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Abstract

Background:
The purpose of this prospective open-label trial was (1) to assess the influence of oral antidiabetic drugs (OAD) 
on the glycemic index (GI), glucose response curves (GRCs), daily mean plasma glucose (MPG) and (2) to compare 
the GI of foods in persons with OAD-treated type 2 diabetes mellitus (T2DM) with the respective GI in healthy 
persons (HP).

Methods:
Tested foods containing 50 g of carbohydrates were eaten for breakfast and dinner after 10 and 4 h of fasting, 
respectively. Glycemic index, GRC, and MPG were obtained using the CGMS® System Gold™ (CGMS). 
In T2DM patients [n = 16; age (mean ± standard error) 56.0 ± 2.25 years], foods were tested four times: tests 1, 2, and 
3 were performed within one week in which placebo was introduced on day 2, and test 4 was carried out  
five weeks after reintroduction of OAD. Glycemic indexes, GRC, and MPG from tests 1, 2, 3, and 4 were 
compared. In a control group of 20 HP (age 24.4 ± 0.71 years), the mean GIs were calculated as the mean from 
20 subject-related GIs.

continued 
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Introduction

Since the pioneering papers of Otto and colleagues1 
and Jenkins and associates,2 who developed the concept 
of glycemic index (GI), many questions have been raised 
about its importance in the healthy as well as in the 
diabetes population. Diets rich in high-GI foods have 
been linked to a higher incidence of diabetes mellitus, 
coronary heart disease, cancer, and other disorders.3 
So far, the GI of many foods has been determined,4 and the 
question whether GI should be a part of nutritional labels 
and dietary recommendations is being discussed.5,6

According to the World Health Organization (WHO), GI is 
defined as the incremental area under the blood glucose 
response curve (GRC) of a 50 g carbohydrate portion of a 
test food expressed as a percentage of the response to 
the same amount of carbohydrates from a standard food 
taken by the same subject.7

The beneficial effects of low-GI foods have been shown 
particularly in diets for persons with diabetes,8–13 although 
the GI is routinely determined in healthy persons (HP). 
Besides the role of GI in a healthy diet in persons with 
diabetes, we asked whether GI and other parameters of 
hyperglycemic response to foods may be of importance 
in evaluating the effectiveness of oral antidiabetic drugs 
(OAD) therapy.

The purpose of this pilot prospective open-label trial was 
(1) to assess the influence of OAD on GI, mean plasma 
glucose (MPG), and GRCs, namely, the incremental area 
under the curve (IAUC) and (2) to compare the GIs and 
GRCs of four foods in type 2 diabetes mellitus (T2DM) 

patients treated with β-cell stimulators and/or metformin 
with the respective values in HP.

Methods
Subjects
Thirty-five T2DM patients treated with OAD (β-cell 
stimulators and/or metformin) and 30 HP were invited 
to participate in this study. Healthy volunteers were 
recruited among students of the Faculty of Medicine, 
Palacky University, Olomouc, and persons with diabetes 
were recruited among patients from two out-patient 
clinics. The T2DM patients fulfilled these inclusion criteria: 
T2DM treated with OAD, no ongoing inflammatory 
disease, overall good condition, and willingness to use 
the CGMS® System Gold™ (CGMS) continuous glucose 
monitoring system (Medtronic MiniMed, Northridge, CA). 
Healthy subjects fulfilled these inclusion criteria: good 
overall health (assessed by a physical and laboratory 
investigation), no medication, and willingness to use  
the CGMS. Twenty-one T2DM patients and 25 HP  
provided written informed consent, with participation 
in this study performed in accordance with the Helsinki 
Declaration of 1973 as revised in 2000 and approved 
by the local ethics committee. There were a total of  
10 dropouts in both of the groups. In the T2DM patient 
group, the dropouts were due to incomplete data  
(n = 3), upper respiratory infection (n = 1), and personal 
request to quit the study (n = 1). In the healthy group, 
all dropouts were due to viral gastroenteritis (n = 5). 
Twenty HP and 16 T2DM patients completed the study 
(Table 1).

Abstract cont.

Results:
In T2DM patients, subject-related assessment of GIs, GRC, and MPG distinguished persons with and without 
OAD effect. Nevertheless, the group-related GIs and the MPG on days 2, 8, and 39 showed no significant 
difference. There was no significant difference between the GIs in OAD-treated T2DM patients (test 4) versus HP 
(except in apple baby food). Glucose response curves were significantly larger in T2DM patients (test 4) versus HP.

Conclusions:
Determination of GRC and subject-related GI using the CGMS appears to be a potential means for the evaluation  
of efficacy of OAD treatment. Further studies are underway.

J Diabetes Sci Technol 2010;4(4):983-992
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Tested Foodstuffs
Four different foodstuffs with a known content of nutrients 
but unknown GI value were tested: apple baby food,  
dark chocolate, puffed rice squares, and strawberry yogurt. 
The choice of tested foodstuffs was influenced by the 
amount of carbohydrates provided in the nutritional label  
to ensure easy preparation of portions containing 50  g 
of available carbohydrates each. Fifty grams of glucose 
in the form of glucose solution in 250 ml of water was 
used as standard food (Table 2).

