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Summary

Diabetes is treated as a set of metabolic diseases, which, in light of today’s
knowledge, significantly influences the change in the treatment strategy of this dis-
ease. Physical exercise has become an indispensable component in the treatment of
type 2 diabetes. The aim of this paper is to assess changes in HbA1C level and BMI,
depending on the frequency of the workout scheme (daily exercises vs. every other
day) in the process of diabetes treatment.

The research was carried out on a sample of subjects aged 48-75. 82 patients,
divided into two groups, took part in the research. In Group I, the workout program
was applied daily, while in Group II — every other day. In both groups the session
length was 35 minutes. After the analysis of differences between the groups, it was
ascertained that no statistically significant differences (p>0.05) in the analysis of
the BMI mean value can be observed between the women from both groups. Simi-
larly, men from Group I and II did not exhibit any statistically significant differenc-
es (p>0.05) as far as the mean value of the BMI was concerned. While analyzing the
mean value of HbA1C after completing the research, no statistically significant dif-
ferences (p>0.05) were found between men and women from the respective groups.

Conclusions from the study were as follows: no relation between BMI and
HbAIC level, and the frequency of exercises was found; patients who participated
in the treatment accompanied by physical activity control and close medical super-
vision, obtained clinical improvement and gained mobilization to undertake physi-
cal activity after the study was complete.
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Introduction

Diabetes is treated as a set of metabolic diseases, which significantly changes the strategy
for its treatment in the light of today’s knowledge (Atval et al. 1992; Nowak et al. 2010; Davis
et al. 1999; Segel, Paramore, Cryer 2002, p. 724-733; Turner et al. 1998). In recent years, the
attitude of medical personnel to the needs expressed by the patients has changed. Treatment
aims are determined individually: suggested by the physician and accepted by the patient.
Treatment components, however, have remained unchanged (Szybinski 2001, p. 751-758).

The literature indicates that workout plays an important part in treating type 2 diabetes. In
fact, patients have not always been encouraged to work out. No benefits from physical activ-
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ity were presented to them (Bassuk, Manson 2005; Berger, Hagg, Ruderman 1975; Figueroa
et al. 2007, p. 437-444; Kirk et al. 2004, p. 821-832; Boule et al. 2002, p. 60-61; DeFronzo,
Ferrannini 2006).

It is necessary to educate patients in terms of all aspects of diabetes treatment, which is
a specific disease. When qualifying a patient for a particular workout program, one should
present all indications and contraindications, as well as a clearly developed workout routine.
This paper was aimed at answering the following question: Does the frequency of workout
(every day versus every other day) significantly affect the improvement in metabolic control
of diabetes?

The aim of the study

Aim of the study: assessment of changes in the HbA1C level and BMI, depending on the
frequency of workout: (daily exercise versus every other day) in the treatment of diabetes.

Materials and methods

The study was conducted among randomly selected 82 patients aged 48-75 with type 2
diabetes. The background check revealed that they had not undergone myocardial infarction,
had no history of cancer, and no neurological episodes. Health of the respondents was good.
Among subjects, there were 52% women and 48% men. All participants accepted physical
exercise as an important part of the treatment of diabetes. The subjects did not exhibit any
contraindications to the designed workout routine. Patients were divided into two groups:
the first (I) group (41 persons, 21 women and 20 men) worked out every day, while the other
(II) group (41 persons, 21 women and 20 men) exercised every other day. The scope and
intensity of workout was developed and approved by physiotherapists.

Groups I and II were homogeneous in terms of gender and age structure (the differences
between the groups were not statistically significant, p>0.05). All subjects took oral hypo-
glycemic medication (under strict medical supervision) and followed diabetic diet, devel-
oped individually for each patient by a dietician.

The average duration of the study in both groups was 8 months. Throughout the entire
period of observation and workout, the composition of groups did not change. During the first
meeting with patients, a medical interview was carried out. It included background check,
patient’s preferences, degree of metabolic control, medical examination and symptoms. EKG,
body height and weight measurements were made, BMI was calculated and HbA1C level de-
termined. Patients promised to strictly follow the guidelines and to participate in the proposed
workout program at home, while following specially designed dietary recommendations.

During the whole workout period, patients kept a self-observance diary, where they re-
corded their workout data (types of exercise, time, heart rate before and after exercise) and
their diet.
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In both groups (I and II), single session took 35 minutes and included the following ex-
ercises: 20 minutes of gymnastics and 15 minutes of exercises with a ball. Group I did the
exercises every day in the morning, while Group II every other day. The workout intensity
was similar in both groups.

