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PRICINY
DIABETES MELLITUS

(Silbernagl & Lang, 2001)
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Metabolizmus glukézy

a jeho regulace
(Silbernagl & Despopoulos, 2004)
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Glykémie diabetiku Il. typu pfi po 30 min cvi€eni (cykloergometr, 70%V0O2peak)
Christ-Roberts et al., 2003
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Plasma glucose concentrations during euglycemic, hyperinsulinemic clamps. Plasma glucose levels for control
and diabetic subjects are shown during insulin stimulation alone and insulin stimulation with concomitant exercise.
Glucose levels were maintained at euglycemia (90-100 mg/dl) by a variable glucose infusion. For diabetic
subjects, glucose levels were allowed to fall until within the euglycemic range before variable glucose infusion was
begun. Values are means £ SE. =, Control, insulin alone; o, control, insulin + exercise; 4, diabetic, insulin alone; 2,
diabetic, insulin + exercise.
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Figure 2.7. Values are means + SE for five patients.
Plasma glucose and insulin responses to a 100-g oral
glucose load in patients with mild NIDDM before and
after 12 months of vigorous aerobic exercise training.
The after-training glucose tolerance test was performed

N. Ruderman et al. The Health ~18 h after the patients’ most recent bout of exercise.
Professional’s Guide to Diabetes and

Exercise. American Diabetes Modified from Holloszy and colleagues (37).

Associoation. Alexandria 1995, 335 pp.




PRIZNIVY VLIV AEROBNIHO CVICENI NA DIABETIKY

U dobre léceného diabetika 1. typu (inzulinem a dietou) spravné provadéné
cviceni prispiva ke:
o zlepSeni kompenzace onemocnéni
- I poctu inzulinovych receptorl a uc¢innosti inzulinu — lepsi vyuziti
glukdézy v burikach — | glykémie,
- (pripadné) | davek inzulinu
o zbrzdéni rozvoje dlouhodobych komplikaci, zlepseni lipidového spektra
U mnohych diabetikl 2. typu vhodna aktivita
o zlepSeni kompenzace onemocnéni
o odbourava prebytecné energetické zasoby (obezitu)

+ zlepSeni funkci obéhového systému (— | srdeCni autonomni
neuropatie, kardiomyopatie, ischemicka choroba srdecni),

+ zlepSeni zacinajicich a mirnych poruch regulace krevniho tlaku,
» preventivni a [éCebny ucinek osteoporoézy,

» udrzeni nebo zlepSeni fyzické a dusevni zdatnosti a vykonnosti,
psychosocialni situace a kvality zivota.
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HYPOGLYKEMIE
Priina
— malo jidla, prilis inzulinu nebo pfriliS cviCeni, aplikace inzulinu v mistech s
rychlejSim uvolnovanim do obéhu
Prevence
— vice jidla pred cvicenim,
— mensSi davka inzulinu pred cvicenim
Priznaky
— SUBJEKTIVNI

« LEHKE (NEKTERI JE NEPOCITUJI 1) - sv&déni, pocit sucha v Ustech,
bledost, poceni, hlad, slabost v kolenou, nervozita, strach a pocit napéeti,
podrazdenost, pocit zimy, nesoustfedenost, buseni srdce, bolest hlavy.

« TEZKE — poruchy soustfedéni, fedi, vidéni (dvojité), vravorani, agresivita
nebo klaun, ztrata vedomi, kreCe., unava, malatnost, bledost,, tres, studeny
pot, zavrat, bolest hlavy a bricha, ospalost, porucha vedomi

— OBJEKTIVNI: méfeni glykémie glukometrem (<3,5-4,5 mmol/I?)

