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ABSTRACT

Regular aerobic exercises are beneficial not only for healthy people. Physical activity plays a big part in the lives
of children and adolescents with type 1 diabetes mellitus too. Walking, biking, swimming, dancing, and many other
activities are considered to be aerobic exercises and they are all healthy. What kind of physical exercises are the most
useful for the youth with type 1 diabetes mellitus?

So, the aim of the present study was to estimate and compare the effect of aerobic exercise such as swimming and
aerobics, on blood glucose concentration of young girls. 19 girls aged 16.5 + 0.24 years with the duration of diabetes
for 8.1 £0.9 years and 28 healthy girls aged 16.9 £ 0.36 years participated in the study.

Two experiments were carried out. The first experiment was a 7-day physical exercise program, consisting of aerobics
and swimming training sessions each day. The other experiment was a 14-week swimming program, where all the
participants attended swimming training sessions two times per week, and there were all in all 28 training sessions.
Glycemia control was assessed by blood glucose level (mmol / 1) monitored before and after every training sessions
during the 7-day and 14-week physical programs.

After the analysis of blood test it was found, that the 7-day physical program decreased blood glucose concentration
for all subjects (p < 0.05) but, swimming had a greater effect on blood glucose control for girls with type 1 diabetes
mellitus than aerobics (p < 0.01). After the 14-week duration swimming program, hyperglycemia significantly decre-
ased for all subjects too, but it's response to the regular physical activity in the water was the highest for diabetics
(p < 0.001).

The evidence obtained in this study showed that both swimming and aerobics decreased blood glucose concentration
for healthy subject and for subjects with diabetes. But swimming had a greater effect on the dynamics of blood glucose
level for girls with type 1 diabetes mellitus than aerobics.
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INTRODUCTION

Diabetes mellitus metabolic syndrome consis-
ting of two main groups, type 1 and 2, is characte-
rized by absolute or relative insulin deficiency or
insulin resistance (Bhaskarabhatla, Birrer, 2005).
The major modes of treatment for diabetes are in-
sulin administration, diet and exercises (Wilmore,
David, 1999). Individuals with diabetes mellitus
take part in physical activity for health promotion,
disease management, and recreational or compe-
titive sports (Bhaskarabhatla, Birrer, 2005). The

role of regular exercise and physical training in
improving glycemic control (regulation of blo-
od sugar levels) in patients with type 1 diabetes
has not been clearly defined and is controversial
(Wilmore, David, 1999). In people with type 1 di-
abetes, glycemic control might or might not be im-
proved with exercise. But there are other potential
benefits of exercises for these patients (Wilmore,
David, 1999). The benefits derived from regular
physical activity include improved cardiovascu-
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lar fitness, increased lean mass, improved blood
lipid profile, enhanced psychosocial well-being,
lowered blood glucose, and decreased body adi-
posity (Bernardini et al., 2004; Deftin et al., 2004;
The Diabetes Research in Children Network (Di-
recNet) Study Group, 2006; Riddell, Iscoe, 2006).
Exercise plays a big part in the lives of children
and teens with type 1 diabetes too (The Diabetes
Research in Children Network (DirecNet) Study
Group, 2006). We wanted to study the effects
of aerobic exercise on glucose concentration in
adolescents with type 1 diabetes mellitus. Aerobic
exercise is a type of exercise that works the heart
and lungs for an extended period of time. Walking,
biking, swimming, jogging, dancing, jump-roping,
and many other activities are considered aerobic
exercise (The Diabetes Research in Children Ne-
twork (DirecNet) Study Group, 2006). Thus, the
aim of this study was to estimate and to compare
the effect of such aerobic exercise like swimming
and aerobics on blood glucose concentration in
adolescent girls with type 1 diabetes mellitus.

METHODS

Subjects. 19 girls aged 16.5 &= 0.24 years with
the duration of diabetes for 8.1 £ 0.9 years and 28
healthy girls aged 16.9 + 0.36 years participated
in the study. None of the subjects was specializing
in any form of sports training.

Anthropometric measurements. All the su-
bjects were measured: 1. for their height (cm) —
standing height was measured without shoes to
the nearest 0.5 cm with use of the stadiometer,
keeping the shoulders in a relaxed position and
the arms hanging freely (Lohman et al., 1991);
2. body mass (kg) — standing weight was me-
asured without shoes in the minimum clothing
possible. Body mass index — BMI (kg / m*) was
calculated by dividing weight (kg) by height squ-
ared (m?). According to BMI we assessed the
distribution of healthy girls and girls with type
1 diabetes mellitus who were of normal weight,
overweight, and obese, according to International
Obesity Task Force’s (IOTF) cut off points for
body mass index (Cole et al., 2000).

