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Abstract
Objective: Evaluate the influence of the glycemic index
(GI) and glycemic load (GL) of the diet in the glycemic
control of children and teenagers with type 1 diabetes
mellitus (DM1).
Methods: A total of 146 subjects, aged 7-19 years,
monitored at the Division of Pediatric Endocrinology at
the HC/UFMG participated in the study. The consumed
diet was evaluated using a quantitative food frequency
questionnaire previously validated and tested in a pilotproject. The GI of the participant’s diet was estimated
according to the equation described by Wolever and
Jenkins (1986). The GL was estimated using the equation
proposed by Foster-Powell et al. (2002). The glycemic
control was classified as good, intermediate or poor
according to the average of two HbA1c values obtained
six months prior to the dietary evaluation date.
Results: Subjects that had good glycemic control
consumed diets with significantly (Tukey test, p = 0.000)
lower GI/GL (54.8 ± 2.7/118.3 ± 29.8) than the ones with
intermediate (60.1 ± 3.8/142.5 ± 27.3) and poor (60.3 ±
4.1/153.7 ± 40.7) glycemic control. The diet consumed by
75.5% of diabetics with good glycemic control was classified as medium GL, suggesting that the consumption of
medium GL diet may favor an adequate glycemic control.
The low GI diet consumed by these participants also
presented higher protein content, which might have
contributed to the attenuation of the postprandial
glycemic response and better glycemic control of these
patients.
Conclusion: The intake of a reduced GI/GL diet favors
the glycemic control of the studied population.
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INFLUENCIA DEL INDICE GLICÉMICO
Y LA CARGA GLUCÉMICA DE LA DIETA
EN EL CONTROL GLUCÉMICO DE NIÑOS
Y ADOLESCENTES DIABÉTICOS
Resumen
Objetivo: Evaluar la influencia del índice glucémico
(IG) y de la carga glucémica (CG) de la dieta en el control
glucémico de los diabéticos.
Métodos: El estudio incluyó 146 individuos con edades
comprendidas entre 7-19 años, visto en la División de
Endocrinología Pediátrica del HC/UFMG. La dieta fue
evaluada utilizando un cuestionario de frecuencia alimentaria cuantitativa validado y previamente probado
en un proyecto piloto. El IG de la dieta se estimó de
acuerdo con ecuación descrita por Wolever y Jenkins
(1986). El CG se calcula utilizando la ecuación propuesta
por Foster-Powell et al. (2002). El control glucémico fue
calificado como buen, regular o mal a través de la media
de dos resultados de la HbA1c de los seis meses anteriores
a la fecha de evaluación de la dieta.
Resultados: Los sujetos que tenían un buen control glucémico consumieron dietas con IG/CG significativamente
(prueba de Tukey, p = 0,000) más baja (54,8 ± 2,7/118,3 ±
29,8) que los que tenían el control regular (60,1 ± 3,8/
142,5 ± 27,3) y mal (60,3 ± 4,1/153,7 ± 40,7). La dieta ingerida por 75% de los diabéticos con un buen control glucémico presentó promedio CG, lo que sugiere que el control
glucémico también se puede obtener cuando la ingesta
alimentaria presenta esta característica. La dieta con IG
bajo había un mayor contenido proteico, que puede haber
contribuido a la atenuación de la respuesta de la glucemia
postprandial, y un mejor control glucémico de los pacientes que ingirieron esta dieta.
Conclusión: El consumo de dietas con reducción del IG
y CG favoreció el control glucémico de la población estudiada.
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Abbreviations
DM1: Type 1 Diabetes mellitus.
GI: Glycemic index.
GL: Glycemic load.
HC/UFMG: Hospital das Clínicas-Federal University of Minas Gerais.
MW: Minimum Wage.
IMC: Body mass index.
QFFQ: Quantitative food frequency questionnaire.

glycemic control of Brazilian diabetic children and
teenagers. Studies of this nature are important, since
they enable the evaluation of the impact of these parameters in the glycemic control of those subjects and
consequently, in their quality of life. Thus, the objective of this study was to estimate the GI and GL of the
diet consumed by children and teenagers with DM1
and to verify the influence of these parameters in the
glycemic control of the studied population.
Methodology