Reseni

— podat sacharidy (sladké oplatky, Cokolada, sladky napoj, svacina -
chleba, rohlik), glukozu

— pripadne aplikace glukagonu

— zavolat RZP, kontrolovat zakladni zivotni funkce ...




zmeéna Glykémie po 20 min cviceni (vanessa et al., 2006)

a 10 s sprintu

Change in Blood Glucose (mM)

bez sprintu

T 12 T T T T T T T T T

-40 -20 0 20 40 60 80 100 120
Time post-sprint (min)

10 s sprint brani rozvoji hypoglykémie po stfedné intenzivnim cvi¢eni u diabetikl I. typu

Effect of a 10-s sprint (ergometer) on blood glucose after moderate-intensity exercise (40%V02max). The moderate-intensity
exercise commenced at time point —20. Blood glucose levels are expressed relative to those immediately after the moderate-
intensity exercise (time point = 0). All data are means + SE. , moderate-intensity exercise; vertical bar, sprint; ¢, sprint trial; o, control
trial. bP < 0.05 vs. 0-min time point (after moderate-intensity exercise) in control trial; °P < 0.05 vs. 0-min time point (after moderate-
intensity exercise) in sprint trial.



RIZIKO HYPERGLYKEMIE
U CVICICICH DIABETIKU

GLYKEME
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HYPERGLYKEMIE

« Pricina
— nedostateCna kompenzace diabetu - nedostatek inzulinu
— dietni chyba — nadmérny pfisun sacharidu
 Prevence
— dostateCna kompenzace diabetu (davka inzulinu, dieta)
— vhodné nacCasovani cviceni vzhledem k inzulinu
* Priznaky
— SUBJEKTIVNI: slabost, malatnost, porucha orientace az vedomi.
— OBJEKTIVNI: kiZe spiSe ervend, zpocena.
— meéreni glykemie glukometrem (>17 mmol/I?)
.« Reseni
— zavolat RZP, piti vody, sledovani zakladnich zivotnich funkci
— aplikace inzulinu




RIZIKO AKUTNICH METABOLICKYCH KOMPLIKACI
SYMPTOMY HYPOGLYKEMIE A HYPERGLYKEMIE

LOW BLOOD SUGAR
Hypoglycemia

igns and ﬁrm;lrms ) Signs and Symphoms:

HIGH BLOOD SUGAR
Hyperglycemia

3
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PORUCHA  (JNAVA, BLEDOST POMOCOVANI BOLEST
- VIR BRICHA

http://2xmetropolitan.com/signs-of-high-blood-sugar-that-you-have-to-know.html/what-causes-high-blood-sugar-besides-food#image-1



DLOUHODOBE KOMPLIKACE DIABETU

Diabetic
Retinopathy
Leading cause
of blindness Stroke
in adults!2
2-to d4-fold increase in
CW mottality and stroke?
Diabetic
Nephropathy
Leading cause of
endstage renal
dizease’ .
Cardiovascular
Disease
Diabetic
Neuropathy Angiopatie

Leading cause of
non-traumatic

Diabeticka moha

1. UKPDS Group. C¥abedes Res 10001301111, 2. Fong D5 et al. Diabedes Care 2003260 5uppl 10:590-5102. 3.
HOS. J Hyperens 19931 103:309-317.

4. Molitch ME et al. Cvabedes Care 2003260 5uppl 12:594-595. 5. Kannel WH e al. As Hearid J 1990120672676, 6.
Gray RP et al. In Textbood of Cvabedes 2nd Bdition, 1997 . 7. King's Fund. London: Brtizh Diabetic Associgtion, 1996,
8. Mayfield JAet al. Dvabedes Care 2003;26(%uppl 13:578-579

http://cutimed.com/therapy-approaches/diabetic-foot-ulcer/pathogenesis/



RIZIKO ZHORSENI SPECIFICKYCH KOMPLIKACI

NESPRAVNOU POHYBOVOU AKTIVITOU
U DM je i v klidu zvySena koncentrace volnych kyslikovych

radikalu.
Cviceni>10-15-min-a—=>75% \/n Ma— nXI_D_A_c_N_l_S:I:RES
KOMPLIKACE ZATEZ NASLEDEK

. proteinurie,
Niire[pEn selhani ledvin

vytrvalostni

Porucha ANS, intenzivni k?elhrf,ﬂ'
ICHS, KMP cvideni eviino
obehu

Hepatopatie —— - SE|NANI jater

zlomenina

Osteopordza naraz .
kosti

Angio+Neuropatie defekty kuize a

treni a tlaky

nohy ——ee» hlubsich tkani
krvaceni do
Retinopatie naraz do hlavy sitnice,
—————————————

oslepnuti




PRAVIDLA VYBERU A PROVADENI CVICENI

o prisné individualné podle stavu onemocneéni, pfitomnosti komplikaci,
reakce na zatez, zdatnosti, psychickych schopnosti, socialni a materialne
— ekonomicke situace, prostorovych a casovych podminek, dosavadnich
sportovnich zkusenosti.

