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Abstract

The purpose of the study was to investigate the acute effect of
continuous and intermittent aerobic exercise on blood glucose
of adolescents with type 1 diabetes. A cross-sectional analysis
of eight adolescents with type 1 diabetes mellitus between 10
to 15 years . Variables such as body mass, height, body mass in-
dex z score, glycated hemoglobin and cardiorespiratory fitness
were assessed. There were two tests on a cycle ergometer: 30
minutes of continuous exercise and 30 minutes of intermit-
tent exercise. Blood glucose was measured before and after the
exercises and lactate concentration was measured at the end
of the exercise. Student’s t test and Pearson’s correlation were
used, considering p<0.05. In the continuous exercise proto-
col, there was a significant difference in pre- and post-exercise
blood glucose levels (p = 0.048), whereas the intermittent exer-
cise protocol did not show statistically significant differences
in blood glucose. Higher concentrations of lactate were found
after the intermittent exercises (p = 0.036). There was a strong
correlation between glycemic control and body mass index z
score (r=0.893 p = 0.041). Regarding the other variables, there
were no significant correlations. The reduction in blood glu-
cose was lower after intermittent aerobic exercises, compared
with continuous exercises, which could be an interesting strat-
egy to prevent acute exercise-induced hypoglycemia.
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Resumo

O objetivo desse estudo foi verificar a influéncia aguda do exercicio
aercobio continuo e intermitente na glicemia de adolescentes diabe-
ticos tipo 1. Estudo transversal, que avaliou oito adolescentes com
Diabetes Mellitus Tipo 1, entre 10 a 15 anos. Avaliaram-se a massa
corporal, estatura, indice de massa corporal score z, hemoglobina
glicada e capacidade cardiorrespiratoria. Realizaram-se dois testes
em cicloergdmetro, 30 minutos de exercicios continuos e 30 minu-
tos intermitentes. A glicemia foi mensurada antes e apos a realiza-
¢do dos exercicios e a concentragdo de lactato mensurado ao final do
exercicio. Utilizou-se o teste T de student, e correlacdo de Pearson,
considerando-se p<0,05. Observou-se diferenca significativa entre
os valores de glicemia antes e apos o exercicio continuo (p=0,048),
no intermitente ndo houve diferenca significativa na glicemia pré
e pos-exercicio (p=0,160). Maiores concentracoes de lactato foram
encontradas apos os exercicios intermitentes (p=0,036). Hd forte
correlagdo entre o controle glicémico avaliado por meio do teste de
hemoglobina glicada e o indice de massa corporal score z (r=0,893
p=0,041). Com relacdo as outras varidveis ndo houve correlagoes
significativas. O declinio na glicemia é menor ao realizar exercicios
aercbios intermitentes comparados com exercicios continuos, o que
pode ser uma interessante estratégia para prevencdo de hipoglice-
mia aguda induzida pelos exercicios.
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Introduction

The treatment of individuals with type 1 diabetes
and good glycemic control depend on several factors,
such as nutrition, insulin-therapy and physical acti-
vity'. Physical activity plays an important role in the
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health of type 1 diabetics. Additionally, it is directly
associated with the increase in cardiorespiratory fit-
ness and reduction in insulin doses®.

However, despite all the benefits of regular phys-
ical activity practice, there is an important limiting
factor for adherence: the fear of exercise-induced hy-
poglycemia that can occur during, immediately after
or hours after exercising’.



Intermittent exercises and type 1 diabetes

Intermittent exercises are one type of exercise, whose main characteristic is the
variation in intensity during practice, with the inclusion of maximum and short
sprints alternated with resting periods or lower intensities. These metabolic charac-
teristics are similar to those of the majority of sports commonly practiced, such as
soccer and volleyball** and spontaneous child games®. This practice seems to be a
positive alternative to the reduction in the risks of exercise-induced hypoglycemia,
compared to continuous exercises’ and lower risk of nocturnal hypoglycemias®.

There are no guidelines based on evidence for the safe practice of high-inten-
sity intermittent exercises and their effect on the blood glucose level of individu-
als with type 1 diabetes. This type of exercise characterizes the majority of sports
games and spontaneous child games**®. For this reason, blood glucose behavior
must be identified through two different exercise protocols (continuous and in-
termittent). Based on these elements, the present study aimed to observe the acute
influence of continuous and intermittent exercise on the blood glucose level of
adolescents with type 1 diabetes and to assess possible relationships among phys-
ical activity level, body mass index and glycemic control through the glycated he-
moglobin test (HbAlc).

