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ABSTRACT

Kivistd, Riikka 2008. Energy expenditure and sudistrutilization during eccentric ex-
ercise in obese and diabetics. The Departmenta@b@y of Physical Activity, the Uni-
versity of Jyvaskyla, 92 p.

The present research was a pilot study examiniagetfects of diabetes
and obesity on energy expenditure (EE) and oxidatfoenergy substrates (CHO, lipid)
during eccentric exercise. Exercise is an imporfart of treatment of diabetes, but
diabetics have often increased risk of heart faillEccentric exercise requires lower
heart rate and systolic blood pressure comparegroentric mode. Thus, it could pro-
vide a safe mode for increasing impaired glucospatial in the skeletal muscles of
diabetic patients.

Subjects were males (n=28, age 52+7), of which &devdiabetics (DM),
12 obese (OND) and 3 lean non-diabetics (LND). OiND and LND were combined to
healthy controls (HC). After anthropometrical maasoents, fasting blood sample,
maximal VQmax test with a bicycle ergometer and maximal isormefiorce measure-
ment, the subjects had 4 weeks (2 sessions a veelggtation period with eccentric
ergometer. EE on the eccentric ergometer was me$uom the respiratory gases dur-
ing two intensity levels for 7 min. Muscle biopswysvobtained from the m. vastus later-
alis with a Bergstrom biopsy needle.

There were no differences in EE and substratezatibn between the DM
and OND. DM (-5.0+1,3 kcal/min) had higher EE comgohto HC (-4,4+1,3; p=0.037)
during second intensity level. The DM (53,2+10,4 3$¢d higher proportion of ViQax
during eccentric exercise compared to the HC (41422 p=0.023). DM (42,0£10,0 %)
had lower fraction of type | fibores compared to ONd®,1+10,1; p=0.048) and HC
(50,8+11,5; p=0.020). In the DM, the fraction opeyllb fibres correlated with CHO
oxidation (r=-0.661, p=0.027). In the HC, the petege of type llab fibres correlated
with CHO oxidation (r=0.661, p=0.038) and EE (r¥&B, p=0.011). Also, the fraction
of type llb fibres correlated with the lipid oxidat (r=0.648, p=0.043). Obesity influ-
ences more on the EE and the oxidation of substridian diabetes mellitus alone.
Lower percentage of type | fibres in DM is showadhe higher oxidation of CHO for
energy compared to HC. The diabetics used highmyagption of their oxygen consump-
tion capacity. This could be a sign for increasBaaytic enzyme activity in diabetics
compared to non-diabetics, which have been founchamy previous studies. These
variables could partly explain the subjects’ sevisjtto develop type 2 diabetes melli-
tus.
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1 INTRODUCTION

The changes in the working and living environmeantd availability of excess nutrition
have launched a growing epidemic of obesity and &pliabetes mellitus all around the
world. Particularly, the developed countries hauffesed from the economical and
health burdens caused by diabetes and its combesidif the current course continues,
even millions of people will develop metabolic dder at some degree. Inherited prop-
erties have some influence on the development ekibpand diabetes, the physical

inactivity plays even more crucial role. (LaMonteak 2005.)

Effect of exercise interventions on substrate zdtion and insulin sensitivity of diabet-

ics have been studied but they have mostly corateotron the concentric exercise.
There are less evidence of the influence of eciceaxercise which is considered safer
exercise mode, especially, for cardiac patients @ddr subjects. Type 2 diabetes is
associated usually with heart-related health prablesuch as high blood pressure and
high blood cholesterol. Therefore, eccentric exserciould provide means for increasing
the insulin sensitivity of tissues by training, mout jeopardizing the individual on car-

diac arrest or other heart failure. (Vallejo et24l06.)

The aim of this study is to examine whether thergynexpenditure and utilization of
energy substrates are influenced by type 2 dialmeédifus and obesity during eccentric
exercise. In addition, the relation of muscle filolistribution to energy metabolism is
under examination. The nature of this researchaseraross-sectional than longitudinal
intervention study, of which measurements wereqgoeréd in cooperation with LIKES
Research Centre and the Department of Biology gkieal Activity, University of Jy-

vaskyla.



2 ECCENTRIC EXERCISE

2.1 Biomechanical properties of eccentric exercise

2.1.1 Eccentric exercise and force production

Human movement is divided into three different nieisctions according to the muscle
and load torques (figure 1). During isometric masattion muscle exerts equivalent
amount of force compared to load torque, thus tepdo static action without any

movement. Dynamic movements require unbalance leeivead and muscle torques. In
concentric action, muscle force exceeds the loegu On the contrary, during eccen-
tric muscle action, load torque is higher than neigorque. In eccentric movement,
activated muscle is lengthening. (Enoka 1996.)
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FIGURE 1.Relationship between muscle and load torques inclauwsctions (modified from
Enoka 1996).

Eccentric actions are part of daily movements. Tigloeccentric movements high mus-
cle forces can be reached, but also tissue damagdenenhanced which is observed as
muscle soreness. In addition, special control exgias by the central nervous system
may be required. Mechanical efficiency and enernggipation of eccentric actions are
greater than in concentric ones. (Enoka 1996.) Mieehanical efficiency increases,
when the mechanical work increases in eccentricclauactions (Kyrolainen et al.
1990).



Muscle exerts greater torque in eccentric exercm®pared with concentric one. In
eccentric action, muscle can produce up to 200%maXimal isometric tetanic force.

Even relatively small number of high force eccentrctions may lead to reduced mus-
cle performance. (Warren et al. 1993.) The stirfadimuscle hypertrophy and muscle

damage are also stronger in eccentric muscle acf{bmoka 2002, 399-401).

Both eccentric and concentric (shortening) actiaresused in daily living. Muscle ac-
tion modes differ in the EMG activity patterns andhe order of motor unit recruitment
(figure 2a). (Enoka 2002, 354-356.) When Nardon8cdhieppati (1988) measured acti-
vation pattern of triceps muscles during breakirigaa-dorsiflexing load, they observed
different patterns compared to shortening (con@@ndr isometric actions. During con-
centric and isometric actions, all muscles arevattd gradually and in parallel. In ec-
centric action activation pattern, either the sslewscle is rapidly relaxed and the fast
gastrocnemii activated instead, or the gastrocnemgirecruited less but it produces

high-amplitude spikes.

Electrical activity in a muscle is directly proportal to the force of contraction (i.e.
tension) it is exerting, when shortening or lengthg of muscle is done at a constant
velocity. During lengthening however, the electriaativity is less compared to short-
ening at similar speed (figure 2b). This means thairder to exert the same force of
muscle action, active muscle have more electricaVity in shortening than in length-
ening action. Amount of tension is dependent omtmaber and discharge frequency of

active motor units. (Bigland & Lippold 1954.)
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Motor potentials evoked (MEP) by brain stimulatiare larger in a voluntary muscle
action involving muscle shortening than muscle teaging. Thus, motor potentials are
task dependent. A phenomenon has been seen in ticagné electrical stimulation of
the brachioradialis and the biceps brachii mus®esause both MEP and H reflex are
decreased in the brachioradialis during lengtherind increased during shortening,
task dependency of MEP is due to spinal mecharf@rartening performance does not
affect MEP of the biceps brachii so extensively, this is probably due to different role
of the muscle. (Abbruzzese et al. 1994.)

When muscle is lengthening at a constant velotgiysion rises first steeply and then
falls briefly before it continues rising throughdbe movement. Variation of the tension
in the beginning of the stretch is due to strerdiitribution in the sarcomeres. Contin-
ued rise of the tension is due to sarcomeres wimop” from the weakest to strongest
one during the stretch. Tension has to be slighitiyer in order to pop the next sar-
comere. At low stretching velocities, all the sanewes are continually lengthening, but
they do not reach their yielding point. During lostgetches the tension decreases. Be-
cause many sarcomeres have been popped, the dehsdycomere strength distribu-
tion is greater than in the beginning of the stre®arcomeres are lengthening slowly,
so the decrease in strength is higher than therdiite between strengths of popping
sarcomeres. Thus, the nature of lengthening isumsiorm. (Morgan 1990.)



When sarcomere reaches its yield point, only magmssive viscosity limits its length-
ening speed. Force velocity curve has no effeat.ofhe distribution of the yield ten-

sion of the sarcomeres determines the tension gltin stretch. (Morgan 1990.) Over-
stretched sarcomeres, which do not return to nopatéern, do not function normally.

This leads to reduction of the tension and chamgése tension-length curve and exci-
tation-contraction coupling. (Morgan & Allen 1999.)

2.1.2 Adaptations in muscles and nervous system

Eccentric, lengthening, muscle actions may inducesaie damage and degeneration
and replacement of the muscle fibres. Muscle pathstiffness occur a day or two after
eccentric exercise. Because an active muscle gtHening, it is suggested that in each
myofibril few sarcomeres are extended too muchsamde of them will not return fully
to the normal pattern during relaxation. (Morgar®@.9 When sarcomeres reach their
yield point in the force-velocity relationship fe@ngthening, mainly passive structures
will control the lengthening (Whitehead et al. 1298uring repeated active lengthening
these sarcomeres are quickly stretched and exts&teis passed to neighbouring myo-
fibrils. This results in tearing of the sarcomerkiehh may lead to damages in the sar-
coplasmic reticulum or the sarcolemma (figure 3nfages at these sites would cause a
release of intracellular calcium, contracturesisclind even destruction of the fibre dur-

ing days after eccentric exercise. (Morgan 1990.)
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FIGURE 3. Possible series of events leading to muscle adaptétom eccentric exercise
(modified from Proske & Morgan 2001).

It is suggested that the number of sarcomeres ctehé series and resistance to dam-
age from eccentric action increase after eccetr@ioing compared to concentric one.
Thus, lengthening active muscle at long lengthsgributed non-uniformly. This means
that most of the length change is due to few saetemstretched beyond filament over-

lap in each myofibril. (Lynn et al. 1998.)

Muscle adaptationAn eccentric exercise does not stimulate usuadagens of fatigue
(Whitehead et al. 1998). Muscle pain after eccemxiercise occurs several hours later,
and it peaks at about 48 h post-exercise. Musdegtarapidly to eccentric training.
Already after a second eccentric exercise boutchassare less stiff and sore. The im-
mediate signs of the muscle damage after ecceaxércise are disrupted sarcomeres in
myofibrils and damage to the excitation-contract{&C) coupling system. The pri-
mary sign, starting the process, remains unknowoske & Morgan (2001) suggested

that overstretching of the sarcomeres would dt@tamage process.

Structural changes in E-C coupling system are quitenown. In the study of Takekura
et al. (2001), downhill running resulted in ratsrélimb muscles by ultrastructural ab-
normalities. The number of longitudinally orientetlibule increased in fast-twitch (FT)

and slow-twitch (ST) fibres. In addition, the netk® of caveolar clusters and the num-
ber of multiple interactions of t-tubule segmentghwierminal cisternae elements in

sarcoplasmic reticulum are increased. Changeseircéiveolar clusters are seen in ST
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fibers immediately after exercise. Increased irtioa between t tubules and SR termi-
nal cisternae is only found in FT fibres duringaeery 2-3 days post exercise. Further-
more, this suggests that sarcomeric changes Badamage process. Sarcomere dam-

age slides myofibril past one another, finally dging t-tubules.

Tendency on the structural disruption of membraystesn is fibre type-specific. FT
fibres are susceptible to muscle damage causeddantic exercise, even if there are
both fibre types in the same muscle. The differeiscprobably due to different me-
chanical and metabolic properties of the fibre syp@akekura et al. 2001.) In a rat
study, fast oxidative glycolytic fibres were damadke most and slow oxidative fibres
the least after eccentric muscle actions. It issjibs that fibre phenotype or lower con-
tractile workload might be responsible for damagimgt fast-oxidative-glycolytic fi-
bres. (Vijayan et al. 2001.)

A single bout of eccentric exercise induces cetl@daptations in skeletal muscles.
Malm et al. (2004) found no muscle inflammation 48ter concentric or eccentric ex-
ercise, although serum CK activity, muscle soremesksthe number of blood granulo-
cytes was increased. This led to conclusion thgsiphl exercise does not induce mus-
cle inflammation or leukocyte infiltration. Elevat@eutrophil infiltration, Z band dam-

age and presence of Il3-1s suggested to be consequences of the musclsiésop

However, partly contrary results have been obtaibgdthe study of Stupka et al.
(2001). They observed gender-related differencebensecondary responses to eccen-
tric action-induced injury, such as serum CK atyivinflammatory cell infiltration and
activation of protein degradation pathways. In fEssathe CK activity is lower and
muscle neutrophil counts are higher compared wekersl Proteolytic pathways activate
after muscle damage, and consist of extracell@ay. {nflammatory cells) and intracel-
lular (e.g. ubiquitin) pathways. Independently @nder, ubiquitin-conjugated protein

content and muscle macrophages are increased. tRedp@eercise bout attenuated the
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magnitude of force deficit in both genders. In éiddi the muscle action velocity and
type (concentric and eccentric) had not influenoedthe force deficit. The Z-band
streaming was not significantly different after #weercise bouts compared to rest val-

ues.

Damages caused by an eccentric exercise induces geanstress response, specific
growth-promotion and antiproliferation. Inflammatoresponses (such as chemokine
ligand 2 and IL-1 receptor) and vascular remode{tegascin C and lipocortin 1l) have

been observed after the eccentric exercise. (Chain 2003.)

During first days after eccentric training, maxindmetric tetanic force is decreased,
mainly due to the E-C coupling failure. Primaryesif the muscle damage takes place at
the interface of t tubule and calcium ion {Qaelease channel of the sarcoplasmic re-
ticulum (SR). Eccentric actions may induce allasteffects of ion or metabolites,
physical disruption, and proteolytic degradatiomptoteins affecting the t tubule voltage
sensor and SR &5channel. During recovery, the contribution of E@ipling declined

in relation to decreased maximal isometric tetémice. (Ingalls et al. 1998.)