Study Design

Persons with Type 2 Diabetes
In T2DM patients, the study duration was approximately 
40 days (Figure 1) and consisted of two test periods 
during which continuous glucose monitoring was 
performed using the CGMS.16,17 The first period lasted 
9 days in which, on day 2, the OAD were replaced by 
placebo and reintroduced on day 10 in their previously 
prescribed strength and dosage. Since all subjects were 
very compliant and were taking their OAD medication 
regularly; it was on purpose that they should not 
interrupt this rhythm even knowing it was a placebo 
they received. It was thus uncomplicated, after the end 
of the withdrawal period, to switch from the placebo to 
their original medication. During the 9-day period, all 
subjects consumed 50  g of glucose or four alternative 

Table 1.
Characteristics of Type 2 Diabetes Patients and 
Healthy Persons at Baseline (Mean ± Standard Error)

Group
T2DM Patients

(n = 16)
HP (n = 20)

Reference 
range

Age [years] 56.70 ± 2.25a 24.40 ± 0.71 n/a

Duration of diabetes 
[years]

6.19 ± 0.91 0 n/a

Body mass index  
[kg/m2]

31.90 ± 1.18 22.30 ± 0.73 <25

HbA1c/IFCC [%] Day 1 5.31 ± 0.48a 2.91 ± 0.05 2.80–4.00

HbA1c/IFCC [%]  
Day 39

5.28 ± 0.49 n/a 2.80–4.00

Total cholesterol 
[mmol/liter]

5.00 ± 0.38 4.45 ± 0.19 <5.00

High-density 
lipoprotein cholesterol 
[mmol/liter]

1.25 ± 0.09a 1.70 ± 0.11 1.00–1.60

Low-density 
lipoprotein cholesterol 
[mmol/liter]

2.50 ± 0.26 2.28 ± 0.16 <2.60

Triacylglycerols 
[mmol/liter] 2.84 ± 0.58a 1.02 ± 0.13 <1.70

C-peptide [mg/liter] 3.55 ± 0.4a 1.40 ± 0.11 1.10–5.00

a Versus HP, Mann-Whitney, p < 0.001

Table 2.
Composition of Tested Foods

Food
Portion (50 g of 

Carbohydrates) [g]
Carbohydrates [g] Carbohydrates [kJ] Proteins [g] Proteins [kJ] Fat [g] Fat [kJ] Energy [kJ]

Glucose 20% 250.0 50 850.0 0.0 0.0 0.0 0.0 850.0

Dark chocolate 91.9 50 850.0 5.9 100.3 24.3 947.7 1898.0

Apple baby food 277.8 50 850.0 0.6 10.2 0.6 23.4 883.6

Puffed rice squares 60.3 50 850.0 4.8 81.6 0.7 27.3 958.9

Strawberry yogurt 312.5 50 850.0 10.6 180.2 6.6 257.4 1287.6

Laboratory Procedures
Basic anthropometric and laboratory parameters were 
measured at the beginning of the study. In T2DM  
patients, hemoglobin A1c (HbA1c) values [International 
Federation of Clinical Chemistry (IFCC) scale] were 
determined on day 1 and on day 38. The conversion 
of HbA1c values from the IFCC scale to the 
traditional National Glycohemoglobin Standardization 
Program/Diabetes Control and Complications Trial 
(DCCT) scale may be calculated using the formula:  
IFCC [%] = (DCCT – 2.15)/0.915.14,15

Figure 1. Scheme of the study design in T2DM patients.



986

Influence of Oral Antidiabetic Drugs on Hyperglycemic Response to Foods in Persons with Type 2 Diabetes Mellitus  
as Assessed by Continuous Glucose Monitoring System: A Pilot Study Peterson

www.journalofdst.orgJ Diabetes Sci Technol Vol 4, Issue 4, July 2010

foodstuffs containing 50  g available carbohydrates for 
breakfast and dinner, beginning in the evening of the  
first day, and continued testing for the following 8 days, 
resulting in 15 tests (each foodstuff was tested in three 
replicates: tests 1, 2, and 3) performed in each of the  
16 T2DM patients. The second period started with 
insertion of the CGMS sensor approximately 5–6 weeks 
after the reintroduction of OAD and lasted 3  days  
(days 38–40). During this 3-day period, each foodstuff 
was tested once more (test 4).

Healthy Persons
In HP, the study consisted of only one test period similar  
to the first period in T2DM patients (Table 3).