Methods

The present study had a cross-sectional design and assessed eight adolescents,
four boys and four girls aged between ten and 15 years, with type 1 diabetes, who
had been diagnosed at least two years before. The sample was obtained from pa-
tients cared for in the Diabetes Outpatient Clinic of the Pediatric Endocrinology
Unit of the City of Curitiba Clinical Hospital (HCC).

The sample was selected by convenience, assessing patients who accepted to
participate in the present study with the authorization of parents , after an In-
formed Consent Form was signed, in accordance with Resolution 196/96 from
the National Health Council, and approved by the Research Ethics Committee of
the Parana Federal University, under number 44193214-7.0000.0096.

Participants visited the HCC’s Pediatric Endocrinology Unit laboratory three
times in the afternoon. The first visit aimed to obtain the anthropometric meas-
urements. Height was measured with a portable vertical stadiometer (WCS®, Bra-
zil) with a 0.1 cm accuracy, assessed in centimeters (cm) at the end of maximum
inspiration. Body mass was assessed with a portable digital scale (Filizola®, Bra-
zil) in kilograms (kg). According to data on height and weight, body mass index
was calculated (kg/m?), dividing body weight by the square of height and sub-
sequently converting it to score z to BMI with the WHO AnthroPlus® software
program (version 3.2.2).

The Glycated Hemoglobin test (HbAlc) was performed in study participants
in the Pediatric Endocrinology Unit to assess glycemic control, using the immu-
noturbidimetric TurbiClin test. After fasting for 12 hours, a venous blood sample
was collected by nurses of the Pediatric Endocrinology Unit itself and the sample
was subsequently sent for chromatographic analysis.

During the first visit to the laboratory, the cardiorespiratory fitness test (VO-
,max) was performed using the K4b2 portable gas analyzer® (Cosmed), using Bal-
ke’s adapted protocol in a cycle ergometer”.

Participants began the test in a Caloi cycle ergometer®, (CLB 30 Premium Mod-
el) with a load of 25 watts and speed at 50 rpm. At every three minutes, 25 watts
were successively added until an individual’s maximum heart rate was reached, as
proposed by Tanaka'®, or as soon as they could not maintain the speed or load.
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After 48 hours, participants returned to the laboratory to have the continuous
exercise test performed, when they rode for 30 minutes (total work without prior
warm-up) in a cycle ergometer (Caloi®, CLB 30 Premium Model) with a load of
60% of VO, max.

After another 48 hours, participants returned to the laboratory to have the
intermittent test performed, when they rode for 30 minutes in a cycle ergometer
with aload of 60% of VO,max such as in the continuous test, although alternating
it with five sprints at maximum intensity lasting ten seconds at every five minutes.
In all tests, 15g glucose gels were available for use, if participants had hypoglyce-
mia during or after the tests.

In both tests (continuous and intermittent), capillary blood glucose was pre-
viously measured (five minutes before) using a Glucometer (OneTouch Ultra-Life
Scan®) and blood lactate concentration was measured at the end of the exercise
using a Lactometer (Accutrend PLUS-Roche®). All tests occurred one hour after
insulin administration. Participants’ insulin therapy did not change, with mean
doses of 26.5 + 7.36 units per day of insulin (1ml=100 units) of prolonged action
(Glargina) and doses of 7.5 + 3.41 units per dose of ultra-fast acting insulin (As-
part and Lispro), both with the same beginning and time of action.

As a safety measure and way to avoid complications, if the result of partici-
pants’ pre-blood glucose test was lower than 100mg/dl, 15 grams of fast-absorb-
ing carbohydrates were provided, there was a break of 15 minutes, and a new ob-
servation was subsequently made, so that tests could begin®”*.

If the blood glucose level was higher than 200mg/dl, a ketone test was per-
formed with the FreeStyle® Optium Neo device. If the result was negative (lack
of ketone bodies), the test would begin; if the result was positive, this test was not
performed®%.

Meals were individually standardized by a nutritionist prior to tests, with a
portion totaling from 20% to 35% of the daily energy requirements and, of these,
between 50% and 55% were comprised of carbohydrates according to the Recom-
mended Dietary Allowance (RDA)". Procedures were performed in the following
order: insulin administration, meal, and tests after one hour of insulin application.

Statistical analysis was conducted with the SPSS software program for Win-
dows, version 22. Data on sample characterization included descriptive statistics
with mean and standard deviation. Student’s T-test was performed for the varia-
bles of glycemic variation. Pearson’s correlation was used for the body composi-
tion variables, HbAlc, BMI Z-score and VO, max. A significance level of p<0.05 was
used in all analyses.

Results

The general characteristics, anthropometric data, HbAlc and VO, max of study
participants are shown in Table 1. The adolescents assessed were categorized as
eutrophic when they showed a BMI Z-score between -2 and +1, according to the
World Health Organization (WHO) classification'".