During the 8-month observation period, patients were examined twice by a doctor. During
the examination, their BMI was determined on the basis of anthropometric formula BMI
(BMI = weight / height?). Patients’ HbA1C level was determined at the laboratory of the
Regional Hospital in Szczecin. The statistical analysis was based on student’s t-distribution,
with significance threshold at p< 0.05.

Results

The BMI analysis before the workout program in Group [ (21 women and 20 men) re-
vealed that BMI x =29 for women and x =30 for men. There was no statistically significant
difference (p>0.05).

In Group II, the BMI before workout program also did not differentiate the genders
(p>0.05). The index for women was x =28, while for men x =31.

The analysis of differences between the two groups (Group I and Group II) before the
workout program revealed no statistically significant differences (p>0.05) between women
in terms of the average BMI. Similarly, men from Groups I and II did not differ significantly
in terms of BMI (p>0.05). The average BMI for men and women in both groups is illustrated
in Figure 1.

HbAI1C level of all patients was also analyzed before starting the workout program. It
was found that women from Group I had an average value of HbAlc at 8.8% and it was
insignificantly higher (p>0.05) than men’s result (8.4%). In Group II, the average value of
HbA1c in women (8.5%) was insignificantly (p>0.05) lower than in men (8.8%).

The analysis of an average value of HbA1C of women in both groups (Group I and Group
I1) before the workout program revealed no statistically significant differences (p>0.05).
Similarly, men from Groups I and II did not differ significantly in terms of HbA1C level
(p>0.05). The average HbA1C value for men and women in both groups is illustrated in
Figure 2.

At the end of the study (after 8 months), HbA1C level and BMI of patients were meas-
ured. It was found (Fig. 3) that men and women from Group I had BMI X =29, while in
Group II the average BMI for women ( x =27) was insignificantly lower (p<0.05) than the
average value for men ( x = 30).

The analysis of differences between the two groups (Group I and Group II) after the
workout program revealed no statistically significant differences (p>0.05) between women
in terms of the average BMI. Similarly, men from Groups I and II did not differ significantly
in terms of BMI (p>0.05).
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Figure 3
Average BMI of men and women from Group I and II after the study
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Figure 4
The average HbA1C values for subjects from Group I and II after the study
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Average BMI for men and women in both groups after the workout program is illustrated
in Figure 3.

The analysis of HbA1C after the workout program found that in Group I the average
HbAIC level was 8.6% for women and 8.2% for men (p<0.05). In Group II, the average
value of HbAlc in women (8.4%) was insignificantly lower than in men: 8.5% (Figure 4).
The analysis of differences between the two groups (Group I vs Group II) after the workout
program revealed no statistically significant differences (p>0.05) between men and women
in both groups in terms of the average BMI (p>0.05).

In conclusion, the analysis of data presented in Table 1 shows a decrease in BMI in both
groups (I and II), as well as a decrease in HbA1C level. The comparison of the results of
the two groups revealed differences in terms of BMI ranges (1-2), while the differences of
HbAlc levels ranged between 0.2% and 0.3%. The differences between the groups were
observed both in terms of BMI and HbA1C. These differences, however, proved to be sta-
tistically insignificant.

Table 1
Summary of BMI and HbA1C results
. Group [ Group 11
Indicator Gender
before the study | after the study | before the study | after the study

BMI Women 29+2 20+2 28+1 2743

X +SD Men 3041 29+1 3142 30+2
HbA1C Women 8.8%=0.1 8.6%=+0.2 8.5%=0.1 8.4%+0.2

X 13D Men 8.4%+0.2 8.2%+0.1 8.8%=0.1 8.5%=+0.2

X_ . .
= arithmetic mean
SD= stan(gllr& 8ev1at10n

Source: author’s own study.

Discussion

In recent years, there has been a steady increase in the incidence of diabetes (type 1 and 2)
—an incurable disease that lasts a lifetime and contributes to changes in blood vessels. This,
in turn, leads to disability and increased mortality.

It is estimated that currently diabetes affects more than 180 million people around the
world. More than 80% of them suffer from type 2 diabetes. Type 1 is particularly prevalent
in populations of children and adolescents. In a few years, this number will increase sig-
nificantly. Epidemiologists indicate that the number of people with diabetes has doubled
every twenty years since 1945. This phenomenon is difficult to explain in relation to type 1
diabetes.