After a quick stretch, the incremental tensions wareelated to age. Force reduction is
smaller in eccentric muscle actions compared tmétdc and concentric ones in aging.
Contractile elements of the muscle cells may cbuaté to the preservation of tension
and eccentric force. (Ochala et al. 2006.) Eccemtrtions produce ultrastructural dam-
ages, which may increase muscle protein turnoversdié damages are more pro-
nounced in older compared with younger subjectss iBhdue to greater rates of myofi-

brillar protein breakdown in elderly. (Evans 1992.)

Muscle mass is considered to be the most impodetg@rminant of functional capabili-
ties. Isometric, concentric and eccentric exeramgles stimulate muscle hypertrophy

but the relative effectiveness of different exazaisodes has remained unclear in human
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studies. Differences are greatly due to types stirtg and effects of individual training
mode on the testing in the same mode. Adams €R@04) studied the adaptation of
skeletal muscle hypertrophy in response to isomdgngthening and shortening mode

exercises in rat muscles.

The integrated torque was highest in eccentricatss@and smallest in concentric mode.
Although torque integrals differed significantlyzet majority of anabolic changes were
similar. Thus, training with the same activatiomgraeters in isometric, concentric and
eccentric modes led to equivalent levels of mubsgieertrophy. (Adams et al. 2004.)
The level of muscle injury depends on the mechamécaors, such as peak force, initial
length, length change and lengthening velocityallpeak force has the greatest effect

on the muscle performance. (Warren et al. 1993.)

Adaptation of the nervous systeleural mechanisms have greater role in strength ga
during eccentric exercise compared to other forfractvity. Altogether, eccentric ac-
tions induce structural adaptations in muscle vatgi inflammatory responses and alter

neural commands for movement control. (Enoka 1996.)

Nervous system controls eccentric muscle actiormugh different activation strategies
compared to isometric and concentric actions. Relaxcitability of motoneurons of
muscle, its synergists and contralateral homologouscles may be altered in order to
maximize the activity of high-threshold motor uniks daily life, these motor units are
not active, but they are required for high leveismuscle power. During maximal ec-
centric action, the activation of muscles is reduda a submaximal level, the recruit-
ment order of motor units is altered. If muscles sttmulated during eccentric exercise
by transcranial and peripheral nerves, the sizgoténtials in the muscle are decreased.
In addition, muscles have better ability to refasigue during repeated muscle actions.
(Enoka 1996.)
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Neural activation is limited in lengthening actiomuring maximal eccentric actions,
the voluntary activation level is significantly lewcompared to concentric and isomet-
ric ones. However, all fibre types are active dgrmaximal actions in every action
mode. Thus in the absence of selective recruitmattern of muscle fibre types, the
degree of voluntary activation does not differ begw muscle action modes. (Beltman
et al. 2004a.) These suggestions are contraryedinldings of Nardone et al. (1989)
who stated that the activity of the motor unit earaccording to the muscle action. They
found a considerable number of high-threshold fagth motor units being active only

during lengthening muscle actions.

Submaximal eccentric training induces more neudalpgations than maximal concen-
tric training when measured as surface EMG actiigo, after repeated eccentric ac-
tions fatigue occurred less than after concentréning. Thus, concentric training
causes more fatigue and less strength adaptatiopared with eccentric one. It is un-
clear whether the neural adaptations occur cepntmllperipherally. It has been sug-
gested that neural adaptation would be more pa@phecause magnitude of fatigue is

the same pre- and post-training with both trainimgdes. (Hortobagyi et al. 1996.)

The reduced force production after eccentric eserchay be due to fatigue, death or
electrical inexcitability of some fibres in a whofeuscle, changes in length-tension
curve and reduced excitation-contraction coupliach of these variables has different

recovery time. (Morgan & Allen 1999.)

2.2 Eccentric training

Submaximal eccentric training improves significgntdoth eccentric and isometric
maximal force more than maximal-effort concentrigirting improves concentric and
isometric maximal strength. Eccentric training indst more muscular adaptations and it

may enhance the stiffness of passive elements thareconcentric training, thus im-
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proving more isometric forces. This mechanism calkb partly explain slightly in-

creased concentric force after eccentric trainimg)\dce versa. (Hortobagyi et al. 1996.)

After a concentric training period, eccentric exgccauses more muscle damage and
delayed-onset muscle soreness (DOMS) compareditained state. This is based on a
hypothesis that the variation of sarcomere lengtig the non-uniform areas of cross-
section in myofibrils causes muscle fibres to léegt non-uniformly during the eccen-
tric action. When the weak sarcomeres of myofilerigthen, they will affect the areas
surrounding them. If the length of the weak sara@mrresponds to the plateau of
their length-tension relationship, further overesien changes sarcomere to weaker
and accelerates lengthening. (Whitehead et al..1998

2.2.1 Eccentric exercise modes

Eccentric muscle actions are used in movementshwéking actions in order to control
the motions of the body. Walking and running dovirdme most common examples of
eccentric exercise. (Whitehead et al. 1998.) Thedgoeps muscles control the rate of
knee extension against the gravity and undergocaeengric action in each of the steps
(Proske & Morgan 2001). In addition, eccentric moeats are performed in activities

such as horse-riding and skiing (Whitehead et398).

Eccentric training can also be done with isolategcle groups, such as the quadriceps
or the biceps brachii muscles. When training isalahuscle groups eccentrically, isoki-
netic or other weight machines, and with free wisgtan be used. In eccentric move-
ment, for example lowering dumbbell in the bicepd,csame muscles are active during

lifting and lowering the load. (Fleck & Kraemer 20)@10.)

There are special isokinetic dynamometers whichdasgned for eccentric training
mode, or resistance can be increased for the eacphtise of the movement. The latter
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one is called accentuated eccentric training. Alsonany machines such as leg press,
load can be lifted (concentric) with two limbs aledvered (eccentric) with only one
limb. While training with free weights, assistaraespotters are needed for safety rea-
sons. Especially, when one uses training loads bvepetition maximum (1 RM), spot-
ters help lifting the load or release it. They adssist with lowering the load, if it is too
heavy and would result in injuries due to wrongipos in the trunk during the move-
ment. (Fleck & Kraemer 2004, 40.)

2.2.2 Eccentric training with different subjects

Athletes and body builders use eccentric trainirgghmds in order to increase muscle
strength (Morgan & Allen 1999). Also weight and pwifters benefit from the exer-
cise mode (Fleck & Kraemer 2004, 40). It is suge@dhat older patients with cardio-
pulmonary impairments, such as coronary ischemi@asdiomyopathy, will benefit
from the eccentric training. Compared with condenéixercise bouts at a same sub-
maximal workload, eccentric exercise demands Idveart rate, systolic blood pressure,
and cardiac index and ventilation in young and ioldividuals. Thus, subjects with
lower exercise tolerance are able to do aerobicesistance training. (Vallejo et al.
2006.)
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3 MUSCLE FIBERS

3.1 Structure of muscle fibre

A skeletal muscle consists of numerous muscle gibndnich vary in diameter from 10
to 80 micrometers. Fibres are composed of sevenadlieds of myofibrils (figure 4);
myosin and actin filaments are polymerized prot@iolecules composing the myofi-
brils. Filaments lay adjacent and are responsii¢hfe muscle action. Myosin filaments
are thicker and they are fewer in number compargal tive actin ones. Titin is a fila-
mentous and springy protein holding the filamemtse to each other, thus making the
muscle action possible. Myofibrils have darker #ighter bands due to filaments over-
lapping partially.l bands are light, consisting only actin filamer®s the contraryA
bands compose both myosin filaments and the endstof filaments. (Guyton & Hall
2006, 72-73.)

G-Actin molecules

:

~ Myosin filament

Myosin molecule

Laila. " =
Sarcomere Myafioril Light Heavy
z z meromyosin meromyosin

FIGURE 4.Structure of sarcomere (modified from Guyton & H2006, 68).

Actin filaments are attached Idiscs composed of filamentous proteiigliscs across
myofibrils and attach them to each other in the cleusibre. Two successivg discs

form a sarcomere. During a muscle action greatasefis produced when sarcomere
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length is about 2 micrometers. This is due to catepbverlap of myosin and actin fila-
ments. In this sarcomere length, the tips of afitlaments start to overlap with each
other. (Guyton & Hall 2006, 72-73.)

Myosin filamentA myosin molecule consists of two heavy chains fanu light chains.
Heavy chains are in a double helix form, wrappeadalp with each other. The double
helix part is called the tail of the myosin molezuDne end of each heavy chain forms
the head of the myosin molecule by bending intéolgar polypeptide structure. Two
light chains are also in the head part of each myddyosin head functions also as an
ATPase enzyme, thus affecting the use of energguacle action. Myosin filament is
composed by hundreds of myosin molecules. Myosis fiarm the body of flament by
bundling together. Part of the body and the mybsiad hang in the sides of the myosin
filament composing cross-bridges. During the muscligon cross-bridge interacts with
the actin filaments. (Guyton & Hall 2006, 75-76.)

3.2 Muscle fibre types

Human skeletal muscle consists of slow and fasefippes (figure 5). Type | fibres are
slow-twitch and have high oxidative enzyme activiast-twitch, type Il, fibres have
lower oxidative capabilities and higher glycolyenzyme activity compared to slow
fibres. Fast fibres are divided into two subgroapsording to the enzyme activity. Type
lla have higher oxidative enzyme activity compatedib fibres. Although both type |
and lla are oxidative, slow fibres are more insénsitive than fast oxidative fibres.
(He et al. 2001.)
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FIGURE 5. Photographs of cross-sectionals of thetugalateralis muscle from lean volunteer,

serial sections are stained for fiber type, lipshtent and enzyme activity, respectively (modi-
fied from He et al. 2001).
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Fast-twitch fibres reach peak tension in about 40 when slow-twitch ones reach it in
80-100ms. In addition, type | fibres have longdaxation time compared to type Il
fibres. Differences in conduction velocities areedo motor neurons. Fast fibres are
innervated by fast conducting neurons, which havge diameter and high activation
threshold. Neurons innervating slow fibres are snathus they have also slower con-
duction speed. Activation threshold is however treddy low. Motor units of human
muscle are activated based on the size principlediyneman et al. (1965). Therefore,
the order of recruitment is from type | to type ttatype lib. When the intensity of ex-
ercise increases, recruitment proceeds from tyfeetype Ilb fibres. (Maughan et al.
2005, 10-13.)

Fast fibres are larger and they are able to relesgsdly calcium ions due to extensive
sarcoplasmic reticulum. Calcium ions are needemtder to start the muscle action. Fast
fibres use glycogen as an energy substrate. Theg have larger amounts of glycolytic
enzymes, fewer mitochondria and less blood supmtypared to slow fibres. (Guyton &
Hall 2006, 80-81.) Fast fibres have two primarydivisions called lla and lIb fibres.
Both types exhibit a high capacity for glycolysisdarapid muscle action. Distinction
between the subgroups is due to aerobic capaciti(tie et al. 2001, 163.) Other sub-
divisions of type Il fibers are also possible. Tyfeand llb are referred as fast twitch-
fatigue resistant and fast twitch-fatiguable fibresspectively. (Maughan et al. 2005,
10.)
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On the contrary, slow fibres are smaller in size amervated nerve fibres are also
smaller. Because slow fibres use energy througtabixie metabolism, they have exten-
sive blood vessel system and increased numbertoChandria. In addition, there is a
lot of myoglobin in slow fibres. Myoglobin resembleemoglobin. They both are pro-
teins, containing iron and acting as storage fer akygen. Myoglobin enhances the
delivery of oxygen to mitochondria and also gives ted colour for the slow fibres.
Furthermore, fast fibres lack in myoglobin and ea#led as white muscle fibres. Slow
fibres are adapted for prolonged, endurance-likesateuactivity, when fast fibres are
adapted for rapid force production, such as jumpiGgyton & Hall 2006, 80-81.)

Contrary to other species, human skeletal musces heterogeneous fibre composi-
tion. For example, the m. vastus lateralis consistype I, lla and IIb fibres, 40 %, 50

% and 10 % respectively. (He et al. 2001.) The pridgns of fibres determine whether
the muscle reacts and produces force rapidly awlgloThe amount of slow and fast

fibres is largely an inherited property. By traigjrone can alter distribution only a little,

if at all. (Guyton & Hall 2006, 1061.) Most of tlieaining adaptations take place in the
metabolic capabilities of the muscle, independeanftlyhe fibre types (Maughan et al.

2005, 10).

There are gender-related differences in the whalsadhe function. But single muscle
fibres are similar in older males and females bseaingle muscle fibre specific force
or power does not differ between sexes. Therefggrder-related differences in whole
muscle strength and power are not due to conteael@ments. (Krivickas et al. 2006.)

Myosin.Myosin is a contractile protein in muscle fibréss related to ATPase activity
and shortening velocity, thus being one factor reit@ng contractile properties of
muscle. Myosin is formed from two heavy chains (MH@d two pairs of light chains
(MLC). These six subunits have multiple variatiasgibilities due to different isoforms
of MHC and MLC subunits. (Bottinelli et al. 1991.)
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From rodents, MHC isoforms 1, 2A, 2B and 2X caridaend (Bottinelli et al. 1991). On
the contrary, human muscles contain only isoforprigAland 2X (figure 6) (Linari et al.
2004). MHC type 1 is slow and types 2A, 2B and 2¥ fast, fibres containing MHC
type 2B being the fastest ones. The maximum vegladishortening in isoforms 2A and
2X is similar. However, the maximal shortening ii@es overlap among fast fibres.
Muscle fibre can contain a mixture of differentfmmons of MHC. The maximal power
output is lower in slow fibres compared to fast sanast fibre types 2B and 2X have
highest maximal power output. In addition, slowdib exhibit less force per unit cross-
sectional area than fast fibres. But cross-sedtiaresa is not related to fibre type. (Bot-
tinelli et al. 1991.)

MHC-2X —
MHC-2A —

MHC-1 —

FIGURE 6.MHC isoforms from human muscle biopsy samples (firedlifrom Linari et al.
2004).