In both T2DM patients and HP, the CGMS sensor was 
inserted on day 1 of the study in the subcutaneous tissue 
of the buttocks or abdomen, depending on personal 
preference. Each participant was given exact portions of 
foodstuffs with a defined meal plan. The first meal test 
(dinner) was performed in the laboratory under the 
supervision of an educator who trained participants in 
using the CGMS and glucometers (Hypoguard Advance, 
Woodbridge, United Kingdom)18 and provided them with
detailed information about the study design. The CGMS 
was calibrated several times per day using plasma glucose 
values measured by personal glucometer, Advance.  
All participants were asked to keep a logbook with 
entries about their food and medication intake, physical 
activity, and other events. The T2DM patients were given 
an exact number of placebo pills and were instructed to 
take them. Participants were asked to fast for 10 or 4 h  
before breakfast and dinner, respectively, to eat up each 
portion of test food within 5 min, and not to perform 
any strenuous physical activity 120 min after food 
consumption. They were given the option of drinking 
300 ml of water or unsweetened tea with each test meal, 
if desired. The subjects were asked to always enter the 
event “food” into the CGMS monitor just before starting to 
consume the tested food. During the day (except breakfast, 
dinner, respective postprandial 120 min periods, and 
preprandial periods of fast), they were free to eat 

any meal, provided that the total daily energy intake 
remained steady (± 10%). All subjects were asked to 
maintain a constant physical activity, not to smoke,  
and not to consume alcohol during the test periods. 
Participants were encouraged to contact a 24 h phone 
line in case of technical problems or any questions.

Calculation of the Glycemic Index and Statistical 
Analysis
At the end of the test period, CGMS data were downloaded 
to a personal computer and exported from the CGMS 
Solutions SoftwareTM 7310 v. 3.0C (Medtronic MiniMed, 
Northridge, CA) to the software program DegifXL.19,20

The IAUC (Figure 2) was determined using calculus 
(integration, as the sum of the all 24 trapezoid areas) 
according to the formula IAUC = Si, i = 1,…, 24, where

Gi is the glucose concentration at a particular time, 
G0 is the starting glucose concentration; and Dt = 5 min 
for Gi < G0, Si = 0.

The subject-related GI for a particular test food was 
calculated in every individual separately according to 
the formula

GI = 
average IAUCtest food

average IAUCglucose
 × 100[%]

 

Table 3.
The Eight-Day Standard Meal Plan for Healthy Persons Testing Five Different Foods (Four Test Foods and 
One Standard Food) for Breakfasts and Dinners

Day 1 2 3 4 5 6 7 8

Breakfast Glucose
Puffed rice 

squares
Dark 

chocolate
Apple baby 

food
Strawberry 

yogurt
Glucose

Puffed rice 
squares

Dinner
Dark 

chocolate
Apple baby 

food
Strawberry 

yogurt
Glucose

Puffed rice 
squares

Dark 
chocolate

Apple baby 
food

Strawberry 
yogurt

Si = (Gi – G0) + (Gi-1 – G0)
2

 × Dt

Figure 2. Calculation of the IAUC.
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Plasma glucose curves were constructed from 25 glucose 
values obtained by the CGMS within 120 min after the 
Plasma glucose curves were constructed from 25 glucose 
values obtained by the CGMS within 120 min after the 
meal in 5-min intervals. Each food was tested three 
times within 8 days in HP and four times in T2DM 
patients in two test periods.

Whenever the Shapiro–Wilk test revealed non-normal 
distribution of values, nonparametric tests (Friedmann 
test, Wilcoxon signed rank test, and Mann–Whitney test)  
were applied.

In T2DM patients, individual GIs from tests 1, 2, 3, and 4 
were calculated and compared using the Friedmann test 
followed by the Wilcoxon signed rank test; Bonferroni 
correction was performed to obtain the final significance p. 
The GI of test 4 was compared to HP using the Mann–
Whitney test.

In HP (n = 20) first, the mean from tests 1, 2, and 3 
was calculated for each individual, and then the group-
averaged GI was calculated as the mean of the sample. 
Out of a total of 60 tests, 8 had to be excluded from the 

statistical evaluation due to nonadherence to the study 
protocol (as registered in the log books).

In T2DM patients, the values of preprandial glycemia  
before test meals in tests 1, 2, 3, and 4 were compared 
using analysis of variance (ANOVA). The daily MPG 
values as calculated by CGMS Solutions Software  
(mean sensor glucose value) of days 2, 8, and 39 were 
compared using ANOVA. Wilcoxon signed ranks test was 
applied to compare the HbA1c values of days 1 and 38.  
The GRC was assessed by the IAUC. The IAUC  
(mmol/liter⋅h) was calculated for each foodstuff in 
tests 1, 2, 3, and 4, and the comparison between 
individual tests was performed using Wilcoxon signed 
ranks test. Subject-related GIs of tests 1, 2, 3, and 4  
were evaluated in each T2DM patient. No tests were 
excluded due to nonadherence to the study protocol. 
Microsoft Excel, software DegifXL, and SPSS v. 15.0  
were used to analyze data.

Results
The group-related GI values in T2DM patients (tests 1, 2, 3, 
and 4) and in HP (mean of three tests ± standard error)  
are shown in Table 4.