Hlavni druh leCebného cviceni je
prevazne aerobni cviceni
se zapojenim vice svalovych skupin.

v

0 Vhodngjsi je aktivita s dobre regulovatelnou dobou a intenzitou —
chlze, béh, jizda na kole, plavani, veslovani, brusleni, stolni tenis,
badminton, tenis; u zkusenych i kolektivni a micove hry.

o CviCeni v dosahu pomoci, pokud mozno s dohledem nebo

partnerem.




VODITKA PRO RiZENI AEROBNIHO CVICENI

Intenzita:
pod urovni anaerobniho prahu nebo mezi 50 a 75 % VO,max

Pomoci zatéz. testu limity vyjadrit pro pacienta pouzitelnymi voditky:
_stupen subjektivniho pocitu zatizeni (ve Skale 6-20 dle Borga),
-srdecni frekvence

V pripadech, kdy nejsou k dispozici vysledky zatézového testu, Ize vyuzit take
- pocit “lehké az ponékud namahavé zatéze” (11-13 dle Borga),
- test mluveni.

Kontrolu a fizeni intenzity pohybu pocitem zatizeni nebo mérenim srdecni
frekvence si pacienti mohou naucit a osvojit.

Pred cvicenim 5 minut na rozehrati, po cviceni 5 minut na postupné zchlazeni.
Frekvence: nejlépe denné, alespon 3x tydné.

Trvani: 10 az 120 minut podle intenzity a frekvence cvi¢eni, podle reakce
organismu, moznosti pacienta a zevnich podminek.




Skala pocitu zatéze (Borg, 1962)

Stupen Slovni hodnota
6
7 VELMI VELMI LEHKA
8
9 VELMI LEHKA

15 NAMAHAVA

16

17 VELMI NAMAHAVA

18

19 VELMI VELMI NAMAHAVA
20




PODMINKY VHODNOSTI CVICENI PRO DIABETIKA I TYPU

o diabetik s dobrou kompenzaci onemocneéeni
glykémie 5-17 mmol.l-!, bez ketonurie

a diabetik s dostateCnou znalosti ucinku cviceni

a diabetik, schopny predchazet a resit pripadné komplikace
— | riziko rozvoje akutnich metabolickych komplikaci

PRAVIDLA VYBERU A PROVADENI CVICENI

1 Nevhodné jsou extréemni neprerusované a dlouhodobé
vytrvalostni vykony s prekracovanim anaerobniho prahu,
nedovolujici plnou kompenzaci metabolické acidozy (bézecké a
cyklistické maratony, dlouhé triatlony, narocné béhy na lyzich a
pod.).

o Nebezpecné, zvlasté pro diabetiky s retinopatii a hypertenzi, jsou
cviky s prudkymi narazy do hlavy (hlavicky ve fotbale, udery
souperem) a s prudkym a vyraznym zvysenim krevniho tlaku

1 4 r r




POSILOVACI CVICENI
Odporové dynamické cviceni lehké az stredni intenzity
pravidelné nékolik minut denné
» pro dobrou funkci stabilizatora trupu (hluboky stabilizacni systém)
» posileni vSech ¢asti pohybového aparatu - svaly, vazy, kloubni pouzdra..