Introduction
Participants
Diabetes mellitus (DM) is a metabolic syndrome
caused by defects in insulin secretion and/or action.1 It
is characterized by chronic hyperglycemia, affecting
the metabolism of carbohydrate, fat and protein.2 It is
the most frequent endocrine-metabolic disorder that
may occur during childhood and adolescence leading
to a high morbimortality, with considerable loss of
quality of life of its carriers. The achievement of an
adequate glycemic control is the main objective in the
treatment of DM, which is based in a balance between
insulin, diet and physical activity.3
The diet component that has the greatest influence in
the glycemia is the carbohydrate. Although the quantity of carbohydrate is considered the main determinant
of the postprandial glycemia, the type of carbohydrate
can also affect this response.4 The glycemic index (GI)
is a parameter used to classify foods according to their
postprandial glycemic response.5
By definition, the GI compares the effect of the
consumption of a fixed amount of available carbohydrate
(25 or 50 g) on the glycemia, having white bread or
glucose as reference food. GI provides a measurement of
the quality, but not of the quantity of the consumed carbohydrate. However, since the glycemic response is also
affected by the amount of the consumed carbohydrate, the
glycemic load (GL) has been considered as a better parameter to quantify the impact of carbohydrate in the
glycemia. The GL reflects the glycemic response obtained
after the consumption of a meal containing a variable
amount of carbohydrates. Despite the fact that the GL is a
parameter derived from the GI, the GL reflects better the
glycemic response and the insulin demand in free living
conditions, since in such conditions the amounts of carbohydrate consumed in each meal usually varies.6,7
In the scientific community, there is an extensive
discussion regarding the clinical use of the GI/GL.
Results from several random clinical trials have reported
that the consumption of low GI diets reduces the
glycemic response in diabetic subjects.8-12 However, this
type of benefit was not confirmed in other studies.13,14
The effect of GL in the glycemic control of diabetic
patients is not well documented in the literature.
In recent literature review in the main health data
bases (MEDLINE, LILACS, SciELO), no publications
were found depicting the influence of GI and GL in the