Physical program. Two experiments were
carried out. The first experiment was a 7-day phy-
sical program (7-day PP) consisting of aerobics
and swimming. Aerobics and swimming sessions
were held every day. The duration of these trai-
nings was 45 minutes. At the beginning of aerobi-

cs training 10 minute warming-up exercises were
done, then, basic aerobics exercises were done
for 30 minutes. At the end of the training parti-
cipants did stretching and breathing exercises for
five minutes. The aerobics trainings took place in
the morning, 1—1.5 hours after breakfast. At the
beginning of the swimming training session 15
minute warming-up exercises were done, and for
the remaining 30 minutes the participants swam
breaststroke and on the back (up to 200 meters).
Swimming sessions were held in the second part
of the same day — 1.5 hour after dinner. The
length of the swimming pool was 25 meters. Be-
fore and after the trainings in the gymnasium and
the swimming pool we measured BG level. The
intensity of the trainings was always adjusted
according to the participant’s pulse, which was
intended not to exceed 144—156 beats / min.

During the other experiment, which con-
sisted of a 14-week swimming program
(14-week SP), 28 training sessions were held. The
participants attended swimming training sessions
two times per week. One training in the swimming
pool lasted for 45 minutes. Before and after the
training the capillary BG level was measured.
The trainings took place in a swimming pool, the
length of which was 25 meters. At the beginning
of the training session a 15—20-minute exercise
was done, and the participants swam breaststroke
and crawl for the remaining 30 minutes. At the
beginning short swimming distances (up to 200
meters) with the breaks were chosen. Later the
distance was increased to 400 meters with the
short breaks. The intensity of the training was
always adjusted according to the pulse, which
we did not want to get higher than 144—156 be-
ats / min. Trainings in the water took place in the
morning, 1—1.5 hours after breakfast.

Blood analysis. Capillary BG level was me-
asured before every physical training session and
right after it. Capillary BG level was measured
by blood glucose meter “Accuchek Go” and the
results were received in Systeme International (SI)
unit — mmol / 1.

Statistics. Descriptive data were presented
as mean + SD. To check the hypothesis of the
quantitative variable, Student’s t-test was used.
The groups (healthy persons and diabetics) were
compared with a two-way analysis of variances
(ANOVA). Pearson’s correlation coefficient was
used for the quantitative values. Statistical signi-
ficance was set at p < 0.05.



106

Sandrija Sideraviciaté, Alina Gailianiené, Kristina Visagurskiené, Daiva Vizbaraité

RESULTS

The prevalence rates of normal weight, over-
weight, and obesity using IOTF’s cut-off points for
BMI (Cole et al., 2000) are presented in Table 1.

According to these findings, 31.6% of the girls
with 1 type of diabetes mellitus and 89.3% of the
healthy girls were of normal weight, 52.6% of the
girls with 1 type of diabetes mellitus and 10.7% of
the healthy girls were overweight, and only 15.8%
of the girls with 1 type of diabetes mellitus were
obese. The expressions of those values were the
same before and after the two experiments.

A 7-day physical program in the gymnasium
(aerobics) showed a statistically significant diffe-

rence in BG level between healthy girls and girls
with type 1 diabetes mellitus at the beginning of
the experiment — before (p < 0.001) and after
(p <0.01) the first day of aerobics training. At the
end of the experiment — before (p <0.01) and
after (p < 0.05) the 7™ day of aerobics training a
significant difference in BG level between the he-
althy girls and girls with type 1 diabetes mellitus
was also was noticed (Table 2).

After the first day of aerobics trainings, BG
level did not been vary, it decreased only by 4.5%
(p>0.05) for the diabetic subjects. At the end of
the experiment — on the seventh day — BG con-
centration diminished by 8.6% (p < 0.05) after
training. BG level for the healthy subjects was

Ezl;llihl}; ]g)llrsltsr 1::;1(2;;]): . Healthy Type 1 diabetes mellitus All subjects
with type 1 diabetes mel- Variable (n=28) (n=19) (n=47)
litus who were of normal % (n) % (n) % (n)
weight, overweightz and | Normal weight 89.3% (25) 31.6% (6) 65.9% (31)
ohse, By It (o .0 52 (10) 27713
(IOTF) );ut off points for Obese — 15.8% (3) 6.4% (3)

body mass index (BMI)

Note. Overweight and obesity was defined by IOTF (Cole et al., 2000). Normal weight: BMI <21.20 kg / m?