The blood glucose level assessed before and after exercises shows a higher mean
reduction in this level when performing continuous aerobic exercises (-85.22 +
31.55 mg/dl), when compared to the intermittent exercise protocol (-39.2 + 21.92
mg/dl). Table 2 shows the results of glycemic means before and after exercises
were performed and blood lactate values were obtained. There was a significant
difference in glycemic values before and after continuous exercises with a mean
reduction in the initial blood glucose level of -26.48%. A significant difference was
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also found in lactate values with higher concentrations after intermittent exercis-
es (p=0.036).

TABLE 1 - Characteristics of the sample of adolescents with type 1 diabetes Curitiba, PR, 2016 (n = 8)

Mean/SD
Age (years) 13.81+£2.00
Total body mass (kg) 51.64+13.02
Height (cm) 154.82 + 854
HbA1c (%) 9.60+ 133
BMIz 0.62+1.03
VO, max 3711£9.21

SD= Standard Deviation; HbATc= Glycated Hemoglobin Test; BMiz= Body Mass Index Z-Score;
VO,max= Cardiorespiratory Fitness.

TABLE 2 - Differences in blood glucose and lactate after exercise.

Mean/SD Mean/SD A variation p
Pré exercise Pos exercise

Blood glucose cont 264.40 +33.90 19440 + 55.17 -85.2+3155 0.048*
(mg/dl)
Blood glucose pre inter 185.80 + 78.61 150.80 + 64.37 -39.2+2192 0.160
(mg/dl)
Lactate cont (mmol/l) 242 +0.96 o
Lactate inter (mmol/l) 6.88 +324 446+066 0036

*Pre Cont= Pre-continuous exercises; Pre Inter=Pre-intermittent exercises; Pos Cont=Post-conti-
nuous exercises; Pos Inter=Post-intermittent exercises; p<0.05. **Significant difference between lac-
tate after continuous exercise and post intermittent exercise p<0.05.

Pearson’s correlation coefficient values among anthropometric measures
(BMIz), HbAlc and Vo, max are shown in Table 3. The glycemic control assessed
through the HbAlc test has a significant direct relationship with the BMI Z-score
(r=0.893 p=0.041). There were no significant correlations among the other variables.

TABLE 3 - Relationship between variables age, height, HbA1c, body massindex Z score and cardio-
respiratory fitness

HbATc (%) BMIz (”\]’lg)kzg?;fn)
Age (years) -0.255 0.170 0375
Height(cm) -0.126 0.266 0377
HbATc (%) 0.893* -0.564
BMIz -0.520

HbAlc= Glycated Hemoglobin Test; BMIz= Body Mass Index Z-Score; VO,max= Cardiorespiratory
Fitness.*p<0.05.

Discussion

Regular physical activity practice results in improvements in cardiorespiratory fit-
ness (VO,max) and the body composition of patients with diabetes'*'*. Metabolic
balance in individuals with diabetes includes the following three factors: insu-
lin therapy, healthy eating and regular physical activity practice'®. During aerobic
exercises, skeletal muscles increase glucose consumption to generate energy. This
decreases hepatic glycogenesis, leading to a reduction in blood glucose level and
increase in the risk of hypoglycemia®.
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Moderate-intensity activities lead to continuous glucose consumption and
their storage (muscle glycogen) and result in the use of glucose and free fatty acids
as energy sources*>*’. When high-intensity exercises are performed, the produc-
tion of counter regulatory hormones is strengthened during activity®.

A reduction in blood glucose level was found after continuous exercises
(p=0.048), although the same results were not observed after intermittent exer-
cises (p=0.160). Data revealed a significant reduction in blood glucose level in the
continuous exercise protocol, with a difference in initial mean blood glucose level
0f 26.48% (A=-85.2 + 31.55 mg/dl). In contrast, in the intermittent exercise proto-
col, this reduction was not significant, totaling 18.84% (A=-39.2 + 21.92 mg/d]I).

Studies with diabetics show contradictory results. The results of a study con-
ducted by Guelfi, Jones and Fournier”, evaluating seven individuals with type 1
diabetes, found a lower decrease in blood glucose level when intermittent exercises
were performed, when compared to continuous exercises. A study was performed
with 11 diabetic athletes using two methodologies with different exercises: first,
individuals exercised for 45 minutes at 40% of VO,max interspersed with nine
sprints of maximum intensity for 15 seconds; second, continuous exercises were
performed with the same intensity and duration. The results of this study did not
reveal differences between both exercise methodologies, thus diverging from the
present study. Nonetheless, authors suggest that intermittent activity seems to be
a protective factor against nocturnal hypoglycemia®.