During isometric and active shortening actions reudibre types produce different
amounts of force and stiffness. In a lengtheningpacthere is no difference in maxi-
mum power output and maximal velocity between filypees. Fast fibres produce 47-76
% higher isometric tension compared to slow fibiiggs might be due to a higher num-
ber of interacting myosin heads in fast fibres. Whmaximally activated fibres
lengthen, they increase steady force and stiffnEesce in slow fibres increases by
120% and stiffness by 65%. In fast fibres, forcd atiffness are increased by 40% and

20%, respectively. (Linari et al. 2004.)
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During lengthening both fibre types produce simdanounts of force and stiffness. In
addition, stretch increases force twice as muclhasstiffness. MHC isoform deter-

mines the isometric force produced by activatedefitbsoform modulates the force per
each myosin head and proportion of strong bountefgenerating heads. MHC isoform
provide also resistance to stretch to the fibrenddoare equally strong independently of

the myosin head, which are able to interact witina¢Linari et al. 2004.)

Slow fibres work more economically than fast fibnessometric and concentric muscle
actions. During the isometric tension, both fibypes produce almost similar tension
but slow fibres use seven times less ATP thandass. In the concentric actions, ATP
consumption is increased in direct relation to Wedcity of shortening. Slow fibres

produce about six times less maximal power outputgared to fast fibres. Slow fibres
are however more efficient in transforming chemieakrgy into mechanical power.
(Reggiani et al. 1997.)

3.3 Adaptation of muscle fibres

Training. Resistance training increases the amount of attilegroteins of muscle fi-
bres, thus leading to increased muscle size aedgttr. The mechanisms responsible
for increased RNA synthesis and following proteymtiesis are not entirely under-
stood. (Evans 1992.) Heavy-load resistance traimdgces changes in fibre type com-
position. The number of type llb fibres is decreqsehile the number of lla fibres is
increased. After resistance training, the average « type Il fibers is larger compared
with the size of type | fibres when there is ndeaténce in pre-training values. No hy-

pertrophy is usually observed in the type | fib@sdersen & Aagaard 2000.)

Training increases contractile activity in the gtal muscle and induces changes in the
relative distribution of MHC isoforms. Heavy-loaésistance training results in down-

regulation of MHC 11X content and correspondingvaliion of MHC IIA content. No
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changes are observed on MCH |, however, a periattwaining reverses the effect and
causes overshoot of MHC IIX. Thus, after detrainthg MHC IIX content can be
higher than at the pre-training phase. Also, enttedraining seems to decrease the
amount of MHC IIX in favour of MHC IIA. (Andersen &agaard 2000.)

Obesity.A relationship exists between muscle fibre typd abesity. Compared to their
lean counterparts, obese subjects have reducednpage of type | and elevated per-
centage of Ilb muscle fibres. (Tanner et al. 20@ayticularly, android obesity is
strongly linked with the amount of Ilb fibres (Lidja et al. 1987). It is not known how-
ever, whether the lower amount of slow muscle 8hegethe cause or the effect of obe-
sity. Altogether, high percentage of type | mudibee tends to increase the amount of

weight loss during a weight loss intervention. (fianet al. 2002.)

Weight loss increases the oxidative capacity ohewnascle fibre type. In addition, cap-
illary density in the muscle and capillary/fibreicais elevated. Enhancement of oxida-
tive capacity may be explained by relative hypoiim&mia, hyperglucagonemia and
elevated nonesterified fatty acids apparent dugipgolonged weight loss period. How-
ever, weight loss does not necessarily induce adsigthe muscle fibre type distribu-
tion. (Kern et al. 1999.)

Obesity and type 2 diabetes mellit@besity and type 2 diabetes seem to have similar
effect on the muscle fibre type distribution. Gasgteal. (2001) found obese diabetic and
obese non-diabetic subjects to have a lower fraatiooxidative slow-twitch fibres in
skeletal muscles compared to lean, young contiidiere was no difference between
obese and diabetic subjects. In addition, diabét@s® reduced glucose transporter pro-
tein 4 (GLUT4) density in slow muscle fibres congzhto obese and lean counterparts.
Decreased expression of GLUT4 could partly expladuced insulin-stimulated glu-

cose uptake, leading to insulin resistance in deshdGaster et al. 2001.)
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GLUT1 and GLUT4 are the isoforms, which mediatecghe transport in human skele-
tal muscles (Kern et al. 1990). GLUT4 is suggestedetermine the responsiveness and
sensitivity of glucose uptake in insulin-sensifvidell systems. GLUT4 mediated glu-
cose uptake is stimulated either insulin or musaigon in human skeletal muscle.
(Gaster et al. 2000.)

Muscle fibre type is dependent on the total amalirGLUT4 glucose transporter pro-
tein. Expression of GLUT4 is higher in slow fibresmpared to fast ones. Differences
in GLUT4 expression could explain, at least pattiyg insulin responsiveness variation
between fibre types. (Kern et al. 1990.) Expres$gwel is higher in slow fibres com-
pared to fast fibres in subjects with reduced gbecmlerance. Physical inactivity seems
to be related to reduced insulin sensitivity andJ&U4 levels, and lower fraction of type
Il fibres. In addition, GLUT4 expression is redudadast fibres with aging. (Gaster et
al. 2000.)

Metabolic capacity of fibre types may be affectgdobesity and type 2 diabetes. Obese
and diabetic subjects have lower oxidative enzyntwity than their lean counterparts.
Reduction is apparent in each of the fibre typescating the basis of decreased oxida-
tive enzyme activity in obesity and diabetes. Hogaredifferences in glycolytic enzyme
activity and fibre type distribution (figure 7) hawot been detected. (He et al. 2001.)
On the contrary, Oberbach et al. (2006) found @¥mkabetic patients to have increased
glycolytic capacity and decreased oxidative cagadftoreover, diabetics had reduced
fraction of slow fibres and elevated proportionfa$t glycolytic fibres (figure 8). In
addition, intramyocyte content of triglyceride inustle fibres’ is elevated in obesity
and obesity-related diabetes (He et al. 2001).
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FIGURE 7.Skeletal muscle fiber distribution is not statiatig significantly different between
type 2 diabetics and healthy controls in femalesraales (modified from He et al. 2001).
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FIGURE 8. Differences in skeletal muscle fiber distributioatlween healthy volunteers and
type 2 diabetics, groups include females and males. 0,05 (modified from Oberbach et al.

2006).

Muscle fibre characteristics may influence on teeelopment of glucose tolerance. The
study of Larsson et al. (1999) indicated that pestopausal women with impaired glu-
cose tolerance (IGT) had larger type lla and lIxsole fibres. In addition, the degree of

capillarization of type |1 fibers affected glucosderance. However, muscle fibre com-

position was not proven to determine developmendt. Lillioja et al. (1987) found

that capillary density of skeletal muscle and fiatd of muscle fibre types are related to

insulin action, in vivo. This could be explained Ipchemical changes in cellular oxi-

dative capacity or limitation of insulin diffusiomhen capillaries are widely spaced.
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Immobilization and agingimmobilization and aging induce similar changesskeletal
muscles, muscle atrophy. The rate of protein breakdexceeds the rate of synthesis
leading to loss of contractile protein content frtdme muscle cells. Muscle atrophy is
seen in reduced muscle fibre size. The fixed lemgtmuscle influences on the rate of
atrophy, which is slower in muscles that are fix@dgreater than resting length com-
pared to muscle in shortened position. Due to redyrotein content, cross-sectional
area of fibres decreases causing strength losssioluite and relative values (figure 9).
In addition to strength loss, functional capacitsulin sensitivity, bone density and
energy requirements are age-relatively decreaseeletdl muscle maintains however
the ability to respond to strengthening exercisth wicreased strength and muscle size.
(Evans 1992.)

Both quantitative properties, such as loss of nausthss, and qualitative mechanism of
muscle, i.e. capacity of muscle fibre to producedo are influenced by aging. Loss of
force of single muscle fibre is higher than decliieross-sectional area in elderly com-
pared to young people. Lowered force productionhinie due to decreased number of
strongly bound acto-myosin interactions during madi activation or such an interac-
tion produces less force. The maximal shorteningoity of type | and type lla fibres is
lower in elderly subjects compared to younger oBasne kind of trend is also observed
with type llab, containing MHC isoforms 2A and 2ahd llb fibres that contain only
MHC 2X. Thus, aging might influence on both fastl ahow fibres. Especially, immobi-
lisation enhances the effect of aging. (D’Antonale003.)
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FIGURE 9.(A) Cross-sectional area, and (B) specific forcethed single muscle fiber from
young (YO), elderly (EL) and immobilized elderlyl(EHMM) (modified from D’Antona et al.
2003).

Muscle characteristics are altered due to aging. drbss-sectional area of fast type Il
fibers decreases progressively, but the area @& tyfibres remains almost the same.
Alterations may start already at 30 years of agéholigh the relative areas of type |
and Ilb changed, the percentage of different fiblteas no age-related alterations. (Kor-
honen et al. 2006.)

The synthesis rate of skeletal muscle myosin hetwayn (MHC) declines in aging but
sarcoplasmic proteins are observed to maintairr taithesis rate (Balagopal et al.
1997). Composition of slow MHC is elevated, andpamdion of fast MHC IIx and
shortening velocity of muscle cells are decreaséathionen et al. 2006). The rate of
MHC synthesis is related to muscle mass and to lesseength per unit muscle mass.
In addition, age has effect on muscle strengthpaddently of muscle mass. On the
contrary, synthesis rates of mixed muscle protathsarcoplasmic protein demonstrates
to have no correlations with the muscle strengtuels of IGF-1, dehydroepianroster-
one (DHEAS) and testosterone (in males) in cireofahave anabolic effect on muscle
and also they affect MHC synthesis. (Balagopall.e1297.) Age-related loss of abso-

lute maximal force is largely due to loss of coatila tissue (Korhonen et al. 2006).
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Reduced MHC synthesis declines ability of skelptakcle to remodel and maintain the
quality and quantity of MHC. Decline in the quality observed as reduced muscle
strength per unit muscle mass. Probably, MHC syheas direct effect on the muscle
mass. Thus, it could be a part of sarcopenia mesimanof aging. Other factors leading
to sarcopenia are vascular and neuronal factodsretuced synthesis of other proteins.
(Balagopal et al. 1997.)

There might be gender-related differences in tharpaters regulating sarcopenia. In
females, the relation between muscle strength gnthasis rate of MHC is stronger
than with males. On the contrary, in males the lvorah levels and MHC had stronger

relation. (Balagopal et al. 1997.)

Transcript levels of MHC decrease in aging. Esplgcianscript levels of MHClla and
MHCIIx are reduced significantly in messenger RNFais could explain the lower
number of fast-twitch muscle fibres in elderly. Sbaesults are contrary to a hypothesis
that suggests MHC synthesis rate to be diminishedpasttranscriptional phase.
(Balagopal et al 2001.) In a rat study, reducedgmmosynthesis was mainly due to de-

creased protein translation (Haddad & Adams 2006).

Age-related decline in protein synthesis might desed by a DNA damage or defects at
the transcriptional level. In the study of Balaglogaal. (2001), resistance training pro-
gram increased muscle strength and MHC synthet®isThe changes occurred however
at transcript level of MHCI in middle-aged and aldabjects, thus partly explaining the

relatively high number of type | fibres in eldedybjects.

There is a linear relationship between loss of igeforce and myosin concentration.
Young people have higher amounts of myosin in glsimuscle fibre compared to eld-
erly. Immobilisation is observed to increase thacamtration of very fast myosin iso-

form 2X. During immobilisation in elderly, atrophigfluences mostly on the slow mus-
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cle fibres. In aging, variables such as immobiisagtpartial denervation, exercise hab-
its, physiological and pathological conditions effen muscle phenotypes. (D’Antona
et al. 2003.)

4 ENERGY EXPENDITURE

Carbohydrates, fats and proteins provide substfateshemical reactions catalyzed by

enzymes and cofactors. Substrates can be obtam@ddiet or from endogenous stores
in the body. Substrates are converted to adentgoi®sphate (ATP), chemical energy

that body can use, through different pathways deoto maintain cells ATP concentra-

tion. (Coyle 2000.) Energy is freed when phosphatads in the ATP are broken (figure

10), and inorganic phosphate)(B liberated. From each degraded mole of ATP,-mus
cles can perform up to 24 kJ of work. (Maughan .e2@05, 56-58.)

Inorganic phosphate (P)

FIGURE 10.Hydrolysis of ATP (modified from Maughan et al. 20%7.)

The utilization of energy substrates is integraded affected by substrate availability,
exercise intensity and time. Decrease in the atilin of one energy substrate leads to

compensatory increase in the use of another ersengyly. Energy can be formed from
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four different pathways. Two fastest ways to geteeemergy are the enzymatic break-
down of ATP to adenosine diphosphate (ADP) ap&id the enzymatic breakdown of
phosphocreatine (PCr) to creatine and phosphaty dte also referred as the phospha-

gen (alactic) system. (Maughan et al. 2005, 54-58.)

Anaerobic synthesis of ATP is called glycolysiscaknown as the glycolytic system.
Reaction series begin from dissolving either glecos glycogen in the cell cytoplasm.
Aerobic pathway takes place in the cell mitochamdn the tricarboxylic acid (TCA)
cycle. Metabolic rate is influenced by exerciseivsity which leads to training adapta-
tions of the cell. Alterations on the balance b&mwerotein synthesis and degradation
result in adaptations. (Coyle 2000.)

4.1 Factors affecting substrate utilization

4.1.1 Exercise mode, intensity and duration

Skeletal muscle acts in isometric, eccentric anttentric ways. Metabolic cost of iso-
metric work is lower compared with dynamic musctgians. Muscle is continually

active during isometric action, and it needs altalt of the energy required in shorten-
ing actions. On the contrary in movements, suckBpasiting, muscle is active only a
short time period. In dynamic muscle actions, theralso a possibility for some recov-

ery during the movement. (Newham et al. 1995.)

In animal studies, differential coactivation or m@tment in voluntary actions does not
affect significantly the energy cost of movementaiving different muscle action

types. Intrinsic property of the muscle determitiesenergy cost in action modes. Dur-
ing lengthening actions the energy cost per umiedime integral is the lowest. In ad-
dition, the metabolic cost of lengthening actionsmnaximally stimulated (rat) muscles

does not significantly differ from isometric andostening ones. This might be due to
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relatively low velocity of the muscle actions aradde variation of high-energy phos-
phate consumption values. Decline in PCr/Cr raisignificantly smaller after length-
ening actions compared to after shortening onedtr{fan et al. 2004b.) In human stud-
ies however, oxidative metabolic response to méialstrain is similar in concentric
and eccentric muscle actions in skeletal musclerdfbre, the ATP synthesis rate is

determined by metabolic strain, not muscle acti@embs et al. 1999.)