(females). Overweight: 21.20 kg / m> < BMI < 26.05 kg / m? (females). Obese: BMI > 26.05 kg / m? (females).

Table 2. The effect of a

. Healthy Type 1 diabetes mellitus
7-day physical program: ) (n=28) (n=19)
aerobics (AE) and swim- Variable p-value
ming (SW) on the blood mean = SD mean + SD
glucose level (mmol /1)
i i i <0.001
in healthy girls and girls before 5.2+0.2 mmol /1 88+07mmol /1 |7
with type 1 diabetes mel-
litus »<0.01
1* day AE after 4.6+ 0.1 mmol /1 8.4+ 1.2mmol/1
p-value p<0.01 p>0.05 N
p <0.01
before 4.9+ 0.2 mmol /1 8.1+ 0.8 mmol /1
. p<0.05
7" day AE after 4.4+ 0.1 mmol /1 7.4+0.9 mmol /1
Note. p—Value — s1gmfl— pz_value p <0.01 p <0.05 o
cance level between he-
althy girls and girls with
type 1 diabetes mellitus;
p,-value — significance before 5.24+0.1 mmol /1 7.8+ 0.4 mmol /1 p <0.001
level within the healthy
girls group and within the 5.9+ 0.6 mmol /1
girls with type 1 diabetes 1" day SW after 4.8+0.1 mmol /1 p>0.05
mellitus group after the 1% < 0.001
day of the' experiment; P p-value p>0.05 p - .
value — significance level
within the healthy girls
group and within the girls before 4.9+ 0.13 mmol /1 6.3 +0.3 mmol /1 p <0.001
with type 1 diabetes melli-
tus group after the seventh
day of the experiment. 7" day SW after 4.4+0.14 mmol /1 4.9+ 0.4 mmol /1 p>0.05
prvalue p<0.01 p<0.001 —
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Table 3. Blood glucose

Healthy Type 1 diabetes mellitus level (mmol /1) of the
Variable (n=28) (n=19) p-value healthy girls and the
mean £ SD mean = SD girls with type 1 diabe-
First before 5.3+ 0.7 mmol /1 9.6 + 0.5 mmol /1 p <0.001 | tes mellitus before and
swimming training | after 4.6+ 0.8 mmol /1 6.6 + 0.4 mmol / 1 p<0.00] | 2fter the first and the
session 28" swimming training
p-value » <0.001 p <0.001 — sessions
28 before 4.9+0.7mmol /1 8.1+0.7 mmol/1 p <0.001
swimming training | after 4.4+ 0.9 mmol /1 5.6 £0.6 mmol /1 p<0.05
session prvalue p <0.001 p <0.001 —

Note. p-value — significance level of blood glucose concentration (mmol / 1) between healthy girls and girls with
type 1 diabetes mellitus; p,-value — significance level blood glucose concentration (mmol / 1) within the group after
the first swimming training; p,-value — significance level blood glucose concentration (mmol / 1) within the group

after the 28" swimming training.

decreased after the first day (p <0.01) and after
the sevent hday (p < 0.01) of aerobics training.

Comparing the BG concentration value before
the first day of aerobics training (the beginning
of the experiment) and before the seventh day
of aerobics training (the end of the experiment)
of type 1 diabetes mellitus subjects, we saw that
BG concentration decreased by 7.9% from the
initial (first training) value during a 7-day period,
but this reduction was not statistically significant
(p > 0.05). Comparing the BG concentration value
after the first day of aerobics training and after
the seventh day of aerobics training, a 11.9%
statistically insignificant decrease from the initial
(first training) value was observed during this
period too (p > 0.05). A significant decrease of
BG concentration was observed comparing the
BG concentration of healthy girls before the first
and before the seventh day of aerobics training
(p <0.001), but right after them the decrease of
BG level value was insignificant (p > 0.05).

A 7-day duration physical program in the wa-
ter showed a statistically significant difference in
BG level between healthy girls and the girls with
type 1 diabetes mellitus at the beginning (before
the first day swimming session) and at the end
(before the seventh day of swimming session)
of the experiment (p < 0.001). After the first day
and after the seventh day of swimming training
sessions, BG level between the healthy girls and
the girls with type 1 diabetes mellitus did not vary
(p > 0.05).