Table 4.
Glycemic Index of Foods in Type 2 Diabetes Patients and in Healthy Persons

Food Value
T2DM patient 

Test 1
T2DM patient 

Test 2
T2DM patient 

Test 3
T2DM patient 

Test 4 Significancea Healthy 
persons Significanceb

No. of days 
without OAD

0–2 2–5 5–8
38-50 days 
after OAD 

reintroduction
n/a

Glucose

Median
Mean
Standard error
n

100
100
—
16

100
100
—
16

100
100
—
16

100
100
—
15

100

Apple baby 
food

Median
Mean
Standard error
n

48.0
69.6
15.9
16

40.5
46.5
6.6
16

47.9
95.8
45.6
16

21.4
28.0
6.4
15

0.012c

46.6
53.8
8.4
20

0.002

Puffed rice 
squares

Median
Mean
Standard error
n

77.4
90.6
9.0
16

88.0
86.6
9.2
16

90.7
200.6
113.3

16

63.1
75.5
11.7
15

0.154

77.3
76.9
6.3
19

0.615

Strawberry 
yogurt

Median
Mean
Standard error
n

41.5
47.1
5.5
16

58.5
63.4
8.8
16

47.4
77.5
25.8
16

45.6
51.3
7.8
15

0.428

32.3
37.7
4.8
20

0.089

Dark 
chocolate

Median
Mean
Standard error
n

41.4
48.0
7.0
16

48.5
58.4
7.2
16

45.3
57.8
16.4
16

43.8
56.1
14.5
15

0.098

38.6
44.0
4.9
20

0.790

a Friedman test for comparing GI in test 1 versus test 2 versus test 3 versus test 4.
b Mann–Whitney test for comparing GI in HP versus test 4 with T2DM patients
c Test 3 versus test 4 (Wilcoxon signed rank test)
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Influence of Oral Antidiabetes Drugs on 
Hyperglycemic Response to Foods
The comparison between the GI values of tests 1, 2, 3, and 
4 for each foodstuff in T2DM patients using Wilcoxon 
signed ranks test showed no significant differences. 
However, in some persons, the subject-related GI value 
increased during the placebo period and returned toward 
baseline after reintroduction of OAD.

There were 60 GI pairs (test 4 versus test 3) obtained from 
15 T2DM patients after consumption of four different foods. 
A reduction of GI in test 4 was observed in 36/60 pairs: 
in four persons in all four foods (16/16), in three persons 
in three foods (9/12, meaning 9 reductions in a total 
of 12 pairs obtained from these three persons), in four  
persons in two foods (8/16), and in three persons in one 
food (3/12). The number of persons with GI reductions 
for individual tested foods (15 pairs each) was as follows: 
there were 12 reductions out of 15 GI pairs in apple baby 
food, 10/15 in puffed rice squares, 8/15 in strawberry 
yogurt, and 6/15 in dark chocolate.

The comparison of IAUC of tests 1, 2, 3, and 4 for each 
foodstuff using Wilcoxon signed ranks test showed 
significant difference in apple baby food only (Figure 3), 
where the IAUC of test 3 was larger than the IAUC of  
test 4 (4.38 versus 2.20 mmol/liter⋅h, respectively, p = .012).

The ANOVA showed no significant differences either in 
preprandial plasma glucose values of tests 1, 2, 3, and 4  
or in the daily MPG values of days 2, 8, and 39 (11.04 ± 0.77 
versus 11.82 ± 0.83 versus 10.74 ± 1.02 mmol/liter, 
respectively, mean ± standard error). Wilcoxon signed 
ranks test revealed no significant difference in HbA1c 
values between the beginning (day 1) and the end 
(day 38) of the study (5.31 ± 0.48% versus 5.28 ± 0.49%, 
respectively, mean ± standard error).

Comparison of Glycemic Index and Glucose 
Response Curves in Persons with Type 2 Diabetes 
and Healthy Persons
There were no significant differences in GIs between HP 
and T2DM patients except in apple baby food (Figure 4), 
which had a significantly lower GI in T2DM patients  
(test 4) than in HP (28.0 ± 6.4 versus 53.8 ± 8.4, 
respectively, p = .002).

The comparison of GRCs between OAD-treated T2DM 
patients (test 4) and HP showed significant differences in  
all foods except in apple baby food (Figure 3, Figure 5, 
and Table 5).

Figure 3. Glucose response curves expressed as IAUC (mmol/liter⋅h) 
after ingestion of a portion of apple baby food containing 50 g 
carbohydrates in T2DM patients (test 1, performed within 2 days after the 
withdrawal of OAD; test 2, performed 2 to 5 days after the withdrawal 
of OAD; test 3, performed 5 to 8 days after the withdrawal of OAD;  
test 4 performed 38 to 50 days after the reintroduction of OAD) and HP.  
p = .012 for test 3 versus test 4.

Figure 4. Apple baby food GI values for T2DM patients treated with 
OAD (test 1, performed within 2 days after the withdrawal of OAD,  
n = 16; test 2, performed 2 to 5 days after the withdrawal of OAD, 
n = 16; test 3, performed 5 to 8 days after the withdrawal of OAD, 
n = 16; test 4, performed 38 to 50 days after the reintroduction of OAD, 
n = 15) and HP (n = 20). Test 4 versus HP, p = .002
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Discussion
Many studies report the effects of high/low-GI diets 
on the control of T2DM,8,9,11,12,21–23 but the number of 
studies reporting GI determination in T2DM patients is 
rather sparse.24 However, it was shown that a long-lasting
low-GI diet intervention leads to a reduction of anti-
hyperglycemic medication and to HbA1c reduction in 
T2DM patients.25 To our knowledge, data on the influence 
of OAD on the GI of foods have not been reported.