Altogether, dynamic muscle actions induce morgytegithan isometric ones. Fatigue is
observed as a loss of force and higher energy neagents. If isometric actions are in-
termittent imitating dynamic actions, the metabalst and pattern of fatigue are simi-
lar with dynamic movements. This is explained bgoabination of two factors. Pro-
longed muscle activation and repeated external wockease the metabolic cost.
(Newham et al. 1995.)

An uptake and oxidation of long-chain fatty acidskeletal muscle are increased at the
onset of exercise. Prolonged exercise for sevevalshenhances lipid utilization for
energy. Exercise intensity plays a major role iteduining the energy fuel selection.
With increasing intensity, also use of carbohydydte fuel is increased at the expense
of fat oxidation. Endurance training results in @mted lipid utilization. Although the
uptake and oxidation of fatty acids are well ddsexliin several studies, the regulatory

mechanisms behind phenomena are not fully knowiend2006.)

Traditionally, endurance training (ET) is emphadiaad recommended for treating the
metabolic syndrome or type 2 diabetes. Strengthitig (ST) is proven to be as good,
or even better, exercise mode compared with ETing¥oves significantly long-term

glycemic control, seen as decreased glycosylatetbb®bin, and insulin resistance on
type 2 diabetics. In addition, strength traininguetes body composition positively: the
amount of muscle mass increases and fat mass desreghus, muscle tissue plays a

major role in insulin resistance and type 2 diake@hanges in body composition are
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strongly associated with alterations in blood liprbfile. After a ST intervention, total
cholesterol, low-density lipoprotein cholesterotaerum triglycerides are reduced and
high-density lipoprotein cholesterol is increasgdfects of ET on the metabolic pa-
rameters, such as glycosylated hemoglobin andimsesistance, and lipid profile are

only moderate. (Cauza et al. 2005.)

Eccentric exerciseKinetics of VG differs between exercise modes due to variations i
muscle recruitment patterns. For example, runnimg) @/cling have different propor-

tions of eccentric and concentric muscle activatiocentric action has lower physio-
logical cost compared to concentric muscle actinraddition, fewer muscle fibres are
recruited in eccentric cycling compared to conagergxercise performed at the same

work rate. (Perrey et al. 2001.)

Eccentric exercise alters signaling-transporter maeisms in the muscle and reduces
insulin-mediated whole body glucose disposal. lteolsubjects, reduced CHO oxida-
tion and increased lipid oxidation have been obleiduring hyperglycemia. Substrate
metabolism after eccentric exercise varies in i@lavith age. In normal compensation
after exercise-induced muscle damage, CHO oxidagiomaintained and lipid oxidation
diminished during hyperglycemia. However, in oldeibjects oxidation of glucose is
depressed and lipid oxidation elevated (figure dfigr eccentric exercise. (Krishnan et
al. 2003.)

L, RER

¢

-

FIGURE 11.Age-related differences in substrate oxidationgd®, carbohydrate oxidation;
Lox lipid oxidation) after eccentric exercise, * exsecsignificantly different from control, p<
0,05 (modified from Krishnan et al. 2003).
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Muscle fibre characteristics influence on lipid @edion. Individuals with high number
of type | fibres have more active lipid oxidationrest and during submaximal exercise.
Especially at basal state, the difference in lgxitation is significant between subjects
with high type | contribution compared with subgeetith low number of type | fibres.
Tendency decreases at submaximal exercise butstillisapparent. (Turpeinen et al.
2006.)

Eccentric exercise increases glycogenolysis leatbnggduced mean resting glycogen
content, especially in the type Il muscle fibre$scd maximal concentric exercise ca-
pacity is decreased. Resting glycogen level seerbge taffected more type | fibres after
concentric exercise. After prior eccentric exercisaiscle works at higher relative
workload during concentric exercise. Therefore, utibzation of muscle glycogen in-

creases and endurance performance is decreas@det(Ak 1998.)

After eccentric exercise to unaccustomed musclalevhody and muscle glucose up-
take are impaired during maximum insulin stimulatfor two days. However, no effect
has been seen at submaximal insulin concentratidns.might be due to activation of
glycogen synthase, which is impaired only at thensaximal insulin concentration after
eccentric exercise. In addition, GLUT4 protein agigcogen contents are decreased.
GLUT4 protein content is not the only factor detgrimg muscle glucose uptake at

maximal insulin stimulation. (Asp et al. 1996.)

In a fast-twitch muscle, insulin action on skeletalscle glucose transport is impaired
prior to eccentric actions. In a mice study, de@enof insulin action was most pro-
nounced in the white quadriceps muscle. Suppressiansulin action was less in the
red quadriceps muscle but in the soleus muscleuppression was detected. Whole
body insulin resistance seems to be caused by togstle effects, at least partly. Mus-

cle glucose uptake, induced by insulin, is dependéthe GLUT-4 protein content of
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the muscle. After eccentric exercise, the muscletesd of GLUT-4 and insulin-
mediated glucose transport is decreased, and gincdggradation is increased. (Asp &
Richter 1996.)

Decrement of the GLUT-4 protein content is foundaldy, in the eccentrically exer-
cised muscle, and it coincides with low muscle gtyen concentrations. In the study of
Asp et al. (1995), low muscle glycogen concentretiduring few subsequent days after
eccentric exercise could not be explained by irsgdaaumber of inflammatory cells. It
is possible, that the concentration of GLUT-4 iefliges on the capacity to synthesize
glycogen. Plasma membrane damage caused by ecaexdrcise may also be involved
in the development of insulin resistance after pttée exercise. Insertion of GLUT-4
into the plasma membrane is more difficult due ®mbrane damages leading to faster
degradation or defective translocation of GLUT-heTGLUT-4 concentration and

muscle glycogen stores are restored within fousadter eccentric exercise.

4.1.2 Hormones and exercise

Energy substrate contribution is affected by horesoduring exercise. Interaction be-
tween insulin, catecholamines and glucagon hasgtbatest effect on the substrate
availability and usage. Increased blood glucoseeoination stimulates the insulin se-
cretion, when exercise usually reduces it. Insphomotes synthesis of lipid, glycogen
and protein by inhibiting lipolysis and stimulatitige uptake of glucose from the blood
by tissues and cellular uptake of amino acidslsth anhibits release of glucose from the
liver and release of FFA from the adipose tissuac&jon is a counter actor for insulin
by increasing the rate of glycogen breakdown amdagieogenesis in the liver. Gluca-
gon secretion is stimulated by a drop in blood gdacconcentration. (Maughan et al.
2005, 136.)
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Catecholamines adrenaline and noradrenaline dffecheart rate and contractility, and
alter blood vessel diameters. Adrenaline impactsento the substrate availability than
noradrenaline by promoting lipolysis in the adipt¢ssue, and glycogenolysis in the
muscle and liver. Adrenaline elevates FFA availghih the plasma and inhibits insulin
secretion. Hypotension, hypoglycaemia and exereigeen the intensity is over 50%
VO.max activate secretion of catecholamines to the bjgadma. (Maughan et al. 2005,
137.)

In addition, cortisol and growth hormone have mimopact on substrate availability.

Growth hormone stimulates the mobilization of FFAm the adipose tissue. Exercise
intensity influences on the growth hormone secretf@ortisol promotes protein degra-
dation, amino acid release from the muscle, glucgeeesis in the liver, and the effect
of the catecholamines. Prolonged strenuous exeetesetes the release of cortisol.
Cortisol release is stimulated by the secretiomdrenocorticotrophic hormone. Cyto-
kines are protein messenger molecules acting hartik@ manner. During prolonged

exercise cytokines, such as interleukin-6 (IL-6f eeleased by active muscles when
muscle glycogen stores start to diminish. IL-6 siimtes liver glycogen breakdown and

lipolysis in the adipose tissue. (Maughan et a52a.37-138.)

4.1.3 Nutrition

Intensity and duration of the training session larnnfluenced by a diet. High-intensity
training requires adequate dietary CHO in ordemi@intain muscle glycogen stores.
Glycogen availability is not often a limiting facton middle distance events, but it is
important during intensive training phases. AdegquaHO intake, immediately after
exercise, ensures fulfilled muscle and liver gly@ogtores before next training session.
Before extreme prolonged exercise, the glycogerestof body should be filled by re-
ducing training volume and increasing CHO intakén@ exercise lasts over 1h, endur-

ance capacity can be improved by carbohydrate fimgeduring exercise. This delays
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the fatigue development by slowing the rate ofrliglycogen depletion and maintaining
the blood glucose concentration. (Maughan et @52010; 140-143.)

Consuming fat does not influence on the substnaédadility significantly. Concentra-
tion of long-chain fatty acids (LCFA) in plasmahigh, when pre-exercise diet has high
fat content and time from last meal is long. AdetiCFA concentration is initially de-
creased during exercise, which is followed by avsiacrease. Depressed concentration
may be a result of slow mobilization of fatty acfdem adipose tissue and rapidly in-
creased utilization of LCFA in skeletal muscles.iefi6 2006.) Direct infusion of
triaglycerol into circulation increases fat oxidetiwhen plasma fatty acid concentration
is low. However, ingestion of medium-chain or locigain triacylglyserols during exer-

cise has only limited effect on substrate metabali@orowitz & Klein 2000.)

4.1.4 Obesity and type 2 diabetes mellitus

Obese, type 2 diabetics have about 7% higher 2dehgg expenditure (EE) compared
to obese, nondiabetic individuals, when it is adjdgo fat free mass, fat mass, sponta-
neous physical activity, sex and age. Also durimg development of type 2 diabetes,
rest EE may be increased. This could partly betdwdevated blood glucose by hepatic
glucose production. Increased lipid oxidation magvple energy for the glucose pro-
duction. This leads to elevated levels of plasmAdwhich is associated with mecha-

nisms increasing rest EE. (Bitz et al. 2004.)

These mechanisms could be impaired insulin-mediatggbression of hepatic glucose
production and glucose uptake by muscles. Syntles\d DL may also be increased
and mitochondrial uncoupling proteins stimulatedthdugh diabetic individuals have
higher EE, they are more resistant to lose weightveight management programs. This

suggests that appetite regulation is effected nbyr@ther pathophysiological abnor-



37

malities. In addition, hormones and sympathetiocvoigs system (SNS) activity modu-
late the EE. (Bitz et al. 2004.)

Amount of muscle lipid may have some regulatorycpsses with enzymatic capacity
for substrate utilization. In lean subjects, raifomuscle triglycerides to oxidative en-
zyme activity seems to be consistent in all filyges. Differences on oxidative enzyme
activity and lipid content are apparent in eachefitype when parameters are considered
independently (figure 12). In obesity and diabeie®raction between muscle lipid and
enzymatic capacity appears to be unbalanced. Mlipotestores are much greater in
relation to oxidative capacity. Imbalanced intei@ttis unrelated to muscle fibre type.
The exact mechanism for the disturbed balanceksawn. (He et al. 2001.)
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FIGURE 12.Differences on the skeletal muscle (A) oxidativel §B) glycolytic enzyme activ-
ity, and (C) skeletal muscle lipid content in thfdee types between lean, obese and diabetic
subjects, ** p< 0,01, * p< 0,05 (modified from Heat. 2001).

Impaired lipid utilization in obesity or type 2 thetes may be explained by several
mechanisms. Different muscle characteristics mdnaeoe fat storage at the expense of
fat oxidation in obese, insulin-resistant or typéi&etic muscle. Characteristics, affect-
ing the fat utilization alone or combined with dmet factor, include fatty acid transport

capacity, potential fof-oxidation, oxidation capacity, fibre type pattedegree of

capillarization and tissue blood flow. Reducedyfaitid uptake and oxidation could be
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partly due to diminished catecholamine-mediatealyigis. Thus, the efficiency of
plasma fatty acid uptake is depressed during pustrative conditions andg-
adrenergic stimulation in abdominally obese andselzkabetic subjects. (Blaak 2005.)

Reduced lipid oxidation is most prominent in vetyese subjects (BMI> 35 kgfin
especially with abdominal fat distribution. Dimihed fatty acid utilization is also ob-
served in obese, type 2 diabetics. Abnormal fatabwism promotes fat storage in
muscle and liver, thus enhancing development aflimgesistance and type 2 diabetes.
Reduced fat oxidative capacity is suggested tonbeaaly factor for the development of

insulin resistance and type 2 diabetes. (Blaak 3005

In the development of insulin resistance, the aadation of lipid in skeletal muscle

and also in tissues has a major role. Bruce €2@03) found a strong relation between
insulin sensitivity and oxidative enzyme capachgsociation was independent of age
and training status. In addition, whole-body maxiaerobic power may predict insulin

sensitivity. Elevated intramuscular triglyceridentent is related with insulin resistance
in sedentary individuals (Goodpaster & Wolf 2004hich may lead to obesity related
type 2 diabetes. However, lipid pool in muscleseduced after diet-induced weight
loss. Amount of decreased muscle triglycerideyssesnatically related with the magni-

tude of reduced fat mass. (Goodpaster et al. 2000.)

Type 2 diabetes mellitu$ype 2 diabetics are insulin resistant and majaritthem are
also obese. In insulin resistance, tissues arel@rtabincrease glucose uptake in re-
sponse to insulin. In normal conditions, most @& thsulin-mediated glucose disposal
takes place in skeletal muscles. Healthy muscldéigautipid or carbohydrate as fuels,
and transit effectively between two substrates @liog to exercise stimulus and energy
demands. It is possible that insulin resistancersalalso muscles ability to transit be-

tween different energy pathways. (Goodpaster & VEOD4.)
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Permeability-surface area product for glucose asdlin in muscle describes their ca-
pacity to reach interstitial fluid. It is dependefdmolecular size of insulin and glucose,
and capillary surface area, and it is determineddpyllary recruitment. In diabetics, the
permeability-surface is subnormal during steadjestasulin clamp conditions, thus
affecting the glucose and insulin metabolism. Dgiinsulin infusion, reduced muscle
capillary recruitment and low permeability-surfadoe glucose are apparent in type 2
diabetics. (Gudbjornsdattir et al. 2005.)