On the first day, a 26.9% reduction (p < 0.001)
in BG concentration was observed after the swim-
ming training session for type 1 diabetes mellitus
subjects. On the seventh day, a 22.2% reduction
(p <0.001) in BG level was noticed after the
swimming training too. For the healthy subjects,
after the first day of swimming training, BG level

did not vary (p > 0.05). But after the seventh day
swimming session BG level decreased (p < 0.01)
for the healthy subjects.

Comparing the BG concentration values befo-
re the first day swimming training and before the
seventh day swimming training of girls with type
1 diabetes mellitus, we found that BG concen-
tration decreased by 19.2% from the initial (first
training) value during a 7-day period (p < 0.01).
Comparing the BG concentration after the first day
of the physical activity in the water and after the
seventh day of the physical activity in the water,
a 14.0% reduction from the initial (first training)
value was observed during this period but it was
not statistically significant (p > 0.05). A signifi-
cant decrease of BG concentration was observed
comparing the BG concentration of healthy girls
before the first and before the seventh day of
swimming training (p < 0.05), and right after them
(p <0.001).

The differences in BG concentration between
the healthy and diabetic groups during 14-week
SP trainings (1, and 28) were statistically signi-
ficant (Table 3). After the first training, the mean
blood glucose concentration between the groups
differed statistically significantly (p < 0.001).
BG level for girls with type 1 diabetes mellitus
reduced by 31.2% (p <0.001). Healthy subjects
showed a statistically significant decrease in blood
glucose concentration too after the first swimming
training (p < 0.001). Comparing the change of
glucose concentration between the groups during
training 28, a statistically significant difference in
mean values before training (p < 0.001) and after
it (p < 0.05) was noticed too. In the group of girls
with type 1 diabetes mellitus, BG concentration
was significantly reduced by 30.9% (p <0.001)
after training 28 in the water. In the healthy group,
BG level reduced too (p <0.001).
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Fig. The absolute change of
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was observed comparing BG concentration befo-
re the first swimming training and before the 28"
swimming training of type 1 diabetes mellitus
subjects. BG concentration decreased by 15.6%
from the initial (first training) value during a
14-week period (p <0.05). Comparing the BG
concentration after the first and the 28™ swim-
ming training, BG level did not vary comparing
it with the initial (first training) value during a
14-week period (p > 0.05). A significant decrease
of BG concentration was observed comparing the
BG concentration of healthy girls before the first
training and before the 28™ training (p < 0.05),
and right after the first trainings and the 28"
(p <0.05).

Regular swimming (7-day program and 14-
week program) reduced BG concentration for the
girls with type 1 diabetes mellitus (p < 0.001).
The absolute change of BG level, after the first
day and after the final day of the 7-day and 14-
week swimming was bigger than the absolute
change of BG concentration after the first day
and after the final day of 7-day aerobics training
(Fig.).

So swimming, as one of aerobic activities, has
greater effect on BG level for diabetic subjects
than aerobics training.

BMI is considered one of the most appropriate
measures for the indirect assessment of adiposity
in adolescent (Frontini et al., 2001). In the current
study the prevalence of overweight (52.6%) and
obesity (15.8%) for girls with type 1 diabetes
mellitus was found to be relatively high. The
registered data are similar to those observed by
the foreign scientists too — according to which,
the teenage girls with type 1 diabetes mellitus
subjects have a tendency for being overweight
(Roldan et al., 1999; Ingberg et al., 2003; Libman
et al., 2003).

Estimating the effect of regular 7-dayPP on
BG concentration, aerobics and swimming trai-
ning decreased BG level for all participants. Phy-
sical activity in the water had a greater impact on
the dynamics of BG level for the girls with type
1 diabetes mellitus. Physical exercises improved
glycemia control for girls with type 1 diabetes
mellitus and for healthy girls too. So, physical
exercises are useful for improving the functional
state of both healthy and type 1 diabetes mellitus
subjects and they decrease glucose concentration
in blood (Koivisto, 1991; Maughan, Shirreffs,
1996; Foss, Keteyian, 1998; Mosher et al., 1998;
Wilmore, David, 1999; Herbst et al., 2006).

BG concentration effectively decreased du-
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ring the regular 14-weekSP for all participants,
but especially for diabetic girls (p <0.001). In
accordance with these results of our experiment,
the following conclusion can be made: long-
term and regular aerobic exercises effectively
decrease BG level. Similar statements were also
made by some other foreign scientists (Raguso
et al., 1995; Temple et al., 1995; Mosher et al.,
1998; Wilmore, David, 1999). Specific bioche-
mical organism changes takes place in water:
water environment limits perspiration emission,
therefore, upon the presence of similar water and
air temperature, in the water the human orga-
nism releases four times more of heat, oxidation
processes become more intensive due to the
increased heat conduction, energy input is larger
(Maughan, Shirreffs, 1996; Foss, Keteyian, 1998;
Maughan, Gleeson, 2004).