PROTAHOVACI CVICENI
» pro dobrou funkci stabilizatora trupu (hluboky stabilizacni systém)




Cviceni dvou Vystup na ,,M.Everest“ (1240 pater)
A(trénovany)/15,5h; B(netrénovany)/25h
Sacharidy (g): 640; 1150
RPE: 13-17; 15-19

diabetiku I. typu

A B ® OsobaA @ OsobaB =—Polynomicky (Osoba A) =—=Polynomicky (Osoba B)
trén. netrén.
Vek (1) 24 23 '
10
Hmot. (kg) 77 85 ]
Vyska (cm) 170 176 S .
£
BMI (kg.m2) 26,6 27,4 E 7
Trvani DM (r) 7 9 :% 6
HbA ¢ (%) 6,8 11,8 % 5
DDI (j) 12-10-12 16-14-14 g 3k
: 3
DDdep.I (j) 16 12 ; SPANEK
0 2 4 6 8 10 12 M 18 18 20 22 24
¢as v hodinach
(Betka J. Moznosti fyzického zatizeni diabetiki I. typu. 0 4 8 12 15,5 24 25
Diplomova prace. Fakulta sportovnich studii MU, 2002) Osoba A| 8,1 1.2 6,3 4,8 4,2 7.9 7,6
Osoba B| 10,2 6,3 4,6 5:3 4,3 3,8 4,0




Cviceni dvou
diabetiku I. typu

glykémie v mmol/l

Stafetova soutéz v télocviéné (2,5h)
v 9-11:30 h

A(trénovany); B(netrénovany)

L Q0 .
o © o o

o
N o o

o o o
Ao oo »

0 05

2

c¢as v hodinach

Sacharidy (g): 40; 70
RPE: 16; 18

3

4,5

A snizil Inz pfed: V 16—13 ., R 1258 .
B skondil o 0,5 h dfive pro unavu a krecCe

0 1 2 250 4,5
Osoba A 7,8 fi 6,3 5,8 6,4
Osoba B 9,5 9,1 6,9 5,9 5,1

(Betka, 2002)



Cviceni dvou
diabetiku I. typu

Po vyjezdu na kole (40km/2,5h) v 13-15:30 h

Glykémie v mmol/l

A(trénovany); B(netrénovany)
Sacharidy (g): 20; 20
RPE: 15; 17
Tekutiny: 3 |

1,0

7

6,5

6

55

5

45

: 1 2 3 4

Osoba A 7)1 oy ae 6 54
Osoba B 6,9 6,2 ‘ 5,8 5,1
¢as v hodinach

—8— Osoba A —@®—0Osoba B

(Betka, 2002)



Cviceni dvou
diabetiku I. typu

Veslovani na prehradé (2:15 h) v 9:30-11:45 h

Hodnoty glykémie v mmol/l

A(trénovany); B(netrénovany)

Sacharidy (g): 40+0; 40+150

RPE: 13; 15
13
12
11
10
9
8
T
6
5
4 . : :
0 1 2 . 4 5 6 4 8 9 st
Cas v hodinach
-8 (Osoba A —®—0Osoba B
0 1 2 4 9 11
Osoba A 6,8 7,0 S.1 6,5 6,5 8,2
Osoba B 8,2 TS 6,3 g | - 12,3

(Betka, 2002)



Vyjezd na kole (25km/2h) v 16-18 h
A(trenovany); B(netrénovany)
Sacharidy (g): 0, 70
RPE: 17; 19
Tekutiny (I): 1; 0,75

13

Cviceni dvou 12
diabetiku 1. typu =

10

Hodnoty glykémie v mmol/l

0 1 2 3 4 5 6 i 8 9 10
¢as v hodinach

0 0,5 1.5 2 3 10
Osoba A 3.9 2.9 Tqt 5.9 12 8,8
Osoba B 19.1 12,3 1539 4,8 | 11,5 | 4,9 (Becka, 2002)



Pési turistika v tézkém clenitém terénu
(23km/3:30h) v 9-12:30 h
A(trénovany); B(netrénovany)
Snizeni ranni davky Inz: 12—10; 14—10j.
Sacharidy (g): 180; 270

CviCeni dvou 13
diabetiku I. typu 5

11

10

8 10j.Inz
7 + Obéd

Hodnota glykémie v mmol/l

VAN
COKOLADA

L] D i TR S T L ) [ s e e s M 1 G
¢as v hodinach

0 0,75 2 259 kT 4,5 2y 6 17
oba A 8,7 92,8 4,2 D43 5,4 4,1 3,8 (4.3 | 1.9
oba B [ 118'] 11,9 | 5,0 6,0 4,8 4,5 4,1 5,0 | 3,6 | (Becka, 2002)