The increased incidence of type 2 diabetes is quite easily explained. Diagnostic methods
are currently better and risk factors of the disease are well known.
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We are observing negative trends in health behaviors of the population. Incidence of
type 2 diabetes is closely associated with lifestyle (Ahren 2000, p. 393-410; Corpeleijn et al.
2007; Kurpas, Czech, Mroczek 2012). The development of the disease is facilitated by high-
calorie diet of processed foods full of carbohydrates and animal fats, with a small amount
of fiber, accompanied by low level of physical activity and aging of the population. There
is also a group of people diagnosed with impaired glucose tolerance, who run a high risk of
developing this condition into symptomatic diabetes.

The costs of treating diabetes have been soaring. In the US and the UK, it consumes ap-
proximately 6-7% of the total healthcare budget. It is estimated that this value may rise to
10% within a decade. It is also known that about 80% of treatment costs are associated with
long-term complications caused by diabetes (Benson et al. 2003).

Basic goals of treating diabetes patients include: ‘achieving and maintaining a sense of
health and the quality and length of life of healthy people’ (Declaration of St. Vincent) [6].

Many years of experiments and results of multicenter studies (DCCT, UKPDS) prove
this potential. We should ‘motivate’ and educate patients and their loved ones so that the
treatment targets are clear and understandable to all. Aims must be determined by the phy-
sician and accepted by the patient. For example: workout! Formerly ignored, workout has
been finally given proper importance as a part of diabetes treatment, especially type 2 (in-
sulin dependent), which is associated with obesity. Workout is especially important in the
prevention and treatment of impaired glucose tolerance (Alkhateeb et al. 2007).

It has been observed that regular workout regulates the metabolism of glucose, as shown
in this study. It also causes numerous positive changes in the body and is an important ad-
dition to the dietary treatment of obesity. Low physical activity is rarely the primary cause
of obesity, although it facilitates its development. Systematical workout prevents excessive
accumulation of body fat. It improves the overall efficiency and physical fitness. It also
ensures better cardiorespiratory endurance. It contributes to the reduction of elevated blood
pressure, which often accompanies obesity. Moreover, it slows down osteoporosis (Coggan
et al. 1993).

It has also been shown that negative energy balance cannot be obtained if physical activ-
ity is not accompanied by dietary restrictions. A one-time intense workout suppresses ap-
petite for a short time, due to elevated blood levels of glucose, lactate, catecholamines, and
higher body temperature. With regular physical activity, the daily food consumption increas-
es proportionally to the energy expenditure (Del Canizo-Gomez, Moreira-Andres 2004).

Numerous studies have shown that regular physical activity during 10-12 weeks reduces
fat mass and leads to favorable changes in blood lipid profile. This is manifested by lower
total cholesterol and LDL fraction with a simultaneous increase in HDL concertation.

These factors are very important in the treatment of diabetes, but undoubtedly the most
important therapeutic effect of exercise is its effect on insulin sensitivity. The metabolic
syndrome associated with obesity is accompanied by a reduction in insulin sensitivity and
hyperinsulinemia. Weight reduction improves insulin sensitivity (Gary et al. 1999).
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Physical exercise has a colossal impact in the prevention and treatment of insulin resist-
ance and skeletal muscles (regardless of fat reduction). It has been found that single workout
session results in greater glucose uptake by muscles and glycogen synthesis, and it improves
insulin sensitivity. It results in an increased transport of glucose (stimulated by insulin) into
cells, and its oxidation. This is probably a post-receptor effect. Increase in insulin sensitivity
caused by physical activity is also facilitated by proliferation of capillaries in muscle tissue.

It is recommended that patients with diabetes wok out, as much as their abilities and life-
style permits. However, physical exercise must be introduced gradually, with consideration
given to patient’s age, individual treatment goals, motivation, abilities, possible complica-
tions and contraindications. Treatment of type 1 and type 2 diabetes with physical exercise
use slightly different approaches.

There were many attempts to develop principles of dosage regulation, carbohydrates sup-
ply and physical workout intensity for diabetes patients treated with insulin, which would
provide a good metabolic control. It is difficult, however, to use these rules in practice, as
they impose a rigid framework for the patient to follow. Rarely can one predict in advance
when exactly the physical exercise will begin, what its intensity will be how long it will take.
Therefore, it is necessary to make a preliminary assessment of metabolic control, patient’s
efficiency in the implementation of individual insulin therapy, their ability to self-monitor
blood glucose and self-prevent hypoglycemia. Physical effort that starts suddenly and is
quite intense (e.g. running, playing tennis, swimming) may paradoxically lead to an increase
in blood glucose. It may also have a ‘delayed effect’ of insulin requirement; even many hours
after the exercise, insulin sensitivity may be increased, which translates into decreased insu-
lin requirement. Therefore, insulin dosage must be corrected. Naturally, a longer duration of
workout may generally be planned. In such cases, one should reduce the dosage of insulin to
about 40-60% of the normal demand. All these factors need to be taken into account while
planning a workout program for a patient. Young people with diabetes should be encouraged
to be physically active (Yokoyama et al. 2004).