CONCLUSIONS

Aerobic exercises had a positive impact on the
blood glucose concentration for healthy girls and
girls with type 1 diabetes mellitus:

1. A 7-day physical program (aerobics and swim-
ming trainings) decreased blood glucose con-
centration for all participants. However, phy-
sical activity in the water decreased blood glu-
cose concentration for type 1 diabetes mellitus
subjects more significantly than aerobics.

2. A 14-week swimming program decreased blo-
od glucose concentration, but a marked change
of this dimension was observed for the girls
with type 1 diabetes mellitus. So, both aerobic
exercises — swimming and aerobics — redu-
ced blood glucose concentration, but a marked
change of this index was observed after the
physical activity in the water.
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AEROBINIU PRATIMU POVEIKIS SVEIKU IR SERGANCIU 1
TIPO CUKRINIU DIABETU MERGINU KRAUJO GLIUKOZES
KONCENTRACIJAI

Sandrija Sideraviciuté, Alina Gailitiniené, Kristina Visagurskiené, Daiva Vizbaraité
Lietuvos kiino kultitros akademija, Kaunas, Lietuva

SANTRAUKA

Reguliartis aerobinio pobiidzio fiziniai pratimai naudingi ne tik sveikiems zmonéms. Fizinis aktyvumas
yra labai svarbi gyvenimo dalis vaikams ir jauniems zmonéms, sergantiems 1 tipo cukriniu diabetu.
Vaiksciojimas, plaukimas, vazinéjimas dviraciu, Sokiai ir daugelis kity fizinio aktyvumo formy, dar
vadinamy aerobiniais pratimais, yra naudingos zmogaus sveikatai. Kyla klausimas, kokie fiziniai pratimai
yra naudingiausi jauniems zmonéms, sergantiems 1 tipo cukriniu diabetu?

Tyrimo tikslas — jvertinti ir palyginti, kaip aerobinio pobtidzio pratimai (plaukimas ir aerobika) veikia
jauny merginy kraujo gliukozés koncentracija. Buvo tiriama 19 merginy, serganciy 1 tipo cukriniu diabetu
(amzius — 16,5 + 0,24 m., ligos trukmé — 8,1 £ 0,9 m.), ir 28 sveikos merginos (amziaus vidurkis —
16,9 + 0,36 m.).

Buvo atlikti du eksperimentai. Pirmas eksperimentas — tai septyniy dieny trukmés fiziné programa, kurig
sudar¢ aerobikos bei plaukimo treniruotés, vykdomos kiekviena dieng. Kito eksperimento metu pratybos buvo
vykdomos tik vandenyje. Jie vyko 14 savaiciy (28 pratybos), dukart per savaite, trukmé — 45 min. Kriivio
intensyvumas buvo koreguojamas matuojant pulsa (144—156 tv. / min). Kraujo gliukozés koncentracija
matuojama pries ir iSkart po kiekvieny septyniy dieny trukmés pratyby bei 14 savaiciy trukmés fiziniy
programy metu.

Septyniy dieny trukmés fiziné programa sumazino visy tiriamyjuy kraujo gliukozés koncentracija
(p < 0.05), bet plaukimo pratybos tur¢jo didesni poveiki serganciy 1 tipo cukriniu diabetu merginy kraujo
gliukozés koncentracijos mazéjimui nei aerobikos pratybos. Po 14 savaiciy trukmés plaukimo programos
reik§mingai sumazéjo visy tiriamyjy kraujo gliukozés koncentracija, tac¢iau serganciu 1 tipo cukriniu diabetu
merginy glikemijos reakcija i fizinj krivi vandenyje buvo didesné (p < 0,001).

Gauti rezultatai parod¢, kad plaukimas ir aerobika sumazina sveiky ir serganciy 1 tipo cukriniu diabetu
merginy kraujo gliukozés koncentracija. Visgi pratybos vandenyje 1émé didesni serganciy 1 tipo cukriniu
diabetu merginy Sio rodmens kitima nei aerobikos pratybos.

Raktazodziai: 1 tipo cukrinis diabetes, plaukimas, aerobika, kraujo gliukozé, glikemija.
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