Salova kopana (2,5h) ve 14:00
A(trénovany); B(netrénovany)
Snizeni davky Inz pred obédem: 10—8; 14—10 .
RPE: 16; 18,5
Tekutiny (): 2,5; 2,7

Cviceni dvou

. a1 o 10
diabetiku I. typu
>
£
£
>
2
E
)
>4
>
o]
8
o
=
° .
:g SLADKA
limo+tyCinka
0 0,5 1 1l 2 2.5 3 3.5
¢as v hodinach

0 0,3 1 1.5 i 2.3 3.5

Osoba A 8,2 8,1 9,3 5,8 5,4 3,8 5,8

(Betka, 2002) | Osoba B 9,2 9,2 6,2 5.2 5,7 6,3 6,9




Cviceni dvou
diabetiku I. typu

Kruhovy trénink v posilovné (2 h) ve 14:00 h
A(trénovany); B(netrénovany)

Snizeni davky Inz pfed obédem: 10—8; 14—10 j.

11j. Inz

Actrapid

RPE: 14; 16

| —@=—0soba A =—@=—QOsoba B

hodnoty glykémie v mmol/l

WAk OO NO®OWOO

Osoba A

0,33 1 2 3 6
v

Osoba B

6 6,2 5,
18.5 | 11,1 6

B |

(Becka, 2002)



Glukometry

https://en.wikipedia.org

http://www.in-pharmatechnologist.com/Drug-Delivery/Novo-Nordisk-and-
Roche-insulin-pump-collaboration-gets-EU-thumbs-up

il

http://www.janekdickinson.com/insulin-pen-vs-vial-and-syringe/



Kontinualni monitoring glukozy
(www.detskydiabetes.cz)

v intersticialni (mezibunécéné) tekutiné

| vysilac senzoru
pokoZka—

—-senzor
podkozni tkan———

Systém
SENZOR + PUMPA

- Zobrazeni koncentrace
glukézy na displeji pumpy

http://www.medtronicdiabetes.com/

- Diabetik si sam muze
upravit davku

Neni to automaticky
uzavieny systém.



http://www.detskydiabetes.cz/

Kontinualni monitoring glukézy
BIOSENZOR

http://amal.net/?p=2658

Communication  Energy  Control  Optics  Packaging Optical fiber
l | l Bio-Sensor

s .
' R/—/
Detection Unit Sensing Unit

Reads fluorescence and transmits Translates glucose
data to an external unit or smartphone levels into fluorescence




Kontinualni monitoring glukézy
BIOSENZOR

http://www.glusensemedical.com/

Fluorescence Resonance Energy Transfer (FRET) sensor

. Small onqecmes G St SIS Glucose Not Bound Glucose Bound
: 2 < > T ‘Membrane ¢
/Glucose Oxygen CO?' P ’2%‘ 3 Glucose
H f N S J BioSensor Protein:
R e CEE . | Glucose Binding Protein

Optical Fiber

Fluorescent Groups ——>

Host Cells Immune System

Fluorescencni senzor

Jon Stefan Hansen, Jarn Bolstad Christensen. Recent Advances in Fluorescent Arylboronic Acids for Glucose Sensing. Biosensors 2013,
3(4), 400-418; doi:10.3390/bios3040400
http://www.mdpi.com/journal/biosensors

OH



http://www.mdpi.com/search?authors=Jon Stefan Hansen&orcid=
http://www.mdpi.com/search?authors=J%C3%B8rn Bolstad Christensen&orcid=
http://www.mdpi.com/2079-6374/3/4/400
http://dx.doi.org/10.3390/bios3040400

Kontinualni monitoring glukozy
(www.detskydiabetes.cz)