Specific methodologies7,19,26,27 applied in different centers 
(e.g., capillary versus venous blood versus interstitial 
fluid sampling) make comparison of GIs more difficult. 
Interindividual and intraindividual variability of GIs  
also contribute to differences in GI values.28 Not only the 
quality of available carbohydrates in the food, but also 
other factors such as the amount and type of protein, fat, 
starch, particle size, food storage, and processing may 
influence the GI value.29,30

The energetic value and content of nutrients varied in the 
tested foodstuffs, as it was our intention to test foods 

Figure 5. Glucose response curves expressed as IAUC (mmol/liter⋅h) 
after ingestion 50 g glucose in T2DM patients (test 1, performed 
within 2 days after the withdrawal of OAD; test 2, performed 2 to 5 
days after the withdrawal of OAD; test 3, performed 5 to 8 days after 
the withdrawal of OAD; test 4, performed 38 to 50 days after the 
reintroduction of OAD) and HP. p = .012 for test 3 versus test 4.

Table 5.
Glucose Response Curves Expressed as Incremental Area Under the Curve (mmol/liter⋅h) in Type 2 Diabetes 
Patients and Healthy Persons

Food Value
T2DM patient 

Test 1
T2DM patient 

Test 2
T2DM patient 

Test 3
T2DM patient 

Test 4 Significancea Healthy 
persons Significanceb

No. of days 
without OAD

0–2 2–5 5–8
38-50 days 
after OAD 

reintroduction
n/a

Glucose

Median
Mean
Standard error
n

10.4
10.1
0.67
16

9.5
9.2

0.86
16

9.8
9.3
0.91
16

10.2
9.5
1.01
15

0.878

3.6
4.0

0.52
20

0.0001

Apple baby 
food

Median
Mean
Standard error
n

3.9
7.2

2.02
16

4.4
3.9

0.48
16

4.4
4.9

0.59
16

2.2
2.5

0.54
15

0.001c

1.6
1.8
0.19
20

0.386

Puffed rice 
squares

Median
Mean
Standard error
n

7.8
8.7

0.81
16

7.5
7.9
1.13
16

9.0
8.5
1.20
16

6.3
6.4
1.15
16

0.154

2.8
3.2
0.36
20

0.042

Strawberry 
yogurt

Median
Mean
Standard error
n

4.1
4.7

0.66
16

5.5
5.6
0.73
16

4.2
4.9

0.85
16

4.6
4.5
0.77
16

0.428

1.5
1.6

0.22
20

0.002

Dark 
chocolate

Median
Mean
Standard error
n

4.2
4.6

0.69
16

5.5
5.3
0.70
16

3.7
3.9

0.49
16

3.3
4.7

3.69
16

0.098

1.9
2.0

0.23
20

0.006

a Friedmann test for comparing IAUC in test 1 versus test 2 versus test 3 versus test 4
b Mann-Whitney test for comparing IAUC in HP versus test 4 in T2DM patient
c Test 3 versus test 4 (Wilcoxon signed rank test)
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with different expected GI values. From this point of 
view, apple baby food and puffed rice squares are similar 
in their characteristics; both have a low fat and protein 
content (Table 2), yet their GIs fall in the low- and 
high-GI group of foods, respectively.31,32 A reduction of 
GI after the reintroduction of OAD was more frequent 
in low-fat and low-protein foods (apple baby food, puffed 
rice squares) than in foods with higher content of fat and 
protein (strawberry yogurt, dark chocolate).

In this study, the CGMS was used to determine the GI. 
Even though this approach differs from the traditional 
method recommended by the WHO,7 previous studies 
have shown high correlation in GI outcomes between 
both methods,32,33 and the accuracy of the CGMS was 
proven.34–37 The fact that test meals were eaten both for 
breakfast and for dinner led to a higher number of tests 
in one test period.19 In addition, at-home food testing 
provided a more relaxed atmosphere for all subjects 
compared to the traditional laboratory setting. Using the  
software program DEGIF XL for GI determination made 
GI calculation easy and fast.19,38 The CGMS sensors 
were well tolerated in all subjects, even when used 
continuously for more than three days.34,39

The strength of this pilot study is that it demonstrates the 
subject-related glycemic effects of OAD therapy. On the  
other hand, our results are undoubtedly weakened by the 
fact that the group of T2DM patients was not homogenous 
and different OAD were used.

Our results have shown no significant difference in group-
related GIs between healthy subjects and T2DM patients 
except in apple baby food, which had a significantly 
lower GI in OAD-treated T2DM patients (test 4) than 
in HP. Apart from this observation, the IAUC after the 
consumption of apple baby food was significantly larger  
in test 3, i.e., after the 8-day OAD withdrawal, compared 
to the IAUC of test 4, which was assessed 39 days after 
the OAD reintroduction. This is the only significant 
difference revealing the potential group-related effect  
of OAD treatment on the GRC. On the other hand, it is 
clearly shown that the IAUC in test 4 is larger than 
the IAUC in HP in all foods except in apple baby food, 
where there is no significant difference.