Skeletal muscles of diabetics have elevated glymobnd reduced oxidative capacity.
Alterations are due to changes in fibre compositon fibre-specific metabolism. In

addition, contractility of skeletal muscles is dmshed by chronic hyperglycemia and
insulin resistance. Oxidative and glycolytic enzyoagpacities are increased parallel in
muscle fibres in diabetes. (Oberbach et al. 2006.)

Contradictory results have also been obtainedhérnstudy by He et al. (2001) diabetics
had decreased oxidative enzyme capacity and glycognzyme capacity was un-
changed. Differences in fibre classification andrelsteristics of diabetics, such as age,
antidiabetic treatment, and duration of diabetes)d explain controversial results. Re-
duced oxidative enzyme activity in type 2 diabetaght be explained by imbalance
between muscle lipid content and enzymatic capdatysubstrate oxidation. Incre-
ments in enzyme activity may be a compensatory ar@sh to insulin resistance or
unbalanced glucose metabolism. (Oberbach et ab.2@rheuermann-Freestone et al.
(2003) observed type 2 diabetic subjects to hayeairad high-energy phosphate me-
tabolism in cardiac and skeletal muscle. Howeviahetics seemed to have normal car-
diac morphology and function. In addition, diabgtltad faster loss of PCr in skeletal

muscle, pH decline and deoxygenation.

Obesity.Carbohydrate and lipid metabolism are affectedH®y skeletal muscle mass

during rest and exercise state. Disturbance in lausetabolism may enhance the de-
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velopment of obesity, or vice versa. If the oxidatmetabolism of muscle is impaired,
body's energy stores start to accumulate leadinglesity. Sedentary lifestyle is
strongly linked with obesity. Low physical activitiminishes energy expenditure and
changes muscle metabolism by reducing muscle mmagsgle capillary density, sub-

strate delivery and muscle oxidative capacity. 8RI2005.)

Abdominal adiposity is associated with changesuibstgrate metabolism. Increased fat
store in abdominal area elevates lipid availab#ity oxidation, thus suppressing utili-
zation of carbohydrates. (Krishnan et al. 2003.¢r€&fore, concentrations of total and
subfractions of long-chain fatty acyl-CoAs are l@gim obese and overweight subjects
compared to normal-weight counterparts. Hulver le{2003) also observed reduced
fatty acid oxidation in extremely obese subjectadirately obese subjects’ fatty acid
oxidation did not differ from lean controls. Impadr fatty acid oxidation in extremely
obese individuals may result from up-regulatedctdiglycerol (TG) synthesis and
down-regulated TG hydrolysis.

Prior significant obesity seems to have effect lo@ $ubstrate utilization even after a
massive weight loss. After the weight loss previpusorbidly obese women still use

more carbohydrates and less fat as energy fuel amdpo their weight-matched con-
trols during submaximal exercise. This occurs eaevery low exercise intensities. On
the other hand, it also might be a part of thearaxposing individuals for significant

obesity. (Guesbeck et al. 2001.)

Insulin resistance reduces the proportion of eger@nergy expenditure derived from
nonplasma glucose, such as muscle glycogen. Bitzaln (@004) observed that obese or
overweight, insulin-resistant subjects utilize lessmplasma glucose compared to their
weight-matched, insulin-sensitive counterparts. Ewesv, insulin resistance does not
influence on blood glucose uptake during exerdiseation of fat store impacts on the

metabolism. Visceral adiposity is linked with insutesistance, thus affecting substrate
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utilization. Whether the effect is direct (regubatiof glycogenolytic and lipolytic path-

ways) or indirect (altered nutrient storage), ih@d known.

Relationship between obesity and insulin resistascrong, although the exact etiol-
ogy is unknown. Constant hyperinsulinemia leadsingulin resistance which may
down-regulate insulin-stimulated pathways in tissuBlaak 2005.) Lifestyle plays an
important role in glucose tolerance. Inactivity aplgesity increase insulin resistance.
Weight reduction improves insulin sensitivity sudgtally in individuals with impaired
glucose tolerance. Degree of weight loss deterntimeslegree of improvement in insu-
lin sensitivity. In addition, weight reduction malightly influence on insulin secretion.
Thus, moderate weight loss and healthy lifestydsslilt in improved insulin sensitivity,
and postponed or inhibited development of diabeteliitus. (Uusitalo et al. 2003.)

4.1.5 Other factors

During isometric maximal voluntary muscle actiomghier mean and peak glycolytic
rates have been observed in males compared to dsmnidigher glycolytic rates also
result in lower pH-values in males. (Russ et alD22p In the course of aging, basal
metabolic rate reduces and amount of body fat as@e. The increment of body fat is
normal consequence of the absence of strenuouscphgstivity in daily life. (Krish-
nan et al. 2003.) Aging is often associated wilack of physical activity or even im-
mobilization, but their effects on the energy prctin are also independent. Immobili-
zation decreases capacity for fatty acid, glucos @yruvate utilization. In addition,

glucose tolerance may rapidly be decreased. (E1292.)

Age-related reduction in the basal metabolic ratelue to decline in lipid oxidation.
Carbohydrate metabolism remains normal in eld€Kyishnan et al. 2003.) Also con-
tradictory results have been obtained. Hunter .e(28102) found oxidative and glyco-
lytic capacity to decrease in aging. But by ex@rdmining, the metabolic capacity of
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the skeletal muscles can be improved, or maintaaiddvels allowing high quality of
life. It seems that aging might not influence umifidly on the mitochondrial capacity of
the skeletal muscles. The study of Houmard et1898) showed that in the gastrocne-
mius citrate synthase activity, influencing on €A cycle, decreases with aging, but

corresponding alterations were not monitored invidstus lateralis muscle.

4.2 Methods for measuring energy expenditure and &strate utiliza-
tion

Daily energy expenditure (EE) consists of basalaimalic rate (BMR), energy con-

sumed in physical activity and thermogenesis indumnenutrition, drugs and stress fac-
tors. BMR is the minimum amount of energy that sedi when individual is awake.

(Klausen et al. 1997.) BMR takes about 60% of thergy expenditure, and maintains
for example cardiopulmonary activity. Feeding irmses EE due to digestion, transport
and deposition of nutrients. (Leibel et al. 199859dy composition and age affect the
energy expenditure. Age-related decline in EE cawsum of factors such as more sed-
entary lifestyle, changes in FFM composition andhermogenic hormones, or down-
regulation of metabolism in mitochondria. If energypenditure is adjusted to body

composition, gender related differences are noagdvdetected. (Klausen et al. 1997.)

Energy expenditure can be measured by direct adideot calorimetry. Direct calo-
rimetry is based on the heat production of the batdsest and during exercise detected
by an insulated calorimeter. The technique has miged practical applications due to
its high requirements on time, expense and engmgexpertise. Direct calorimetry has
been used for the validation of indirect methocArdle et al. 2001, 175-176.)

Indirect calorimetry.Indirect calorimetry is based on the measureménthmle body
oxygen (VQ) consumption and production of carbon dioxide (MLCQ\t the tissue

level, respiratory quotient (RQ) refers to the gugrof CO, production in relation to ©
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consumption. In the lungs, this gas exchange igpmoximate measure called respira-
tory exchange ratio (RER). Therefore, RER is irctimmeasurement of RQ. Due to dif-
ferences in the chemical compositions, CHOs, fats@oteins differ in the amounts of
O, needed and produced ¢@hen oxidized. Thus, RER values allow measurirgy th
mixture of fuels being oxidized. (Jeukendrup & Vi&a005.)

Calculations of carbohydrate and fat oxidation laased on stoichiometric equations.
Often the equations assume glucose to be majogeseurce from CHO during exer-
cise, although glycogen is in many conditions tredpminant source. In addition, indi-
rect calorimetry cannot distinguish different s@msof fat used as energy. Amount of
oxidized protein can be estimated from the excramadunt of nitrogen in urine and it
varies according to the protein. But many studiss classical value in which 1g of ni-
trogen equates to the oxidation of 6.25¢g of prot8inichiometry for CHO and fat differ
due to various lengths of FA or type of CHO. Thdg&rences explain partly several
versions of the equations for calculating substratkzation. (Jeukendrup & Wallis
2005.)

Table 1 shows the equations for substrate utibretinat have been used in the previous
studies. Proposed equations for CHO oxidation tat@ account that during exercise
glycogen is predominant energy source, not glucblas, relative contribution of vari-
ous CHO sources is taken into consideration. Faritdensity exercise, there is a dif-
ferent equation which assumes that 50% of CHO éxidacomes from glucose and
50% from glycogen. (Jeukendrup & Wallis 2005.)
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TABLE 1. Equations for substrate utilization used in différstudies (modified from Jeuken-
drup & Wallis 2005).

Author Equation Calculated Author Equation Calculated
oxidation oxidation
rates * (g/min) rates * (g{min)

Carbohydrate oxidation Fat oxidation

Lusk [48] derived from tables 218 Lusk [48] derived from tables 0.44

Brouwer [15] 4170.VC0,~2.965 V0,-0390-p  1.97 Brouwer [15] 1.718V0,- 1.718V(0,-0315-p  0.43

il s R, S Frayn [24] 167V0,-1.67 ¥C0,-192-n 0.4

Ferrannini [22] 4.55400,-3.21-¥0,~-2.87-n 221 o 5 K

(qle) Ferranninni [22] 1.67V0,-1.67 VC0O,-1.92-n 0.42

Ferrannini [22] 4.09-VCO,-2.88-V0,-2.59n 2.00 Péronnet and 1.695 V0,-1.701-V(C0, 0.41

(gly) Massicotte [52]

Péronnet and 4.585VC0,-3.226 V0, 2.25 Proposed equa-  1.695-V0,-1.701 V(0,-1.77-n  0.41

Massicotte [52] ‘ : tion (all exercise
Proposed equa- 4.344 VC0,~3.061 -W0,-2.37-n 2.12 intensities)
tion for low in-

tensity exercise n = urinary nitrogen excretion, p = protein oxidation, gly = glycogen, glc is glucose.
(40-50% VO3 * calculations of carbohydrate and fat oxidation are based on a VO, of 2.500L/min
Proposed equa- 4210.VC0,-2.962V0,-237-n  2.07 and VCO; of 2.250L/min (RER = 0.90) and negligible protein oxidation (p= 0, n=0).
tion for moderate New proposed equations are based on 50% of carbohydrate oxidation derived from
to high intensity plasma glucose and 50% from muscle glycogen at low exercise intensities (40 -50%
exerdse (50- VO3ma) and 20% from plasma glucose and 80% from muscle glycogen at the mod-
75 % VO mad) erate to high intensities (50-75% V05,

Indirect calorimetry assumes that RER reflects R€qaately. However, VErom the
lungs reflects only reliable the,@ptake of the tissue. Similarly, VG@ only an esti-
mate of CQ production. At low to moderate intensities (50-7%%.may, €quations are
highly reliable because hydrogen ions do not acdat@uand the production and clear-
ance of lactate are in balance. At high intensigEe®% VQmay VCO, is increased in
order to excrete excess hydrogen ions. This leadsérestimation of the utilization of
CHO at the expense of fat oxidation. Therefore,tdohinique is accurate for measuring
substrate utilization when exercise intensity<ig5% VQmax (Jeukendrup & Wallis
2005.)

In addition, indirect calorimetry is based on asuesption that other metabolic proc-
esses do not affect the substrate utilization,oaljh processes, such as ketogenesis,
gluconeogenesis and lipogenesis, could influencRBR. Particularly gluconeogenesis
from alanine requires energy and may influenceh@enRQ. But contribution to energy
production from alanine is fairly small during esise. Therefore, its effect on the sub-

strate oxidation is negligible. Lipogenesis ocaluwsing relative carbohydrate overfeed-
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ing, thus it is not important during exercise. Kgtoesis provides energy during pro-
longed exercise. However, the effect on the sutestrilization, and thus on the equa-
tion is minimal. (Jeukendrup & Wallis 2005.)

Metabolic chamber Energy expenditure is measured by indirect wihaldy calo-

rimetry. BMR, EE during sleep and 24-h are standad measurements done in the
chamber. In addition, body composition and spordasephysical activity are meas-
ured. Spontaneous physical activity is monitored rhigrowave motion detectors.

Measurements have high accuracy and precisionug€laet al. 1997.)

The chamber is “environmental walk-in room” with ig8aof aluminum. Air condition-

ing, heating and cooling system conjugate in otdekeep the room temperature at
fixed state. The chamber is furnished which allalishe necessary daily activities. The
VO, and VCQ are continuously measured because the chambiéistaa open-circuit,

indirect calorimeter. Fresh, atmospheric air isadrahrough the camber, and the mixed
air leaves the chamber at three levels. Ventilatitwasurement module monitors the
flow rate at the outlet, air temperature and th@ivetric. Dew point hygrometer deter-

mines water vapor pressure from the outflowing(&avussian et al. 1986.)

Oxygen and carbon dioxide are analyzed from théawing air after flow, tempera-
ture, barometric pressure and humidity are detexchiifhen, oxygen and carbon diox-
ide concentrations are compared to their conceomistn the fresh air. Oxygen con-
sumption is the sum of the decrease in oxygen enctramber and the net amount of
oxygen added to the chamber. Carbon dioxide pramtuct similarly the sum of carbon
dioxide buildup in the chamber and the net amofiecadoon dioxide extracted from the

chamber. (Ravussian et al. 1986.)

Doubly labeled water (DLWDoubly labeled water is a well established anddedéd

indirect calorimetry method for assessing totalydBE in free living humans. Method
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is noninvasive. When DLW is compared to metabohamber measurements, it has
accuracy of 1-2% and precision of 5-7%. DLW methsdumes that energy intake and
energy expenditure are in balance. (de Jonge 20a¥.)