This lower decrease in blood glucose level found in the present study suggests
that intermittent exercises can be a valid strategy to prevent exercise-induced hy-
poglycemia. The study performed by Guelfi, Jones and Fournier'® compared the
risk of hypoglycemia after intermittent exercises, including a control group that
did not perform any exercises. The results of this study showed that, after exercis-
ing, blood glucose levels remained stable, whereas it continued to decrease in the
control group, revealing that intermittent exercises can help individuals with type
1 diabetes to achieve a normal blood glucose level.

A case study performed with two diabetic patients compared the effects of two
protocols of exercises performed in a cycle ergometer on participants’ glycemic re-
sponse, also showing a lower glycemic reduction with the practice of intermittent
exercises, when compared to continuous aerobic exercises".

Guelfi, Jones and Fournier®® found that catecholamine levels, blood lactate
and growth hormone (GH) were higher after intermittent exercise protocols, thus
explaining the lower reduction in blood glucose level found, as these hormones
promote a higher production of endogenous glucose during exercises'.

The concentration of blood lactate was assessed at the end of exercises and
higher values were found in the intermittent exercise protocol (p=0.036). This
increase in lactate concentrations could have promoted the lower reduction in
blood glucose level observed, as part of the lactate produced is reused to produce
aerobic energy, thus saving blood glucose'.

Interesting results were observed in the study performed by Dubé and Weis-
nagel', where all high-intensity intermittent exercises increased the concentra-
tion of counter-regulatory hormones (adrenaline, glucagon, cortisol and GH),
contributing to prevent exercise-induced hypoglycemia in individuals with type
1 diabetes. These results are important, as the fear of hypoglycemia is the main
limiting factor for regular physical activity practice, which is even present in indi-
viduals without a history of severe hypoglycemia®.

The best option to assess glycemic control in the medium to long term is
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through the assessment of HbAlc levels®. Satisfactory glycemic control can pre-
vent acute and chronic symptomatology associated with hyperglycemia and hy-
poglycemia®*. The patients evaluated do not have good glycemic control, as evalu-
ated through the HbA1c levels (9.60 + 1.33). According to the Brazilian Diabetes
Association®, the aim for good glycemic control in children and adolescents is an
HbA1c equal to or lower than 7.5%.

Maintenance of good glycemic control is important, as there is a strong associ-
ation between high HbA1c levels and the onset of late complications, in addition
to values below 7.6% seeming to be sufficient to prevent microvascular complica-
tions for at least 20 years?’. HbAlc levels were significantly and directly associated
with the BMI Z-score. These results show the relationship between body weight
and glycemic control, assessed through the HbAlc. Physical activities directly con-
tribute to the maintenance of adequate levels of body weight and HbAlc of indi-
viduals with type 1 diabetes. As shown in a recent meta-analysis review, the results
of the studies assessed revealed the potential benefits of physical activity for the
HbA1c (mean difference of -0.52, 95%CI from -0.97 to -0.07; P= 0.02) and BMI
(mean difference of -0.41, 95%CI from -0.70 to -0.12; P= 0.006)%.

It is important to emphasize the fact that the results of the present study only
applied to the reduction in blood glucose level immediately after the end of ex-
ercises, as there was no glycemic monitoring for a longer time during sessions or
after activities ended.

The present study had some limitations, such as the small sample size, which
could prevent the results from being generalized. Additionally, the sample was
selected by convenience as it dealt with a specific disease. Thus, the location cho-
sen for volunteer selection was restricted to outpatient clinics that care for chil-
dren and adolescents with type 1 diabetes. Possible confounding variables such
as blood catecholamine and GH levels were not assessed and this could explain
the results found, in addition to the sexual maturation stage, which could have
played a role. Another important point is that there was no randomization of
continuous and intermittent exercise sessions and this could be a work bias and
limitation (load effect). Consequently, future studies must be performed with the
purpose of comparing different exercise protocols and determining the influence
of high-intensity intermittent exercises on the glycemic response of children and
adolescents with type 1 diabetes more effectively.

The present study showed that the reduction in blood glucose level is lower
when intermittent aerobic exercises are performed, compared to continuous ex-
ercises, which can be an interesting strategy to prevent acute exercise-induced hy-
poglycemia. One should be aware of the fact that such result refers to blood glu-
cose levels assessed immediately after the end of exercises. Therefore, data must
be used with caution and cannot be generalized to longer times after exercises
and possible late hypoglycemias or hyperglycemias. More adequate BMI Z-score
indices were associated with better metabolic control assessed through the Hbalc.
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