Glycemic index/load and glycemic
control in DM1

DM1children and teenagers, aged between 7 and 19
years, having the DM diagnosed for at least one year,
which were monitored by the Division of Pediatric
Endocrinology at the Clinical Hospital of the Federal
University of Minas Gerais (HC/UFMG) were selected
to participate in the study. Sample size calculation (n =
140) for this study was established considering the total
number of DM1children and teenagers (n = 240) that
met the previously described inclusion criteria, considering 10% of sample loss. A 5% margin of error, reliability level of 90% and maximum variance for the
proportion responses were adopted. The sampling
strategy was determined by re-census, that is, subjects
that attended the ambulatory at HC/UFMG were interviewed between June 2007 and March 2008, in random
and alternate days. The study was approved by the
Ethics Committee of the Federal University of Minas
Gerais. The parents responsible or the interviewee
himself, if over 18, signed a consent form, after full
disclosure regarding the objectives of the research.
Materials and methods
The data used in the study was obtained using a
semi-structured questionnaire previously tested in a
pilot-study. This questionnaire was answered by the
patients themselves and/or by their parent. The
complementary information was obtained from the
medical files.
The family and per capita incomes were evaluated in
Brazilian currency (Real) and in terms of Minimum
Wage (MW), which at the time of the interview was
equivalent to US$ 194.00.
Body weight and height were measured according to
Jelliffe (1968)15 technique and the body mass index
(BMI) was calculated, dividing the weight in kilograms
by the height in meters squared16. The children and the
teenagers nutritional status was classified based on the
obtained BMI value, according to Himes (2009)17 as:
underweight (< 5 percentile), eutrophic (≥ 5 percentile
and < 85 percentile), overweight (≥ 85 percentile and
< 95 percentile) and obese (≥ 95 percentile), according
to the percentiles generated by the DietPro program
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(version 4)18 that uses the anthropometric reference
from the Center for Disease Control and Prevention
(CDC, 2000).
The glycemic control was evaluated, within six
months prior to the dietary evaluation date, according
to the average of two HbA1c values obtained from
medical records (patients’ HbA1c were assessed at
each three months). The degree of glycemic control
was classified according to the criterion proposed by
Chase (1989),19 dividing the patient’s HbA1c value by
the upper limit of reference value for the method used
to analyze it: good (< 1,33), intermediate (≥ 1,33 and
< 1,5), and poor (≥ 1,5).
The habitual food intake of the patients in the six
months prior to the interview was assessed using a validated quantitative food frequency questionnaire
(QFFQ).20 This QFFQ was previously tested in a pilotproject. Standardized pictures of small, medium and
large food portions were used to increase accuracy in
the estimation of the consumed foods by the diabetics
(Monteiro et al., 2007).21 The nutritional composition
of the ingested diets was analyzed using the DietPro®
software (version 4).18 The nutritional composition of
the foods listed in the questionnaire was entered into
the software, considering mainly the data from the
Brazilian Table of Food Composition (2006).22 Additional information was taken from two other tables.23,24
The GI of the diet ingested by the participants of the
study was estimated from the sum of the GI values of
the foods ingested daily, according to the equation
described by Wolever and Jenkins (1986)25 and recommended by FAO (1998). The GI of the consumed diet
was obtained multiplying the GI of each ingested food
(IGA, IGB, IGc...) by the amount (in grams) of available
carbohydrate contained in each one of these foods (gA,
gB, gC...), which is then divided by the total amount of
available carbohydrate of the diet (g), according to the
following equation:
Estimated IG = IGA x gA/g + IGB x gB/g.....
The available carbohydrate content was determined
by subtracting the amount of ingested fiber from the
total amount of carbohydrate.
The GI of each food was obtained, considering
glucose as reference, using the values published in the
International Table of Glycemic Index6. When the GI
of certain foods was not listed in this table, the GI of
foods having similar nutritional composition and
method of preparation was considered.
The GL of the consumed diet was estimated multiplying the sum of the GI values of the daily ingested
foods by the amount of available carbohydrate present
in the diet, divided by 1006 :
Estimated GL = (GI x g of available carbohydrate)/100
The GI and the GL of the ingested diet were classified according to the following:
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GI: ≤ 55 (low), from 56 to 69 (medium) and ≥70 (high)26
GL: ≤ 100 (low), from 101 to 199 (medium) and ≥ 200 (high)27
Statistical analysis
The data were analyzed using the statistical softwares “Statistical Package for the Social Sciences for
Windows” (SPSS), version 13.0 and “R Project of
Statistical Computing”, version 2.6.1. To evaluate the
association between categorical variables the ChiSquare test was used or the Fisher Exact test, when
indicated. To compare numeric variables between
independent groups the T-student and the Anova tests
were adopted. Multiple comparisons between the
groups were conducted using the Tukey test. Rejection
of the null hypothesis was set at 5% (p < 0.05).
Results
A total of 146 participants, aged 12.9 ± 3.6 years, with
an average disease duration equivalent to 6.9 ± 3.6 years
were included in this study. From all the participants, 91
(62.3%) were females. The great majority (96.2%) of the
diabetics (n = 130) had a family income up to 5 and
62.3% up to 2 minimum wages. As for the father and
mother’s education, 38.5% and 34.3%, respectively, had
up to a fourth grade level. Most of the subjects (87.7%)
were eutrophic. Overweight was observed in 5 (3.4%)
and underweight in 13 (8.9%) of the participants (n =
146). They received on average 0.84 ± 0.2 U of
insulin/kg/day. Most of them (91.6%) used multiple
doses of insulin (4 to 6) adjusted according to their preprandial glycemias. As for the glycemic control
presented (n = 139), 38.1% showed good control, 18.0%
intermediate control, and 43.9% poor control.
The majority of the subjects consumed a medium GI
(68.5%) and GL (81.5%) diet. The consumption of diets
of low GI (29.4%) and GL (11.0%), and high GI (2.1%)
and GL (7.5%) was less frequent among these diabetics.
The diet consumed by the subjects that presented
good/intermediate/poor glycemic control had GI and
GL values equivalent to 54.8 ± 2.7/60.1 ± 3.8/60.3 ±
4.1, and 118.3 ± 29.8/142.5 ± 27.3/153.7 ± 40.7,
respectively. The diets consumed by the diabetics with
good glycemic control had mean GI and GL significantly lower (p = 0.00) than the ones with intermediate
or poor control.
The majority of the subjects with good glycemic
control (73.6%) ingested a low GI diet. All (100%)
subjects that presented intermediate glycemic control
and most of the diabetics with poor (88.5%) control
ingested a medium GI diet. Despite the glycemic
control presented, most subjects (80.6%) ingested a
medium GL diet. However, in the subgroup with good
control a higher proportion of subjects ingested a low
GL diet (22.6%) than the ones that ingested a high GL
diet (1.9%). The opposite was observed between the
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Table I
Association between the GI and GL of the ingested diet
and the glycemic control presented by the participating
diabetic in the study