The time elapsed from the last dose of OAD until test 1 
was not identical in all foods due to technical reasons. 
Test 1 with chocolate was performed 12 h after the last 
OAD dose, and the remaining tests 1 with glucose, apple 
baby food, puffed rice squares, and strawberry yogurt 
were performed within 48 h of placebo introduction. 

However, the comparison between healthy subjects and 
T2DM patients was done with test 4, which was performed 
under regular OAD treatment.

Our findings have shown no significant changes in 
preprandial plasma glucose values and in daily MPG 
concentration before and after the OAD withdrawal. 
This statistical conclusion was surprising and leaves the 
question of whether this is due to OAD failure in some 
of the study participants. Nevertheless, the evaluation 
of individual subjects revealed potential influence of 
OAD on GIs in some persons and some foodstuffs and 
no or even adverse influence in others. Considering the 
already known large interindividual variability of GI 
due to various factors,22 and recent findings on extended 
prandial glycemic profiles of foods,40,41 this observation 
appears to be worthy of further investigation. In addition, 
the OAD withdrawal lasted only 8 days, which is a 
relatively short time, and the effects of OAD may have 
persisted during this interval.42,43

The length of the OAD withdrawal was based on the 
recommendation of the ethics committee in order to 
avoid threatening hyperglycemia. Because the results of 
our study do not show any deterioration in metabolic 
control after an 8-day placebo treatment, we believe 
that a longer period of OAD withdrawal in combination 
with continuous glucose monitoring may bring more 
evidence about the influence of OAD therapy on GI and 
GRCs without unnecessary hazard for the tested persons.  
In addition, nonresponders to OAD may be identified and 
become candidates for a more efficient therapeutic option.

Conclusions
Influence of OAD on hyperglycemic response to foods 
remains worthy of further investigation.

Even though the statistical methods used in this study 
failed to support our hypothesis that the administration  
of OAD influences the hyperglycemic response to foods, 
the subject-related individual assessment of GI and 
MPG revealed persons with and without OAD effect. 
Therefore, determination of subject-related GI and GRCs  
using the CGMS appears to be a potential means to the 
evaluation of efficacy of OAD treatment. Further studies 
are underway.

Disclosures:

This work was supported by Czech Republic Ministry of Health 
Grants IGA NR 7825-3 and IGA NS 10283-3, and Czech Republic 
Ministry of Education Grant MSM 6198959216.



991

Influence of Oral Antidiabetic Drugs on Hyperglycemic Response to Foods in Persons with Type 2 Diabetes Mellitus  
as Assessed by Continuous Glucose Monitoring System: A Pilot Study Peterson

www.journalofdst.orgJ Diabetes Sci Technol Vol 4, Issue 4, July 2010

Acknowledgments:

The authors thank Ludmila Chlupova, Galina Kuzmina, Helena Pribylova, 
Jarmila Rehorova, Lenka Slezakova, and all volunteers for their assistance 
in precise accomplishment of the study protocol.

Parts of this study were presented at the 3rd Scientific Conference 
dedicated to Prof. MUDr. Rudolf Korec, Dr.Sc., Slovak Diabetes Association, 
Topolcianky, Slovakia, April 2006, and at the 67th Scientific Sessions  
of the American Diabetes Association, Chicago, IL, June, 2007.

References:

1.	 Otto H, Bleyer G, Pennartz M, Sabin G, Schauberger G, Spaethe R.  
Kohlenhydrataustausch nach biologischen Äquivalenten. [Exchange  
of Carbohydrates according to biological equivalents.] In: Diätetik 
bei Diabetes mellitus. [Diet in diabetes mellitus.] Spaethe R, ed. 
Bern: Verlag Hans Huber;1973, 41–50.

2.	 Jenkins  DJ, Wolever  TM, Taylor  RH, Barker  H, Fielden  H, 
Baldwin JM, Bowling AC, Newman HC, Jenkins AL, Goff DV. 
Glycemic index of foods: a physiological basis for carbohydrate 
exchange. Am J Clin Nutr. 1981;34(3),362–6.

3.	 Barclay  AW, Petocz  P, McMillan-Price  J, Flood  VM, Prvan  T, 
Mitchell P, Brand-Miller JC. Glycemic index, glycemic load, and 
chronic disease risk-a meta-analysis of observational studies.  
Am J Clin Nutr. 2008;87(3):627–37.

4.	 Foster-Powell K, Holt SH, Brand-Miller JC. International table 
of glycemic index and load values: 2002. Am J Clin Nutr.  
2002;76(1):5–56.

5.	 Hare-Bruun H, Nielsen BM, Grau K, Oxlund AL, Heitmann BL. 
Should glycemic index and glycemic load be considered in dietary 
recommendations? Nutr Rev. 2008;66(10):569–90.

6.	 Hermansen  ML, Eriksen  NM, Mortensen  LS, Holm  L,  
Hermansen K. Can the glycemic index (GI) be used as a tool in 
the prevention and management of type 2 diabetes? Rev Diabet 
Stud. 2006;3(2):61–71.

7.	 Food and Agriculture Organization, World Health Organization. 
Carbohydrates in human nutrition. Report of a joint FAO/WHO 
expert consultation. FAO Food Nutr Pap. 1998;66:1–140.