Subject drinks solutions with two isotopes,{# and®H.0). Urine samples are col-
lected at fixed time points. From the urine sampddisnination rates of the isotopes are
calculated. Rate of COproduction is calculated from the equation of Jtler's
(1988). Energy expenditure is calculated by mujtigl rate of CQ production by en-
ergy equivalent of C®at measured respiratory quotient (RQ). (de Jongs. €007.)
DLW provides more clinically relevant data compatedneasurements in the respira-
tory chamber because participants can be physiaaliye as normally (Klausen et al.
1997). DLW is used in the validation of other methoBut its use in practical applica-

tions is limited due to its relatively high expen@dcArdle et al. 2001, 185.)
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5 THE PURPOSE OF THE STUDY

The purpose of the present study is to examinetigegy expenditure during eccentric
exercise. This study focuses on the effects ofedezband obesity on energy expenditure
and use of different energy substrates. In addit@sociations with muscle fibre type,
maximal isometric force and energy expenditure warder examination. The present

study is based on following study problems:

1. Does total energy expenditure differ between dialsetd obese subjects during
eccentric exercise?

2. Does the use of substrates (lipids vs. CHO) diffetween diabetic and obese
subjects during eccentric exercise?

3. What are the relationships between muscle fibre gigtribution, maximal iso-
metric force and energy expenditure during eccergkercise in diabetic and

obese subjects?

Hypotheses for the study are:

1. Diabetic subjects have higher total energy expaneliduring eccentric exercise.

2. Diabetic subjects use more CHO as energy substatgared to obese and
normal weight controls in eccentric exercise.

3. Diabetic subjects have more fast-twitch fibres cared to obese subjects. Fur-
thermore, energy expenditure in eccentric exerisiselated to muscle fibre dis-

tribution and maximal isometric force.
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6 METHODS

6.1 Subjects

Subjects (males, 37-61 years) were divided intedfdifferent study groups according

to their health status and weight. Group DM comesigif subjects with type 2 diabetes

mellitus (n= 14). In addition, diabetic subjectdhather diseases related to diabetes
mellitus, such as high blood cholesterol, and eétx/a@r high blood pressure. Most of

the diabetic subjects were also obese. In the g@NP were non-diabetic and obese

subjects (n= 12). Some of the obese subjects haabwie syndrome, because they had
elevated blood glucose level and other symptonseaelto the disease. For the groups
DM and OND, a criterion for obesity was a body miasex (BMI) over 30 kg/rh

Normalweight, non-diabetic subjects were in grolgDL(n= 3). Subjects were non-
diabetic and normal weight (BMi 25 kg/nf) or lean. If fat percent was in normal range
(10-20%), subject was considered as lean. Dueffioudiies in recruitment of lean non-
diabetics subjects, the number of subjects of gtdup was small. Therefore, for most
of the statistical analyses, groups OND and LNDeammbined to group healthy con-
trols (HC). Forming the group HC was possible bseahe data from groups OND and
LND were often similar when anthropometrical reswlere excluded. In the results, the
main emphases are in the differences between diadoed obese non-diabetic subjects,

and differences between diabetics and healthy alsntr

Subjects were recruited by public advertisementfoi® attending to measurements,
the subjects underwent a physical examination padd by a physician. If the subject
had difficult injuries in spine or joints that couinhibit exercise, or high risk of heart

attack, he was excluded from the study. Subject® welunteers and they were in-
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formed about the study and risks involved with theasurements. Written informed
consent (appendix 1) and health questionnaire (app&) were obtained from all vol-

unteers before starting any measurements. Studyvda approved in the ethical com-
mittee at the University of Jyvaskyla.

6.2 Study schedule

The study schedule is summarized in Table 2. Dunegks 1 and 2, the subjects un-
derwent a physical examination, anthropometricahsneements and maximal oxygen
consumption test. During the adaptation period witbentric bicycle ergometer (weeks
3-6), also the maximal isometric force was measaratifasting blood sample was col-
lected. In week 7, energy expenditure was measwitbdthe eccentric cycling ergome-

ter. Finally, muscle biopsy was collected in week 8

TABLE 2. The study schedule.

Week | Measurements

1-2: Physical examination

Anthropometrical measurements and maximal oxygerswmption
test

3-6: Blood sample
Adaptation trainings with eccentric bicycle ergoeret
Maximal isometric force test (knee extension)

7 Energy expenditure test with eccentric ergometer

8: Muscle biopsy

6.3 Anthropometrical measurements

Body mass index (BMI) and waist circumferenBedy weight and height of the sub-
jects were measured while they wore only light ldlog. BMI value was calculated as
the body mass (in kilograms) divided by the heifihtmetres) squared (unit kgAm

Waist circumference was measured with a soft meatpe at the midpoint between
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lowest rib and the iliac crest when subject wasditey normally. Waist circumference
is related to amount of visceral fat, which is @dip tissue surrounding organs in the
abdominal cavity. High amount of visceral fat igsk factor for diabetes mellitus.

Body compositionBody composition was measured by InBody 3.0 (Bawe Co., Ko-
rea; figure 13). During the measurement, subjembdststraight on the feet electrodes
and held electrode handles of the InBody 3.0. Hamel® straighten and slightly away
from the trunk. Low electric currency was conductkmbugh the electrodes to hands
and legs at four frequencies (5, 50, 250 & 500 kHhe InBody 3.0 displays automati-
cally the measurements of total body water, fat@etage, and the amounts of fat-free
mass (FFM), fat mass (FM) and visceral fat. Thé-retest reliability of the device is
considered as high (0.995). In the percentagetaf bmdy fat no significant differences
are found between InBody 3.0 and the dual-energgyxabsorptiometry (DXA), or be-
tween InBody 3.0 and hydrostatic weighting (HW)e(Bura et al. 2004.)

The device estimated the percentage of body fatpdecentage, %) from the estima-
tions of intracellular water and total body watend summing the segmental impedance
values from the right arm, left arm, right leg,tllfg and trunk. The InBody 3.0 calcu-
lated the amount of FFM by summing the predictedctmimass and bone mass. The
estimation of the amount of muscle mass from the teater was based on an assump-
tion that the hydration of fat-free mass is 73,29. was calculated by subtracting FFM
from the body mass. (Demura et al. 2004.) The esesfional area of visceral fat is
estimated by the CT method. From this estimatiahthe subject’'s impedance value, a

regression equation is formed and the amount okvad fat is calculated.
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FIGURE 13.Bioelectrical impedance (InBody 3.0) for measutting body composition.

6.4 Isometric force measurement

Isometric force production of the right knee extansiuscles was measured on a knee
extension dynamometer (David Sports Itd, FinlaAd)a warm-up, subjects cycled with
a bicycle ergometer for 5 minutes and performedngtoic contractions on the dyna-
mometer. Warm-up contractions were done at a suionadxorce level, and their aim

was to familiarize subject to the performance.

The subjects sat on the knee extension dynamoraetketheir knee joints were fixed at
107 degrees. During the force measurement, theesisbglid isometric muscle action
against ankle bar as fast and maximally as posdtdeh subject had 3-5 attempts to
reach the maximal force level. Maximal isometricctois calculated as an average from
three best attempts. In addition to maximal isoimdtrce, the rate of force develop-
ment (RFD) was measured from 5ms. The rest pereididen the attempts was 1-2
minutes. This ensured that the subjects were mgneddy for maximal performance

and that their fast energy stores in the muscld@$(ACr) were replenished.

6.5 Maximal oxygen consumption

Maximal oxygen consumption (VQa,) was measured in a graded bicycle test. Warm-
up was done on a bicycle ergometer (Ergoselect EgBline, Germany) for ten min-

utes at a low intensity (70-80 W). The workload tloe first grade was determined from
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the warm-up and it was from 75 to 100 watts. Inteést, load increased by 25 watts in
every three minutes. Subject maintained a cyclexgpbetween 60 to 80 revolutions per
minute (rpm). Heart rate (Polar, Finland) and blgwdssure (Omron, Finland) were
monitored during the test. Respiratory gasesa@d CQ were measured with open-
circuit spirometry (Oxycon Pro Jeeger, Germany) i@ath-by-breath mode. The sub-

jects evaluated the exercise subjectively by tiadesaf Borg (RPE scale from 6 to 20).

The test continued until the subject wanted to stopr heart rate, blood pressure or
oxygen consumption started to decrease. The maxamaen consumption was con-
sidered as the highest 30s average of oxygen cgigam(VQO;) in relative value

(ml/kg/min). After the test, the subjects continwsaling for ten minutes with the load
of 75 W for cooling down and recovery purposes. fbart rate was monitored during
cooling down. Stretching was advised and guideer dlffte test, in order to diminish the

possible muscle soreness during the following days.

6.6 Eccentric bicycle ergometer and adaptation pratcol for eccentric
exercise

Subjects sat on the eccentric bicycle ergometeti{iMeFinland) and their feet were in
the pedals in front of the body (figure 14). Biayelas a motor driven ergometer, which
rotated the pedals backwards. The subjects hadsistrthe movement of the pedals
with constant and steady force only when pedalwaging towards the subjects’ torso.
When the pedal was moving away from the torso,extbelaxed the leg. Resisting was
done with both legs, one after another. Duringréssting movement, at least a part of

the m. quadriceps femoris was lengthening whildre@ting.
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FIGURE 14.Eccentric bicycle ergometer.

In order to learn to use the eccentric ergometch esubject performed eight training
sessions twice a week. Thus, the adaptation péasidd for four weeks. Exercise ses-
sions were light but they changed gradually intarendemanding ones. Different ve-
locities, loads and intensity level durations werteoduced to the subjects. Main focus
was to familiarize the subjects to the performamtearder to enable the energy expen-
diture test with the eccentric bicycle. The sulgeetaluated exercise with the Borg’'s
scale and evaluations were used when designingeflbeities and loads for the energy

expenditure test.

6.7 Energy expenditure test on eccentric bicycle

Subjects’ respiratory gases were measured at eéstebthe maximal oxygen consump-
tion and energy expenditure tests. Before any philgidemanding measurements were
done, subject sat on a chair and respiratory gases collected for 5 minutes. These
control measurements were taken in order to imptbeereliability of the study. In
many studies, the day-to-day intra-individual cmééht of variation (CV) of BMR has
been 3-5% (Shetty 2005).

The energy expenditure test started with a 10 raimarm-up on a treadmill. Warm-up
was done by walking and the aim was to reach 60%ubject’'s HR,.x measured during

the VOmaxtest. Initial velocity was 4 km/h, and it was ieased gradually up to 6 km/h.
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If the target heart rate was not reached, the gofdiee treadmill was increased. Both

heart rate and respiratory gases were monitoreadigimout the warm-up.

In the energy expenditure test, the eccentric esenvas divided to two (2) intensity
levels, and each of these lasted seven minutes.vélogities for the intensity levels
were determined according to the subject’s capadslto perform at different velocities
during the adaptation training sessions. The vie&scivere 40-50 rpm in the first level
and 50-60 rpm during the second one. For the miodteosubjects, the pedaling rates
during the first and second intensity level weread@ 60 rpm, respectively. Heart rate
and respiratory gases were measured during thagestthe maximal oxygen consump-
tion test. The subject evaluated the exercise Biig’'s scale. After the test, the subject
pedaled on the eccentric bicycle without resistargs min while cooling down.

Energy expenditure and substrate utilizatidime total energy expenditure and the utili-
zation of carbohydrates and fatty acids as eneufpgteates were calculated from the
respiratory gas measurements according to Jeuke@dkyallis (2005). Equations 1 &
2 for substrate utilization were based on oxygemsamption (VQ) and carbon dioxide
production (VCQ). During the eccentric exercise, the metabolid emsl the exercise
intensity were fairly low. Because the exerciseemsities were below 75% Vi

equations for the substrate utilization were adeura

The respiratory gas values were measured as aagevéar 30s. VQand VCQ values

in the equations were the averages of two last t@eaf each intensity level because
the subjects reached the steady-state during leotisl Excretion of urinary nitrogen
(n) was not collected in this study. Due to theation and the nature of the exercise, it
was fair to assume that the effect of protein axatawas negligible. Thus, from the
equations for the substrate utilization the proteiidation was left out.
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Equation 1. CHO oxidation= 4.210*VGQ.962*V0,-2.37*n
Equation 2. Lipid oxidation= 1.695* V&1.701*VCQ,-1.77*n

6.8 Blood sample

Blood sample (10-12 ml) was collected from the bralcarterial after an overnight fast
(minimum of 8 h). From the sample, total choledt€iaC), high-density lipoprotein
(HDL) and low-density lipoprotein cholesterol (LOLblood triglycerides (TG) and
glucose were analyzed. All blood variables weresue=d in plasma by standard enzy-
matic methods using Roche Diagnostic’s reagents ait automated analyzer (Roche
Modular P800, Roche Diagnostics GmbH, Germany).

The reagents for the TC, HDL and LDL were Choledt&hod PAP, HDL-C plus'3
generation and LDL-C plus"2generation, respectively. The LDL cholesterol eslu
can be calculated according to the formula of Favemld (equation 3; Friedewald et al.
1972). From some of the samples, LDL was calculat#ti modified equation of
Friedewald (equation 4). The reagents for the deteng of the TG and glucose were
Triglycerides GPO-PAP and Gluco-quant Glucose/H&spectively. All the analyses

were performed in the Central Hospital of Centialdnd, in Jyvaskyla.

Equation 3. &L= Cplasma_ Gio. — TG/5
Equation 4. LDL = TC — HDL — (TG/2.2)

6.9 Muscle biopsy

Prior to collecting the muscle biopsy from the rastus lateralis, subjects retained from
physical exercise for 48 hours. The skin area, wltbe biopsy would be taken, was
shaved and cooled with ice for about ten minutderbdocal anaesthetic (Lidocain 20
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mg/ml c. adrenalin) was injected s.c. The musaip$y was taken with the Bergstrém
biopsy needle from the vastus lateralis muscle @pprately 15 cm above the patella
tendon and 2 cm away from the fascia. The sampée wovered with Tissue-Tek and
frozen immediately in isopentane cooled with liganittogen. The samples were stored
at -80°C until further analyses. From the musctgs$ies, 1Qum sections were cut in a
cryostat at -20°C (Leica CM 3000, Germany) for thescle fibre typing and myosin
heavy chain analysis. Data from the muscle biopsypdes in the group LND was sup-
plemented (sLND) with the data from study by MerdH&Imi in order to have enough

samples (n= 10) for statistical analyses.