Table III
Average ± DP of the level of macronutrients, fatty acids
cholesterol, fibers of the low, medium, high glycemic,
load diets ingested by the participants of the study

Glycemic control

Glycemic load

Good
(n = 53)

Intermediate
(n = 25)

Poor
(n = 61)

GI*
Low
Medium
High

39 (73.6%)
14 (26.4%)
0 (0.0%)

0 (0.0%)
25 (100%)
0 (0.0%)

4 (6.6%)
54 (88.5%)
3 (4.9%)

GL**
Low
Medium
High

12 (22.6%)
40 (75.5%)
1 (1.9%)

1 (4.0%)
23 (92.0%)
1 (4.0%)

3 (4.9%)
49 (80.3%)
9 (14.7%)

subjects with poor control. There was a higher proportion of subjects that ingested a high GL diet (14.7%) than
the ones that ingested a low GL diet (4.9%) (table I).
Since only 3 diabetics consumed high GI diets, the
analysis were made considering only the ingestion of low
and medium GI diets. It was verified that the low GI diets
also presented lower GL; and were lower in carbohydrate
and saturated fat, higher in protein and polyunsaturated
fat than the medium GI diets (table II). The low GL diets
were higher in protein and fiber, and lower in cholesterol
than the high and medium GL diets (table III).
It was observed that 86.8% of the diabetics with good
glycemic control consumed a diet with lower GI (IG ≤
58-upper limit of the 2nd quartile). On the other hand, the
subjects with intermediate (56%) and poor (70.5%)
Table II
Average ± DP of the glycemic load and the level
of macronutrients, fatty acids, cholesterol and fibers
of the low and medium glycemic index (GI) diets
ingested by the participants of the study

% Carbohydrate
% Lipids
% Protein
% Saturated FA
% Poliunsaturated FA
% Monounsaturated FA
Cholesterol (mg)
Fibers (g/1,000 kcal)

Low
(n = 43)

Medium
(n =100)

P

119.4 ± 30.4

146.1 ± 37.8

0.000

53 ± 5.7
30.6 ± 3.5
16.5 ± 2.6
9.3 ± 1.8
6.8 ± 1.3
8.5 ± 1.6
229 ± 70
16 ± 4.1

54.8 ± 4.8
29.9 ± 3.5
15.3 ± 2.6
10.6 ± 1.92
6.3 ± 1.3
8.3 ± 1.4
219 ± 82.5
15.6 ± 2.9

0.045
0.308
0.015
0.000
0.015
0.599
0.503
0.465

ANOVA test.

a

Glycemic index/load and glycemic
control in DM1

Low
(n = 16)

a

Medium
(n =19)

52.5 ± 4.6
54.6 ± 5.0
30.5 ± 3.4
29.8 ± 3.6
17.0 ± 2.9b 15.7 ± 2.6
9.6 ± 2.1
9.5 ± 1.9
6.5 ± 1.4
6.7 ± 1.3
8.5 ± 1.2
8.3 ± 1.5
185.9 ± 68.6d 219.3 ± 73.5e
17.9 ± 4.1d 15.6 ± 3.1e

High
(n = 11)

Pa

55.0 ± 4.6
31.1 ± 3.7
14.0 ± 2.1c
10.5 ± 1.9
6.7 ± 1.3
8.8 ± 1.2
230.6 ± 91.0e
14.6 ± 2.8e

0.297
0.432
0.014
0.160
0.795
0.606
0.008
0.013

ANOVA test.