8.	 Brand  JC, Colagiuri  S, Crossman  S, Allen  A, Roberts  DC, 
Truswell  AS. Low-glycemic index foods improve long-term 
glycemic control in NIDDM. Diabetes Care. 1991;14(2):95–101.

9.	 Brand-Miller J, Hayne S, Petocz P, Colagiuri S. Low-glycemic 
index diets in the management of diabetes: a meta-analysis of 
randomized controlled trials. Diabetes Care. 2003; 26(8):2261–7.

10.	 Brand-Miller JC. Postprandial glycemia, glycemic index, and the 
prevention of type 2 diabetes. Am J Clin Nutr. 2004;80(2):243–4.

11.	 Burani  J, Longo  PJ. Low-glycemic index carbohydrates: an effective 
behavioral change for glycemic control and weight management in 
patients with type 1 and 2 diabetes. Diabetes Educ. 2006;32(1):78–88.

12.	 Heilbronn LK, Noakes M, Clifton PM. The effect of high- and  
low-glycemic index energy restricted diets on plasma lipid and 
glucose profiles in type 2 diabetic subjects with varying glycemic 
control. J Am Coll Nutr. 2002;21(2):120–7.

13.	 Järvi  AE, Karlström  BE, Granfeldt  YE, Björck  IE, Asp  NG,  
Vessby BO. Improved glycemic control and lipid profile and 
normalized fibrinolytic activity on a low-glycemic index diet in 
type 2 diabetic patients. Diabetes Care. 1999;22(1):10–8.

14.	 Peterson  K, Zapletalova  J, Kudlova  P, Matuskova  V, Bartek  J, 
Novotny D, Chlup R. Benefits of three-month continuous glucose 
monitoring for persons with diabetes using insulin pumps and 
sensors. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2009;153(1):47–51.

15.	 Langova K, Pribylova H, Kajabova M, Luza J. Assessment of 
haemoglobin A1c evolution using two statistical approaches 
(survival analysis and linear regression) in persons with diabetes 
mellitus. Biomed Pap Med Fac Univ Palacky Olomouc Czech 
Repub. 2009;153(2):137–43.

16.	 Blevins TC. Professional continuous glucose monitoring in clinical 
practice 2010. J Diabetes Sci Technol. 2010;4(2):440–56.

17.	 Mlčák P, Fialová J, Trnková K, Chlup R. A continuous glucose 
monitoring system (CGMS)—a promising approach for improving 
metabolic control in persons with type 1 diabetes mellitus treated by 
insulin pumps. Biomed Pap Med Fac Univ Palacky Olomouc Czech 
Repub. 2004;148(1):33–8.

18.	 Chlup R, Payne M, Zapletalova J, Komenda S, Doubravova B, 
Reznickova M, Chlupova L, Seckar P. Results of selfmonitoring  
on glucometer systems Advance and Optium in daily routine. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2005;149(1):127–39.

19.	 Chlup  R, Seckar  P, Zapletalová  J, Langová  K, Kudlová  P,  
Chlupová K, Bartek J, Jelenová D. Automated computation of 
glycemic index for foodstuffs using continuous glucose monitoring.  
J Diabetes Sci Technol. 2008,2(1):67–75.

20.	 Pribylova H. Pallayova M, Hucikova J, Luza J. Evaluation of the 
new software program DegifXL4 in the determination of the 
glycaemic indices of foodstuffs. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub. 2008;152(1):65–71.

21.	 Riccardi G, Rivellese AA, Giacco R. Role of glycemic index and 
glycemic load in the healthy state, in prediabetes, and in diabetes. 
Am J Clin Nutr. 2008;87(1):269S–74S.

22.	Rizkalla SW, Taghrid L, Laromiguiere M, Huet D, Boillot J,  
Rigoir A, Elgrably F, Slama G. Improved plasma glucose control, 
whole-body glucose utilization, and lipid profile on a low-glycemic 
index diet in type 2 diabetic men: a randomized controlled trial. 
Diabetes Care. 2004;27(8):1866–72.

23.	 Slama G, Elgrably F, Kabir M, Rizkalla SW. Role of low-glycemic-
index foods in improving overall glycemic control in type 1 and 
type 2 diabetic patients and correcting excessive postprandial 
hyperglycemia. Horm Metab Res. 2006;38(7):465–8.

24.	 Wolever TM, Jenkins DJ, Josse RG, Wong GS, Lee R. The glycemic 
index: similarity of values derived in insulin-dependent and non-
insulin-dependent diabetic patients. J Am Coll Nutr. 1987;6(4):295–305.

25.	 Ma Y, Olendzki BC, Merriam PA, Chiriboga DE, Culver AL, Li W,  
Hébert JR, Ockene IS, Griffith JA, Pagoto SL. A randomized clinical 
trial comparing low-glycemic index versus ADA dietary education 
among individuals with type 2 diabetes. Nutrition. 2008;24(1):45–56.

26.	 Brouns  F, Bjorck  I, Frayn  KN, Gibbs  AL, Lang  V, Slama  G,  
Wolever TM. Glycaemic index methodology. Nutr Res Rev. 
2005;18(1):145–71.