Among workout types, dynamic oxygen trainings are preferred, such as gymnastics,
walking, jog-trot, swimming, ball games, and cycling. Static efforts are contraindicated,
since they stimulate the adrenergic system and significantly increase blood pressure. One
should choose exercises that give pleasure, do not interfere with other activities and plans,
and satisfy individual needs of physical activity. Workout must be preceded by a warm-up
(5-10 minutes). Many studies have shown that to achieve greater sensitivity to insulin and
more sustained reduction in blood glucose, it is advisable to work out every other day, no
less than three times per week. Each session should last 30-45 minutes and its intensity
should be equal to 30-40% of maximum oxygen uptake, i.e. the pulse rate should be greater
than 140/min. In obesity, to reduce fat content one should exercise daily (Beeson et al. 2003;
Berger et al. 1979).

The Polish Diabetes Association states that physical exercise improves health of diabetic
patients. Ideally, it should be undertaken regularly and daily. However, there is a lack of
documented evidence which routine (every day or every other day) helps more in the treat-
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ment of diabetes. The role of regular physical exercise in the treatment of this disease needs
further studies concerning frequency of workout, types and intensity of exercises.

Conclusions

By observing a 8-month period of workout carried out by patients diagnosed with dia-
betes, treated with oral hypoglycemic and following diabetic diets, it has been found that:
1. Adding workout program (in the form of different forms of movement) to a treatment of
type 2 diabetes — with varied frequency but similar duration — led to similar results.
1.1. There was no correlation between BMI and HbA1C, and the frequency of workout
(daily or every other day), provided similar intensity, diet and treatment of diabetics.
2. Workout program resulted in a minimal but apparent tendency to support anti-diabetes
treatment.
2.1. Probably the study period was insufficient to observe clear correlations and changes.
3. After the study, patients treated with addition of physical workout and being under strict
medical supervision, experienced a subjective clinical improvement of their health and
felt motivated to continue exercise as part of the diabetes treatment.
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Zmiana parametrow HbA1C i wskaznika masy ciala (BMI)
w cyklu leczenia cukrzycy w zaleznosci od cze¢stotliwosci
podejmowania programu ¢wiczen fizycznych

Streszczenie

Cukrzyca traktowana jest jako zespot chordb metabolicznych, co w $wietle dzi-
siejszej wiedzy istotnie wplywa na zmiane strategii leczenia tej choroby. Cwiczenia
fizyczne staly si¢ nieodzownym elementem w leczeniu cukrzycy typu 2. Celem
niniejszej pracy jest ocena zmian poziomu HbA1C oraz BMI w zaleznosci od czg-
stotliwosci podejmowania programu ¢wiczen fizycznych (¢wiczenia wykonywane
codziennie, ¢wiczenia wykonywane co drugi dzien) w procesie leczenia cukrzycy.

Badaniom poddano osoby w wieku 48-75 lat. Ogétem badaniami objeto 82 pa-
cjentow, ktorych podzielono na dwie grupy. W pierwszej stosowano opracowany
program ¢wiczen fizycznych codziennie, a w drugiej co drugi dzien. W obu gru-
pach jednorazowe zajecia trwaty 35 minut. Po dokonaniu analizy réznic migdzy
badanymi grupami stwierdzono, ze miedzy kobietami z poszczegdlnych grup nie
odnotowano istotnych statystycznie réznic (p>0,05) w analizie $redniej wartosci
wskaznika BMI. Podobnie u m¢zczyzn, badani z I 1 II grupy pod wzgledem $redniej
warto$ci wskaznika BMI nie roznili si¢ istotnie statystycznie (p>0,05). Natomiast
analizujac $rednig warto$¢ wskaznika HbA1C po zakonczeniu badan stwierdzono,
ze ani pomigdzy kobietami z poszczegdlnych grup, ani pomiedzy mezczyznami nie
odnotowano istotnych statystycznie réznic (p>0,05).