Table IV
Distribution of the studied diabetics in the quartiles
of glycemic index (GI), according to the presented
glycemic control
GI
Quartiles
53.3 ± 1.3 (48.6-54.5)
56.4 ± 1.1 (54.6-58.0)
59.1 ± 0.6 (58.1-60.2)
63.2 ± 2.5 (60.3-72.1)

Glycemic control
Good
(n = 53)

Intermediate
(n = 25)

Poor
(n = 61)

32 (60.4%)
14 (26.4%)
3 (5.7%)
4 (7.5%)

0 (0.0%)
11 (44.0%)
7 (28.0%)
7 (28.0%)

4 (6.6%)
14 (23.0%)
20 (32.8%)
23 (37.7%)

Chi-Square Test (p = 0.000).

Table V
Distribution of the studied diabetics in the quartiles
of glycemic load (GL), according to the presented
glycemic control
GL
Quartiles

Glycemic index

Glycemic Load

% Carbohydrate
% Lipids
% Protein
% Saturated FA
% Poliunsaturated FA
% Monounsaturated FA
Cholesterol (mg)
Fibers (g/1,000 kcal)
a

*Fisher Exact Test (p = 0.000).
**Fisher Exact Test (p = 0.01).

Nutrients

Nutrients

97.4 ± 14.7 (59.7-113.8)
121.4 ± 5.4 (114.1-130.8)
146 ± 8.9 (131.8-161.8)
189.0 ± 28.3 (161.9-280.2)

Glycemic control
Good
(n = 53)

Intermediate
(n = 25)

Poor
(n = 61)

23 (43.4%)
18 (34.0%)
6 (11.3%)
6 (11.3%)

3 (12.0%)
10 (40.0%)
8 (32.0%)
4 (16.0%)

9 (14.8%)
10 (16.4%)
19 (31.1%)
23 (37.7%)

Chi-Square Test (p = 0.000).