Fiber typing ATPase histochemistry analysis for the fibre mgpwas performed ac-

cording Brook & Kaiser (1970). Biopsy sections wetained in four different pH-

solutions (4.37, 4.55, 4.60, and 10.3). Sectioamstl in different pH-levels were stud-
ied with microscope (Olympus system microscope BXEpan) and micrographs were
taken with Sanyo Color CCD camera (Sanyo electdacl@d., Japan). The micrographs
were analysed with Tema image-analysis softwarar{&eam, Denmark). Fibre types I,
lla, llab and lIb were identified. Relative progorts of various fibre types were used in

the statistical analysis. Minimum of 200 muscldscelere examined for the fibre typ-

ing.

Myosin heavy-chain (MHC) compositiadyosin heavy-chain analyses were performed
from 30-50 muscle biopsy sections using sodium dgdsulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) according to Andersefafaard (2000). The gels were
stained with Coomassie Blue and MCH isoform corstevere determined with a densi-
tometer (Bio-Rad Molecular Imaginer® ChemiDoc™ XRB$stem, USA) and Quantity
One®-software (Biorad, USA). MHC isoforms |, IIAGihX were identified as relative

proportions.
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6.10 Statistical analyses

Statistical analyses were done with SPSS 15.0 fod@ws. Because measured parame-
ters were not normally distributed, and sample ssizere relatively small, statistical
analyses were performed with the non-parametrits.td3ifferences between study
groups were defined with the Mann Whitney test. t@drmeasurements at rest were
compared with the Wilcoxon signed ranks test. CGatiens were calculated with the

Spearman’s correlation coefficients. Level of sfigaince was set at p< 0.05.
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7/ RESULTS

7.1 Anthropometric measures

Age and anthropometrical values are summarizedalslelr3. All the groups were simi-
lar according to age. There were no statisticdedbhces in anthropometrical measures
between DM and OND, and between DM and HC.

TABLE 3. Anthropometrical measures from whole greunqa subgroups.

ALL SUBJECTS (n= 28) OND (n=11) HC (n= 14) DM (44)
Mean = SD Mean = SD Mean = SD Mean = SD
Age (yrs) 52+7 50+ 10 51+9 53+6
Body mass (kg) 101,0 £ 18,9 99,6 +14,2 95,3+15,4 106,7 + 20,8
Height (m) 1,77 £ 0,07 1,76 £ 0,07 1,76 £ 0,07 @07
Waist circ® 115,3+17,4 1185+ 22,6 113,9+21.9 116,7 412,
BMI@ 32,0+4,2 32,0+2,8 30,8+3,5 33,2+4,7
FFME 71,7 £10,2 69,3+9,7 68,5+9,2 749 +10,4
SMM“ 41,0+5,9 40,2 +5,8 395+5,6 425+6,1
FM® 29,0+10,9 30,4+8,9 26,9+10,4 31,2+114
Fat percent (%) 28,6 £6,6 30,2+6,0 276+7,4 ,6295.8
Visceral fat (cr) 163,1 + 36,9 164,5+ 26,4 153,3+ 32,4 172,9 639

" Waist circumference (cm), measured at the midguétiveen lowest rib and iliac crest
@ BMI= body mass index (weight divided by height amed, kg/r)
@ FFM= fat-free mass (kg)

“ SMM= skeletal muscle mass (kg)

® FM= fat mass (kg)

7.2 Blood glucose and cholesterol

Table 4 shows that DM had significantly higher ldagiucose compared to the OND
(p=0,001) and HC (p<0,001). There were no stasiktilifferences in total cholesterol
and HDL cholesterol levels between the groups. Lrowi@l cholesterol in DM com-
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pared to the OND approached statistical differgipe®,092). In addition, triglycerides

did not differ between the groups.

TABLE 4. Variables from the blood samples (comparisons to ONP< 0.01, 1 p< 0.05; to
HC: ** p< 0.01, * p< 0.05).

ALL SUBJECTS OND (n=11)] HC (n=14) DM

Mean+SD n| Mean+SD Mean + SD Mean + SD n
Total Chol (mmol/l) 47+1,3 2848+1,1 48+1,2 45+15 14
HDL® Chol 1,4+0,8 2416+1,2 16+1,1 1,2+0,3 14
LDL @ Chol 2,6+0,9 2129+1,0 28+11 2,3+0,7 13
Triglycerides (mmol/l) 2,1+1,6 281, 7+1,0 1,5+0,9 26+2,0 14
Blood glucose (mmol/l) 6,4+29 285,1+1.4 51+1,2 7,8 3,57 14

“HDL Chol= high density lipo-protein (mmol/l)
@ LDL Chol= low density lipo-protein (mmol/l)

In the DM group, seven subjects used medicatiorciiotesterol (e.g. Lipitor). In addi-

tion, 10 DM subjects had medication for high blquéssure (e.g. Norvasc, Cardace,
Emconcor). On the contrary, only one subject frodDOused cholesterol medication,
and three subjects had blood pressure medicatiten\8ubjects with medical treatment
for cholesterol were excluded, there were no dsieaisdifferences between diabetics

and obese non-diabetics, as well as between diakaid healthy controls.

7.3 Muscle fibre distribution and myosin heavy chan variation

Four muscle fibre types (I, lla, llab and llIb) weseparated from the muscle biopsy
samples. From myosin heavy chain (MHC), three isnfowere found from the whole

subject group. Both MHC and muscle fibre type valaee presented in Table 5. There
were no statistical differences in MHC contentswaein the groups. On the contrary,
the muscle fibre distribution differed in the greuPM had lower percentage of type |
muscle cells compared to group OND (p=0,048) amadigHC (p=0,020). Percentages

of fast-twitch muscle cells seem to be homogenouke subject groups.
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TABLE 5. Percentage (%) values of MHC isoforms amascle fiber distribution (comparisons
to OND:  p< 0.01, T p< 0.05; to HC: ** p< 0.01p¥% 0.05).

ALL SUBJECTS OND HC DM

Mean+SD n| Mean*SD pMean+SD n | Mean*SD n
MHC® 11X 28,2+9,2 121 28,1+12,0 § 28,1+12,0 6 28,2+6,5 6
MHC lIA 409+18,9 21{346+18,0 §368+17,5 1Q44,7+20,1 11
MHC | 43,0 £8,4 21 44,3+6,9 8 46,4+94 10 40,0+6,4 11
Fibre type | 46,2+11,4 2149,1+10,1 §50,8+11,5 10 42,0+10,0t* 11
Fibre type lla 27,1+8,3 2[126,4 £8,7 8 27,0+£9,1 10 27,3%+8,0 11
Fibre type llab 22,5+9,0 2021,2+7,3 819,084 10 25,7+8,6 11
Fibretypellb  4,2+6,5 213,2+3,1 8l 3,2+29 10/ 5,1 + 8,7 11

' MHC= myosin heavy chain isoform

Supplemented LND (SLND) group had statisticallyngigantly higher proportion of
type llab fibers (p=0,011) compared to diabetiosadidition, the data displayed a trend
(p=0,078) of lower proportion of type lla fiberssbND compared to DM. When sLND
was compared to OND, the data displayed trendsgbien proportion of type lla fibres
(p=0,051) and lower fraction of type llab fibres=Qp076) in the SLND.

7.4 Maximal force and force production

Maximal isometric force showed no statistical diéieces or trends between the groups.
Also, the rate of force development (RFD) was atilair levels in all the groups (table
6). Maximal isometric force did not correlate wittuscle fibre distribution in the whole
group nor in any of the subgroups. In additionyeéhwere no correlations between the
maximal force and myosin isoform content. SimilafFD did not correlate with mus-

cle fibre types, or with MCH isoforms.

TABLE 6. Isometric maximal force and rate of foevelopment (RFD).
ALL SUBJECTS (n= 28) OND (n=11) HC (n=14) DM (4)
Mean = SD Mean = SD Mean + SD Mean + SD
Frnax (N) 830 £ 233 843 £ 342 826 £ 305 834 £ 141
RFD (N/s) 12434 + 6752 14375 + 9292 13653 + 83p0 2141+ 4592
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7.5 Maximal performance capacity

Diabetics had lowerelative VO, (table 7) compared to the OND (p=0,035) and HC
(p=0,008). Diabetics reached significantly lowerxinaal heart rate (HR.) during the
maximal test compared to the obese non-diabetie®,0@0) and healthy controls
(p=0,020).

TABLE 7. Results from the maximal oxygen consumption testmftarisons to OND: 1 p<
0.01, T p< 0.05; to HC: ** p< 0.01, * p< 0.05).

ALL SUBJECTS (n= 28) OND (n=11) HC (n=14DM (n= 14)
Mean = SD Mean + SD Mean + SDMean + SD
VOoman” (L/min) 26+0,6 28+0,7 2,8+0,7 24+04
VOjmax (MI’kg/min) 26,0 £ 6,5 27,8+6,0 29,2+6,1 22,9,51*
Winar? 206 +53 219 + 67 224 + 63 188 + 32
HRpma” 160 + 18 168 + 18 167 + 17 154 + 16t*

1 VO,ma= Mmaximal oxygen consumption
@ W, .= maximal workload (watts)
@ HR,,,= maximal heart rate (bpm)

7.6 Respiratory gases during eccentric exercise

The control respiratory gases measured bel@e,.x and energy expenditure test did
not differ in the whole subject group, or in thégroups. Therefore, the respiratory gas
measurements are comparable. The two intensitysleliered significantly with each
other in terms of respiratory gases. Oxygen consiommuring the higher intensity
level (also referred as: second level) was sigaifity higher compared to the lower
intensity level (first level) both in absolute aredative values. Differences were found
in the whole group (p<0,001), and among the diabdip=0,001), obese non-diabetics
(p=0,005), and healthy controls (p=0,001).
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Respiratory gases during the eccentric test didliffar statistically between the diabet-
ics and obese non-diabetics. On the contrary ssital differences were found between
the diabetics and healthy controls (table 8) fréma second level, when the diabetics
had higher absolute oxygen consumption (p=0,038) @oduction of carbon dioxide
(p=0,033). In addition, the data displayed a trehdligher absolute oxygen consump-
tion (p=0,069) in the DM during the first level cpared to the HC.

TABLE 8. Respiratory gases during the energy expendituteotethe eccentric bicycle (com-
parisons to HC: ** p< 0.01, * p< 0.05).

ALL SUBJECTS (n= 27) OND (n= 10) HC (n=13) DM (44)
Mean = SD Mean = SD Mean = SD Mean = SD
1 level
VO, (L/min) 0,84 +£0,24 0,83+0,28 0,79 £0,25 0,80,23
VO, (ml/kg/min) 8,3+1,8 8,3+2,3 8,3+20 8,3+1,6
VCO,® 0,76 £0,23 0,76 £0,25 0,71 +£0,24 0,80 +£0,23
RER® 0,90 £ 0,06 0,91 +£0,04 0,90 £ 0,05 0,90 £ 0,08
2" evel
VO, (L/min) 1,18 + 0,31 1,15+ 0,36 1,09 + 0,33 1,26,29*
VO, (ml/kg/min) 11,7 +2,3 11,6 +3,1 11,5+2,8 11,8+ 2,0
VCO, 1,06 + 0,31 1,03 +0,33 0,97 £0,31 1,15 + 0,297
RER 0,90 £ 0,05 0,90 £ 0,05 0,88 £ 0,05 0,91 £ 0,05

“'VO,= oxygen consumption
@ vCO,= production of carbon dioxide (L/min)

® RER= respiratory exchange ratio

Oxygen consumptions during both intensity levelseneompared to the maximal oxy-

gen consumption value. This was done in orderveakpossible differences in the pro-
portion of oxygen consumption used in the test betwthe groups (table 9). There were
no statistical differences between the intensigle but between the groups the propor-

tions varied significantly.

Diabetics used higher proportions of their oxygensumption capacity compared to
healthy controls during both intensity levels. Biinces were found in absolute® (1
level: p=0,033; % level: p=0,026) and relative values (p=0,023).v&=in the DM and
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OND no statistical differences were detected. Ha@wesluring the higher intensity level
a trend of higher proportion of absolute oxygenstonption (p=0,089) was found in
the diabetics (38,0%) compared to the obese ndretics (30,8%).

TABLE 9. Relative proportions (%) of oxygen consuiop during energy expenditure test on
the eccentric bicycle (comparisons to HC: ** @01, * p< 0.05)

ALL SUBJECTS (n= 27) OND (n= 10) HC (n=13 DM (44)
Mean + SD Mean + SD Mean = SIp Mean £ SD

1% level

Absolute VQ/VO,ax (%) 33,8 £10,3 31,1+10,1 29,3+9,5 37,9 +9,6*

Relative VQ/VO,ax (%) 47,4+ 140 44,2 + 16,5 41,4 +15(B3 53,0 £10,

2" level

Absolute VQ/VO,ax (%) 33,8 £10,2 30,8 +9,7 29,2+9,1 38,0 +9,5*

Relative VQ/VO,ax (%) 47,5+ 13,8 43,8 £16,0 41,2 +14/ 53,2 #10,

7.7 Energy expenditure and utilization of the subsates during eccen-
tric exercise

Mean energy expenditure and substrate utilizati@mewcalculated from the average
values of oxygen consumption and carbon dioxiddwBen the diabetics and obese
non-diabetics, there were no differences in thelabon of lipid or carbohydrates for

energy during the eccentric test (table 10). Tetedrgy expenditure had no statistically

significant difference during the first and secamnsity levels of the test.

Healthy controls had lower energy expenditure duboth intensity levels compared to
the diabetics. During the first level, the EE ammtwed statistical significance
(p=0,065), but during the second level the enepgyerditure was statistically signifi-

cantly different (p=0,037). In addition, higher dation of carbohydrates in the diabet-
ics during the second level compared to the healtmgrols approached statistical sig-
nificance (p=0,081).
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TABLE 10. The energy expenditure and the utilizatod substrates during the energy expendi-
ture test on the eccentric ergomemmparisons to HC: ** p< 0.01, * p< 0.05).