Whioski z badan: nie wykazano zaleznosci poziomu wskaznikow BMI 1 HbA1C
od czgstotliwosci ¢wiczen; pacjenci objeci zastosowanym leczeniem wraz z kontro-
la ¢wiczen fizycznych i $cista kontrola lekarska po zakonczeniu badan uzyskali su-
biektywna poprawe kliniczng i motywacj¢ do kontynuowania ¢wiczen fizycznych.

Stowa kluczowe: ¢wiczenia fizyczne, cukrzyca, choroba przewlekta, styl zycia.

Kody JEL: 112

H3menenne napamerpoB HbA1C u mHaekca Macchbl Tejia Mo X014y
JieYeHHUs JuadeTa B 3aBUCHMOCTH OT YACTOTHOCTH 00palleHu sl
K nporpamMmMe (pu3n4ecKoil AKTUBHOCTH

Pe3ome

Jnaber cYMTalOT TPYIIOH METabONMMUecKuX 3a00NeBaHUiA, YTO B CBETE HBI-
HEIIHNX 3HAHWH CYIICCTBCHHO BIUSET HAa M3MCHCHHE CTPATCTHH JICUCHUS JTOM
6ome3nn. Ou3nUecKkue yNpaKHEHHUs CTalH HEOTHEMIIEMBIM AJIEMEHTOM B JICUCHUH
nrabera Broporo tuma. Llens crateu — naTh oneHKy u3meHeHuit ypoBHs HbA1C
u UMT B 3aBHCHMOCTH OT YaCTOTHOCTH OOpalleHHs K MpOrpamMme (U3MIecKuX
ynpaxHeHHH (YIPaKHEHUs], BBINOIHIEMbIC €KEIHEBHO, YIPAKHEHNUSI, BBITIOIHSIC-
MbI€ KaK/IbIii BTOPOH JICHb) B Ipoliecce JiedeHus ruadera.
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Oo6cnemoBany U1l B Bo3pacte 48-75 iet. B obmiem obcaenoBanu 82 maruenTa,
KOTOPBIX pa3[eliid Ha JBE TPYIIEL. B mepBoil mpiMeHsITH pa3padoTaHHYIO TPO-
rpaMMy €KEeTHEBHBIX (DM3UYCCKHUX YIPaKHEHUH, BO BTOPOH JKe — KaXK/IBIH BTOPOIi
neHb. B 00enx rpymmax oJHOpa3oBbIe YIIpaKHEHUS MPOAoDKamich 35 MuHyT. [1o-
CIle TIPOBEICHHS aHATH3a OTIIHINH MEeXIy 00CTIeayeMbIMI TPYIIIIaMHi KOHCTAaTHPO-
BAJTH, YTO MEK/Ty KEHIINHAMHA M3 OTACIBHBIX TPYII HE OTMETHIIN CTaTHCTHICCKH
cymecTBeHHBIX oTanii (p>0,05) B aHamm3e cpenHelt BenanHb! mokaszarens MUMT.
Tax xe y myxunH obcnenyembie u3 | u Il rpynmsl He OTIMYATHCH CYIIECTBEHHO
CTaTUCTHYECKH JIPYT OT Apyra mo cpexremy 3Hadenmo UMT (p>0,05). Ananmsu-
pys ke cpenree 3HaueHue uHaekca HbA1C mocrie 3aBepiieHus 00Cie0BaHUI OT-
METHJIH, 9TO HU MEXKIY KEHIIUHAMHU U3 OTACIBHBIX TPYIII, HU MEXAY MyKUMHAMH
HE OTMETHIIN CTATUCTHYECKHU CYNIeCTBEHHBIX OTanduit (p>0,05).

BrIBozibI 13 00Ci€10BaHMIT: HE yCTAHOBIJIEHA 3aBUCUMOCTD YPOBHSI IOKa3aTenei
UMT u HbA1C oT 4acTOTHOCTH yNpa)KHEHHIH; MAIMEHThI, OXBAYCHHBIC TPUMEHEH-
HBIM JICUCHUEM, HapsIy ¢ KOHTPOJIEM 32 (PM3MYECKUMHU YIPAKHECHUSAMH M YeTKUM
BpayeOHBIM KOHTPOJIEM TTOCIIE 3aBeplIeHs 00CiIeIoBaHni 00penu cyObeKTHBHOE
KIMHIYECKOE YIy4IIeHHE U MOTHBUPOBKY JUISl IPOJIOJDKEHUS (PU3MUIECKUX YIIPakK-
HEHHIA.

KiroueBbie c10Ba: (hM3MUYECKHE YHPAKHEHHUS, AHA0ET, XPOHUUECKAss OONE3Hb,
00pa3 KU3HH.

Koawl JEL: 112
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