glycemic control consumed diets with a higher GI (IG ≥
58.1), located in the 3rd and 4th quartiles (table IV).
In a similar manner, 77.4% of the participants with
good glycemic control ingested diets with GL located
in the 2 first quartiles (CG ≤ 130.8) and among those
with intermediate (48%) and poor (68,8%), the values
of the GL (GL ≥ 131.8) were placed in the 2 last quartiles (table V).
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Discussion
The dietary treatment has a fundamental role in the
metabolic control of DM patients and in the prevention
of micro and macrovascular complications related to
the disease. A recently published study showed that,
while the consumption of diets with high protein
content, less saturated fats, and lower GI/GL had a
positive effect on glycemic control, the consumption of
sucrose and of free snacks provided by the school had a
negative influence for children and adolescents with
type 1 diabetes.28 The clinical usefulness of the GI as a
tool to prevent complications in DM patients is still
debatable in the scientific community. The consumption of high GI diets has been associated with more
rapid progression to type 1 diabetes in children with
islet autoimmunity.29 In the present study, the intake of
low GI diet had a positive influence in the glycemic
control of the patients, which has also been reported in
several other studies.8,9,11,12,30 In a systematic review
involving eleven randomised controlled trials of four
weeks or longer that compared a low glycaemic index,
or low glycaemic load, diet with a higher glycaemic
index, or load, or other diet for people with either type 1
or 2 diabetes mellitus, it was showed that a low-GI diet
can improve glycaemic control in diabetes without
compromising hypoglycaemic events.31 The dietary
data presented in this study reflect the diet ingested by
the participants in their daily life conditions, without
previous guidance regarding the GI. It was verified that
the well controlled patients, besides ingesting low GI
diets ingested less carbohydrate and more protein.
Therefore, the better glycemic control observed cannot
be attributed to the effect of the GI only. However, in a
meta-analysis in which the results of 14 randomized
clinical trials with a duration of about 10 weeks were
analyzed, the positive association between the
glycemic control and the GI of the consumed diet was
independent from the ingestion of calories, protein, fat,
carbohydrate and fiber.10
In the presented study there was a positive association between the diet’s GL and the glycemic control,
reinforcing the fact that the quantity as well as the
quality of ingested carbohydrate can influence the
glycemic response. It is worth mentioning that some
authors have suggested that the GL might be capable of
better reflecting the glycemic response after a given
meal in daily life conditions than the GI.6,7 The association between the glycemic control of the participants in
this study and the diet’s GI was independent from the
intake of fiber, since there was no difference in the
fiber content in the low and medium GI diets.
However, it should be highlighted that the fiber content
of the low GL diets was higher than that presented by
the medium and high GL diets. It is known that an
increase in fiber content reduces the amount of available carbohydrate, favoring the reduction of the GL
itself. However, considering that the diet’s GL also
varies with the type of the ingested carbohydrate (GI),
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the high ingestion of fiber itself does not ensure that the
diet will present a low GL.
Although the amount of fat consumed is inversely
related to the diet’s GI,32 no differences were verified in
the amount of fat and cholesterol in the medium and
low GI diets ingested by the diabetics in this study. It
was observed, however, that the medium GI diet
presented a higher saturated fat percentage and higher
level of polyunsaturated fat than in the low GI diet.
Many aspects related to the association between the
ingestion of fats and glycemic control needs further
clarifications. It has been demonstrated that in healthy
subjects the consumption of a diet high in saturated fat
leads to a reduction in insulin sensibility.33,34 The
mechanisms by which the type of fat consumed interferes on insulin sensibility are not completely clear.
Some authors believe that the high intake of saturated
fat can cause a modification in the cell membrane lipid
profile, turning the phospholipid membrane more saturated; and consequently more resistant to insulin
action.35 Even though the GI of a diet does not reflect
the quality of the ingested diet as a whole,5 in this study
the low GI diets presented a better fat profile than the
medium GI diet.
Despite the differences seen in the nutritional
composition of the diets differing in GI/GL, it was
observed that to consume a low GI/GL diet, the
subjects in this study, did not have to ingest large
amounts of protein, fiber and fat. Thus, it is evident that
although the ingestion of these nutrients may help to
reduce the GI/GL, it is possible to get an eating plan
presenting adequate GI/GL without negatively
affecting its nutritional composition.
Despite the fact that most well controlled patients
consumed a low GI diet, only 22.6% of them ingested a
low GL diet. This happened because, among these well
controlled subjects, the high intake of available carbohydrate (mean of 215.67 ± 49.4 g – data not shown)
increased the diet’s GL, increasing also the proportion
of subjects that consumed a medium GL diet,
according to the adopted classification. It is worth
mentioning that the participants’ mean fiber intake was
satisfactory.
When we evaluated the ingested carbohydrate as %
of the diet’s total caloric intake, it was observed that
only 5.6% of the participants had a mean percentage of
carbohydrate intake above the adopted recommendation (55-60% of total caloric intake – data not shown).
However, although most subjects with good glycemic
control presented carbohydrate intake below or within
the adopted recommendation range, the ingested diet
was classified as medium GL. Although the low GL
diet is indicated in literature as adequate,36,37 the intake
of a diet that meets the recommendation of carbohydrates in terms of percentage of total caloric intake can
make the prescription of a diet with these characteristics difficult. Despite the above mentioned, the results
of the present study indicate that differently from what
is seen about the effect of the consumption of a low GI
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diet in the improvements in the glycemic control, it is
possible to obtain an adequate control when a medium
GL diet is consumed.
Conclusion
The results of this study illustrate the positive effects
of the consumption of low GI diets in the glycemic
control of children and teenagers with DM1 that have
never received any instruction about the GI. These
results also indicated that it is possible for these
patients to obtain an adequate glycemic control when a
medium GL diet is consumed.
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