27.	 Wolever TM, Jenkins DJ, Jenkins AL, Josse RG. The glycemic 
index: methodology and clinical implications. Am J Clin Nutr. 
1991;54(5):846–54.

28.	 Wolever TM, Brand-Miller JC, Abernethy J, Astrup A, Atkinson F,  
Axelsen  M, Björck  I, Brighenti  F, Brown  R, Brynes  A, Casiraghi MC, 
Cazaubiel M, Dahlqvist L, Delport E, Denyer GS, Erba D, Frost G,  
Granfeldt Y, Hampton S, Hart VA, Hätönen KA, Henry CJ, 
Hertzler S, Hull S, Jerling J, Johnston KL, Lightowler H, Mann  N, 
Morgan  L, Panlasigui  LN, Pelkman  C, Perry  T, Pfeiffer AF, Pieters M,  
Ramdath DD, Ramsingh RT, Robert SD, Robinson  C, Sarkkinen  E, 
Scazzina  F, Sison  DC, Sloth  B, Staniforth J, Tapola N, Valsta  
LM, Verkooijen I, Weickert MO, Weseler AR, Wilkie P, Zhang J. 
Measuring the glycemic index of foods: interlaboratory study. Am 
J Clin Nutr. 2008;87(1):247S–57S.



992

Influence of Oral Antidiabetic Drugs on Hyperglycemic Response to Foods in Persons with Type 2 Diabetes Mellitus  
as Assessed by Continuous Glucose Monitoring System: A Pilot Study Peterson

www.journalofdst.orgJ Diabetes Sci Technol Vol 4, Issue 4, July 2010

29.	 Brand  JC, Nicholson  PL, Thorburn  AW, Truswell  AS. Food 
processing and the glycemic index. Am J Clin Nutr. 1985;42(6):1192–6.

30.	 Wolever TM, Bolognesi C. Source and amount of carbohydrate 
affect postprandial glucose and insulin in normal subject. J Nutr. 
1996;126(11):2798–806.

31.	 Brand-Miller J, Wolever TM, Foster-Powell K, Colagiuri S. All 
about the glycemic index. The new glucose revolution. New York: 
Marlowe & Company; 2003, 33.

32.	 Chlup  R, Jelenová  D, Kudlová  P, Chlupová  K, Bartek  J,  
Zapletalová  J, Langová  K, Chlupová  L. Continuous glucose 
monitoring—a novel approach to the determination of the 
glycaemic index of foods (DEGIF1)—determination of the 
glycaemic index of foods by means of the CGMS. Exp Clin 
Endocrinol Diabetes. 2006;114(2):68–74.

33.	 Pearce KL, Noakes M, Keogh J, Clifton PM. Effect of carbohydrate 
distribution on postprandial glucose peaks with the use of 
continuous glucose monitoring in type 2 diabetes. Am J Clin Nutr. 
2008;87:638–44.

34.	Chlup R, Jelenová D, Chlupová K, Zapletalová J, Chlupová L, 
Bartek J. Function and accuracy of glucose sensors beyond their 
stated expiry date. Diabetes Technol Ther. 2006;8(4):495–504.

35.	 Gross  TM, Mastrototaro  JJ. Efficacy and reliability of the 
continuous glucose monitoring system. Diabetes Technol Ther. 
2000;2 Suppl 1:19–26.

36.	 Klonoff DC. A review of continuous glucose monitoring technology. 
Diabetes Technol Ther. 2005;7(5):770–5.

37.	 Wallace A, Willis J, Monro J, Frampton C, Hederley D, Scott R.  
No difference between venous and capillary blood sampling 
and the Minimed continuous glucose monitoring system for 
determining the blood glucose response to food. Nutr Res. 
2006;26(8):403–8.

38.	 Fajkusova Z, Jadviscokova T, Pallayova M, Matuskova V, Luza J,  
Kuzmina G. Glycaemic index of selected foodstuffs in healthy 
persons. Biomed Pap Med Fac Univ Palacky Olomouc Czech 
Repub. 2007;151(2):257–61.

39.	 Jadviscokova T, Fajkusova Z, Pallayova M, Luza J, Kuzmina G. 
Occurence of adverse events due to continuous glucose monitoring. 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2007;151(2):263–6.

40.	 Brand Miller JC, Stockmann K, Atkinson F, Petocz P, Denyer G. 
Glycemic index, postprandial glycemia, and the shape of the curve 
in healthy subjects: analysis of a diabase of more than 1000 foods. 
Am J Clin Nutr 2009;89:97-105. 

41.	 Chlup  R, Peterson  K, Zapletalová  J, Kudlová  P, Sečkař  P.  
Extended Prandial Glycemic Profiles of Foods as Assessed Using 
Continuous Glucose Monitoring Enhance the Power of the 
120-Minute Glycemic Index. J Diabetes Sci Technol 2010;4(3):615–24.

42.	 Davidson MB, Peters AL. An overview of metformin in the 
treatment of type 2 diabetes mellitus. Am J Med. 1997;102(1):99–110.

43.	 DeFronzo RA, Goodman AM, Multicenter Metformin Study Group. 
Efficacy of metformin in patients with non-insulin-dependent 
diabetes mellitus. N Engl J Med. 1995;333:541–9.