Zpozdeéni glukozy v intersticialni tekutiné za glykémii 15-20 min

méreni glukometrem  méreni senzorem  kalibrace

glykémie
mmol/|

15.0

4.0

cas

© Détska diabetologie 2015


http://www.detskydiabetes.cz/

glykémie
mmol/I

11.0

4.0

glykémie
mmol/I

18.0

3.3

Kontinualni monitoring glukozy
(www.detskydiabetes.cz)

Alarm pfi glukéze mimo nastavené limity

00 0000
0..°9 0 " .0

cas

¢as

© Détska diabetologie 2015


http://www.detskydiabetes.cz/

Technology can help fuel

performance and recovery

—
Biometric data 0 5

From smart devices
e.g. heart rate,
accelerometry, body

temperature B
Data gathering : .. f
and compilation :
Smart pens -—/.

Decisions support systems 04
and smart pens

Scott et al Lancet Diabetes Endo 9(5) P304-317, 2021

mysporiscience

Uik e oo of Seane 3 (oterie Poe=gros

Q Ejeukendrup

www.mysportscience.com

Continuous glucose
monitoring

Real-time blood
glucose data

\ ‘02 Food logging

Incl automated
food recognition
and quantification

N Algorithms and
@l artificial intelligence

Placeholder

03 Hybrid or closed loop
systems



InfraCervena termografie
v diagnostice
diabetickych komplikaci

- makroangiopatie, neuropatie

Tkane s dobrym prokrvenim jsou teplejsi.

Tkané s poruchou prokrveni jsou chladngjsi.

Ke zvyraznéni zmén dochazi po fyzické zatézi.

Figure 1 - (A) Plantar thermographic image in a diabetic patient,
showing Interdigital Anisothermal (the white arrow shows the
different colors in toes meaning AT = 04°C). (B) Plantar
thermographic image in a control subject, with regular thermal
distribution, without Interdigital Anisothermal (color gradient of
toes considered normal, AT = 0.4°C).

Balbinot et al. Plantar thermography is useful in the early diagnosis of

diabetic neuropathy. Clinics vol.67 no.12 S3ao Paulo Dec. 2012.
http://www.scielo.br/scielo.php?pid=51807-59322012001200012&script=sci_arttext



Snack noon

Glykémle S Breakfést | Mid-morning Lunch After—

cvicenim a bez ol
cviceni behem %‘E‘%%emi

dne se snidani, [B]sowar  [Ex]sowan
svacinami a i |

200—

obédem

150~

Fig. 9: Influence of two ergometric

challenges on blood glucose levels in

patients with juvenile diabetes acc. to 1004 '
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M. Berger. Diabetes in pictures. Exercise and Physical Training in the Diabetic Patient. Hoechst, Frankfurt am Main 1986, 44pp.
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Fig. 13: Effect of relatively mild ergometry _SO“;.- o
for duration of three hours on the plasma . i ™ ey i T
level of glucagon in healthy personsand =100 30 60 90 120 150 180 l;nlo

patients with Type 1 diabetes mellitus - L e ... min
(acc. to M. Berger et al., 1977). ' . : . -
Refer to Fig. 10 for explanation of

symbols.

M. Berger. Diabetes in pictures. Exercise and Physical Training in the Diabetic Patient. Hoechst, Frankfurt am Main 1986, 44pp.
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- Fig.14: Effect of relatively mild ergometry
_ for duration of three hours on the serum
_ level of cortison in healthy persons and
. patients with Type 1 diabetes mellitus

. (acc. to M. Berger et al., 1977).

- Refer to Fig. 10 for explanation of

- symbols.
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M. Berger. Diabetes in pictures. Exercise and Physical Training in the Diabetic Patient. Hoechst, Frankfurt am Main 1986, 44pp.
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: Fig. 15: Effect of relatively mild ergometry L
. for duration of three hours on the serum

- level of free fatty acids (FFA) in healthy

- persons and in patients with Type 1 dia-
- betes mellitus (acc. to M. Berger et al.,

- 1977).

" Refer to Fig. 10 for explanation of

~ symbols.

M. Berger. Diabetes in pictures. Exercise and Physical Training in the Diabetic Patient. Hoechst, Frankfurt am Main 1986, 44pp.




