile in the course  
of 4 hours. Thus, calculating the GI from a longer time 
frame after meal consumption may result in more 
effective meal planning before physical activity in 
healthy persons, optimum insulin dosing at night in 
persons with diabetes mellitus, and so on.

However, the present approach deviates from the standard 
methods used,28,31 particularly with respect to the number 
of test meals per day (breakfast, lunch, afternoon snack, 
dinner), to the method of glucose estimation (CGMS), 
and to the increased number of subjects (n = 20) and tests.

The strength of this study is that it considers the glucose 
response over 210 minutes after the meal start and 
calculates the “extended GIs” based on 150-, 180-, and 
210-minute postprandial glucose profiles. Testing the 
individual foods at breakfast, lunch, snack, and dinner 
times also increased the power of our investigational 
process. The subjects did not need to be present in a 
laboratory, and the blood glucose concentration was 
recorded continuously (288 values per 24 hours) by 
the CGMS. Final data processing was straightforward. 
Having tested each food three different times in  
16–20 subjects, the strength of the statistical analysis in 
this study was greater than in other studies in which 
approximately 10 subjects were evaluated once with each 
food.31

Our results could be weakened by the facts that 
testing itself was performed without direct professional 
supervision and that glycemia was not estimated in 
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an approved laboratory. The impact of time of day on 
insulin sensitivity and postprandial glycemic response 
was not fully explored either. In addition, the loss of 
subjects and the elimination of some data points (due to 
exclusion criteria) limit the power of the study. However,  
the initial training of test subjects and the confirmed 
long-lasting function, accuracy, and safety of the CGMS32–37 
and the glucometer Advance38 were indeed adequate to 
approach standard testing conditions.

In addition, our results dealing with GI120 appear to be 
compatible with the respective GI values in nutritional 
tables issued previously in accepted international 
journals e.g., honey 77 ± 8% vs honey Canada 87 ± 8%, 
(item number 5869); white bread 93 ± 7% vs baguette, 
white, France 95 ± 15%, (item number 579); and tomato 
soup 39 ± 12% vs tomato soup Canada 38 ± 9%, (item 
number 5789). This assessment supports the CGMS as 
an acceptable alternative method of GI determination.

Our experimental design included withholding food for  
210 minutes prior to the test meal, indicating that the 
fasting period before lunch, snack, and dinner tests  
was less than 10 hours applied in other studies28; 
although our design approximates “real-life” situations, 
it is necessary to recognize the potential effect of 
previous meals on the ensuing glycemic response of the 
subsequent test meals.39,40 Differences in establishing 
glucose homeostasis and the potential factors that may  
have influenced these differences in response to the 
various foods/meals need to be specified.

Figure 1 demonstrates very different responses to 
various foods/meals and suggests that the GI may differ 
between 120 and 210 minutes.

Even though the lack of significant differences among 
fasting glycemia before breakfast, lunch, snack, and 
dinner meals within the defined meal plan was 
demonstrated (Table 3), the influence of previously 
ingested fat and proteins should be recognized. This is 
particularly important given the fact that the present 
study reports that glycemic values needed mostly  
210 minutes to return to baseline values with several of 
the test foods/meals. There are major differences in the 
amount of fat and protein among the tested foods/meals. 
However, the relationship between the GI response over 
time and the presence or amount of fat and protein in the 
foods/meals appears to correspond to the observations 
of others.40 The influence of fat and proteins on the 

rate of digestion and absorption, gastric emptying, and 
so on might help explain differences in the length  
and magnitude of the glycemic response. In our study, 
increased amounts of energy in one portion of tested 
food resulted from a larger content of fat and proteins.

In foods/meals for which glycemia returned to baseline 
within the same time as the glucose standard (group 1),  
the energy amount in one portion was ≤251 kcal; for 
foods for which glycemia returned to baseline within  
210 minutes (group 2) it was between 259 and 632 kcal; and 
for portions of foods resulting in longer hyperlycemia 
(group 3) it was between 434 and 810 kcal per portion 
(Table 1). Considering “activity diaries” completed by 
subjects, the daily energy intake resulting from the meal 
plan applied in this study (1233 to 2076 kcal/day) appears  
to be at the lower limit of their needs. Further studies 
are underway to analyze the potential link among  
energy intake, GI, and glycemia.

Absolute increments in mean GI values between 120 
and 210 minutes varied from 8 to 39%, i.e., the relative 
GI increase ranged from 9 to 81% of the respective start 
value; statistical significance was proven. The question 
arises as to what is the clinical importance of this GI 
evolution? In addition to it, coefficients of variation 
(Table 3) and box graphs in Figure 2 clearly indicate one of 
the problems with the concept of GI; i.e., the variation 
in glucose response within individual foods/meals is 
much greater than differences among foods/meals of 
a different glycemic index.20 This finding appears to 
comprise both the variability of GI between individuals 
and the time-of-day effect. Brand-Miller and associates41 
analyzed a database of more than 1000 foods, concluding 
that the GI provides a good summary of postprandial 
glycemia, predicts the peak response, correlates highly  
with glucose variability, but shows only weak correlation 
with glycemia 120 minutes after the meal. Thus, the 
determination of extended glucose response and GI 
beyond 120 minutes may be helpful.

From a practical point of view, it is important to 
evaluate the postprandial glycemic profiles and benefits 
of low/high GI foods in healthy subjects under regular 
daily conditions,42 at work,43 and during exercise.44 
Predicting postprandial glycemia is also useful for 
improving algorithms for premeal insulin boluses for 
persons with type 1 diabetes.6,45 However, the paradigm 
for recommending food with low/high GI under 
various conditions is complex46–49 and remains both a 
controversial50,51 and a challenging entity.52,53
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The 120-minute glycemic index values fail to fully account 
for the changes in glycemia that occur after ingestion 
of a mixed meal because glycemia remains significantly 
above baseline for longer than 120 minutes. Thus, the 
evolution of postprandial glycemia makes determination 
of meal-specific GIs beyond 120 minutes worthy of 
further investigation. The approach adopted in this  
study offers extended GI estimates for foods ingested on 
three different occasions at four different times of day 
(breakfast, lunch, snack, or dinner). Use of the CGMS 
and the described software is an efficient and convenient 
method for routine measurement of GIs over extended 
intervals that represent the period adequate for absorption 
of most foods.
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