ALL SUBJECTS (n= 27) OND (n=10)| HC (n= 1S|3DM (n=14)
Mean =+ SD | Mean + SD Mean £ SD Mean + S[p

1*'level

CHO oxidation (g/min) 0,7+0,3 0,7+0,3n 0,780, 0,8+£04

FAT oxidation (g/min) 0,1+0,1 0,1+0,1 0,1+0,1/0,1+0,1

EE (kcal/min) -3,3+1,0 -3,3+11 -3,1+1,0 -39,9

2" level

CHO oxidation (g/min) 1,0£04 1,0+£0,4n 0,940,(1,1+£04

FAT oxidation (g/min) 0,2+0,1 0,2+0,1 0,2+0,1/0,2+0,1

EE (kcal/min) 4,7+1,2 -46+14 4,4+ 1,3 -50,1*

“ EE= energy expenditure

The maximal isometric force did not correlate witle energy expenditure in the whole
group nor in the subgroups. In the obese non-dabedtup however, the data displayed
a positive trend (r=0,552; p=0,098) between thenestoic force and the energy expendi-

ture during the second level.

Muscle fibre distribution showed a few correlatiavith the energy expenditure and the
utilization of substrates. In the whole group, fireportion of type llab muscle cells

correlated negatively with the energy expenditure(;599; p=0,004) and positively

with the oxidation of carbohydrates (r=0,588; p£®&)0during the second intensity level
(figure 15). In addition, the proportion of typeniuscle cells correlated negatively with
the oxidation of CHO (r=-0,452; p=0,040) during gezond level.
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FIGURE 15. Correlations during the second levelieen the proportion of type llab fibres and

the energy expenditure (A), and between the pragodf type llab fibres and the oxidation of
CHO (B).

In the diabetics, the proportion of type IlIb caltsrelated negatively with the oxidation
of CHO (r=-0.661; p=0,027) during the second intigngvel. No other significant cor-
relations were found in the diabetics, but the ddawed positive trends between the
percentage of type llb cells and the energy experedduring the first level (r=0,541,;

p=0,085), and the proportion of type Illa cells &mel oxidation of CHO during the sec-
ond level (r=0,564; p=0,071).

From the obese non-diabetic group could be fourlg arpositive trend between the
percentage of type llb muscle cells and the lipiddation during the first level

(r=0,667; p=0,071), and a negative trend betweerptrcentage of type llab cells and
the energy expenditure (r=-0,690; p=0,058) durimg second level. From the healthy
controls, positive correlations were obtained dyrine first level between the propor-
tion of type llab and the oxidation of CHO (r=0,6%0,038), and between the per-
centage of type llb and the lipid oxidation (r=864=0,043). In addition during the
second level, the percentage of type llab and tieegy expenditure correlated nega-

tively (r=-0,758; p=0,011), and the percentageypetilab and the CHO oxidation dis-
played a positive trend (r=0,624; p=0,054).
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8 DISCUSSION

The aim of the study was to examine the effectypd 2 diabetes mellitus and obesity
on the energy expenditure and substrate utilizadionng eccentric exercise. In addi-
tion, the study focused on the muscle fibre distidn and its relations to energy ex-
penditure and maximal isometric force. The mailifigs of this study were:

1) Energy expenditure differed between the diabetimd healthy controls. However, no
statistical differences were found in the energgesditure between diabetic and obese
non-diabetic subjects.

2) Utilization of substrates did not differ betwetre diabetics and the obese non-
diabetics. The oxidation of carbohydrates was highehe diabetics compared to the
healthy controls.

3) Diabetics had lower percentage of slow-twitchsole fibres compared to obese non-
diabetics and healthy controls. Muscle fibre disttion was not related to maximal

isometric force or to energy expenditure duringeetac exercise.

8.1 Effect of obesity on energy expenditure

Bitz et al. (2004) have reported that type 2 digsdtave about 7% higher 24-h energy
expenditure compared to obese non-diabetics, witers Bdjusted to FFM, FM, spon-

taneous physical activity, sex and age. In thegmestudy however, differences in the
energy expenditure between the diabetics and teseobon-diabetics were not detected
during submaximal exercise. In addition, the enexggenditure was not related to the

maximal isometric force at the whole group levelaoy of the subgroups. Thus, it is
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possible that the difference in the energy expenglimay exist only at basal state, not
during exercise, although the intensity of the atwe exercise was from light to mod-

erate.

The regulatory processes of energy metabolism duidiel possible differences between
the diabetics and the obese subjects. Furthernioeedifference between the groups
was so small during exercise, that it is not siaafly seen. The type of exercise could
also influence on the energy expenditure differsrizetween the groups. Kyrélainen et
al. (1990) found that energy expenditure is loweedcentric exercise compared to con-
centric mode, thus leading to higher mechanicatieficy. In addition, the mechanical
efficiency increased when the mechanical work iaseel. Because almost every subject
reported that the second intensity level was easiperform, it is possible that the me-
chanical efficiency was better during the secon@lleThere are also contradictory re-
sults about the metabolic strain in various musdgon modes. Combs et al. (1999)
found that concentric and eccentric exercise caimgar metabolic strain. On the con-
trary, Perrey et al. (2001) detected that duringemtric action, physiological cost is
lower compared to concentric one. Altogether, ttuaig differences in the present study

could become apparent at higher intensities araltbying the muscle action modes.

Differences in the energy expenditure were obtaibetiveen the diabetics and the
healthy controls, which was greatly due to the lean-diabetic subjects in the HC
group. It seems that diabetes alone does not d&ffectotal energy expenditure but the
obesity plays a greater role. According to Klauseal. (1997), body composition and
age affect the energy expenditure. Because agedlidiffer in the groups, the body
composition was primary variable causing differenae the energy expenditure be-

tween the diabetic and healthy subjects.

In general, the effect of age is related to sedgriifestyle, changes in fat-free mass

composition, as well as hormone and metabolismlaégn. However, determining the
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cause and the effect is not straightforward. Sedgrifestyle accelerates the changes in
the body composition and increases the likelihawdobesity, thus leading to other re-
lated diseases such as diabetes mellitus. Theed@fed changes in metabolism also
induce the alteration of body composition, whicih gacrease the possibility for physi-

cal inactivity. (Blaak 2005; Krishnan et al. 2003.)

8.2 Metabolic characteristics of muscle fibre disibution

Muscle fibre distributionMuscle fibre distribution is closely linked to tlseibstrate
utilization due to the metabolic characteristicsied various muscle fibre types. Slow-
twitch (type 1) fibres are more insulin-sensitivedathey have high oxidative enzyme
capacity compared to fast-twitch fibres with higlyércolytic enzyme capacities (He et
al. 2001). However, studies have shown controvierssailts on the effect of diabetes or
obesity on the muscle fibre distribution (He et28l01; Gaster et al. 2001; Oberbach et
al. 2006). This is partly due to the procedure Whg vulnerable to variations. Muscle
biopsy sample is very small, and thus it is possiblt it does not reflect the whole
muscle status. The classification of fibre typepet®l on the typing procedure and it
varies between studies. In addition, the vastwesdds muscle has often quite heteroge-

neous muscle fibre distribution (He et al. 2001).

Gaster et al. (2001) did not find differences i thbre distribution between age-
matched diabetics and obese non-diabetics. Onfgrdiices were lower fractions of
type |1 fibres in young lean subjects compared tth lmdbese subjects and diabetic sub-
jects. In the present study, age was not signifi¢actor because groups were age-
matched. The diabetics had significantly lower pmtipn of type | fibores compared to
the obese non-diabetics and the healthy controéeesrding to Oberbach et al. (2006).
But these results are contrary to the results aft€@aet al. (2001). Difference could be
partly due to different classification of musclérés. In the present study fibres were

classified as type |, lla, Ilab or Ilb fibres whi&aster et al. (2001) classified fibres only



69

as type | or type Il fibres. The study of Tannerkt(2002) found that obese subjects
had elevated percentage of type IlIb fibres andaedipercentage of type | fibres com-
pared to their lean counterparts. In the presewtysdifferences between lean and obese
non-diabetics could not be confidently compared tuesmall number of lean non-

diabetics.

High portion of type Il fibres in the diabetics waspected in the hypotheses. The dia-
betics had about 42% of slow fibres, when obesedalpetics had over 49%. Because
slow fibres are more sensitive to insulin, highesportion of type | fibres could resist
or slow down the development of type 2 diabeteditugl In addition, a high proportion
of type Il fibres could accelerate, or be a risttéa to, the development of diabetes mel-
litus. Because the muscle fibre distribution igg&dy an inherited property (Guyton &
Hall 2006, 1061), its effect on the developmendiabetes through muscle metabolism
is great. However, lifestyle patterns are as inmgoaras the inherited properties. It seems
that genetic factors define individuals ‘sensiyivito the development of diabetes but
lifestyle is the final trigger for the disease. Wwre ‘diabetes-sensitive’ individuals,

smaller trigger is needed for the development abeies, and vice versa.

It is not known, whether muscle fibre distributiznthe cause or the effect of obesity.
But correlation has been found particularly betwkggher proportion of type llb fibres
and abdominal obesity (Lillioja et al. 1987). Iretipresent study, each diabetic and
obese non-diabetic subject had waist circumferewvex 100cm; the range was up to
180cm. Thus, they had abdominal obesity which v&s seen in the amount of visceral
fat. But the proportion of type IlIb fibres was vesyall in the subject groups. Depend-
ing on the group, it varied from about 5% (DM) tboat 3% (LND). Lillioja et al.
(1987) did not classify hybrid fibres (type llalg i the present study, which could ex-
plain the small proportion of type IIb fibres iretsubject groups in the present study.
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Between the subject groups, the muscle fibre Oistion varied only at type | fibres
which produce less force compared to type Il fibBBscause also the MHC isoforms,
which are related to the contractile propertieshef muscle (Bottinelli et al. 1991), did
not differ between the subject groups, the musble distribution did not correlate with
maximal isometric force. Likely, for the same reasioe rate of force production did not

differ between the groups.

Substrate utilizationDiabetes mellitus is assumed to influence on thstsate utiliza-
tion at basal state and during exercise. Howeegulation of the oxidation of sub-
strates is not fully known. According to Oberbaclale (2006), diabetics have elevated
glycolytic and depressed oxidative capacity whiokld be due to imbalance between
muscle lipid content and enzymatic capacity. Pactiptradictory results suggest that
the oxidative enzyme capacity is decreased buglyeolytic one is maintained (He et
al. 2001). In the present study, the diabeticsigder CHO oxidation compared to the
healthy controls, which is in agreement with Obelbat al. (2006). But once again,
differences were not apparent between the diabatidsthe obese non-diabetics. It is
possible that the differences between the diabeticsthe healthy controls are caused
mainly by the lean non-diabetic subjects. Likeha energy expenditure, obesity seems
to influence more on the substrate utilization thgoe 2 diabetes mellitus alone.

Lipid oxidation in obesity and type 2 diabetes d@naffected by fatty acid transport
capacity, oxidation capacity, and fibre type pattetegree of capillarization and tissue
blood flow. Reduced lipid oxidation is most pronmben very obese subjects (BMI
>35) and obese diabetics, particularly with abdahfat distribution. (Blaak 2005.) In
the present study, the lipid oxidation did not elifbetween the study groups. From the
OND and DM subjects only four had BMI around or 1088, so it is possible that sub-
jects were not enough obese to have depressedbhdation. Or, perhaps with greater

number of lean controls, the difference would hbgen apparent.
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Amount of skeletal muscle mass affects the CHOligidl metabolism. Muscle metabo-

lism may enhance the development of obesity, oe viersa. The effect of sedentary
lifestyle is strongly linked on obesity by reducingiscle mass, muscle capillary den-
sity, substrate delivery and muscle oxidative capa¢Blaak 2005.) Therefore, could

the effect of obesity and type 2 diabetes be cosgtted, at least partly, by training even
without significant weight loss? Could good physifitness overcome the effects of
obesity and T2DM?

Substrate utilization is affected by the substeatailability, exercise intensity and dura-
tion (Maughan et al. 2005, 54). In the present\sttite exercise intensity was moder-
ate, thus emphasizing oxidation of lipids. Shontation of the test (14min) might pro-

mote the oxidation of carbohydrates. In additionihte test, the subjects walked 10min
warm-up and they reached 60% of their maximal hedé during the last minutes of

the warm-up. Thus, energy production from fattydaamight be promoted due to the
warm-up. It is possible that the various walkingest of the subjects have effect on the
oxygen consumption and substrate utilization dutirgwarm up. Substrate availability
is assumed to be normal because subjects did nabyldemanding exercises few days
prior to the eccentric bicycle test. They consurmedmal’ diet without any restrictions.

If the subjects had followed a predetermined stiiet, the differences on the substrate
utilization may have been seen. Specially, if th@grol would have been prolonged or

otherwise highly demanding.

During the energy expenditure test, the percentafe oxygen consumption
(VO2/VO2may used during the eccentric exercise did not chdrejeeen the intensity
levels within the group. V@kinetics was according to Bigland & Lippold (1954ho
found that during lengthening muscle actions oxygensumption does not change,
when tension is constant and velocity is increagad.the differences in the oxygen
consumption between the subject groups were appiarehe present study. Diabetics

had significantly higher values during both intéps$evels in absolute (I/min) and rela-
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tive (ml/kg/min) values compared to the HC. Thdeadénce between the diabetics and
obese diabetics approached statistical significantén bigger subject groups, the dif-
ference might have been seen between DM and ONB.didbetics used higher per-
centage of their oxygen consumption capacity fothbaf the intensity levels. This
might be partly due to lower proportion of typaldrés in DM. In addition, the lowered
oxidative enzyme activity in diabetics, found bytlb®berbach et al. (2006) and He et

al. (2001), could explain the phenomenon.

Muscle fibre distribution showed few trends andtiehs with energy expenditure and
substrate oxidation. High number of type | fibreselated to more active lipid oxida-
tion particularly at basal state but also at submakexercise (Turpeinen et al. 2006).
In the present study, however, such a relation nasseen. In all subjects, the propor-
tion of type llab fibres correlated negatively witle energy expenditure and positively
with the CHO oxidation during the second intentatyel of the test. Type | fibres corre-
lated negatively with the oxidation of CHO at tleeend level.

The correlations with the CHO oxidation are logivath the metabolic properties of
muscle fibres. Type llab fibres use more glucoseefeergy, and type | fibres use more
lipids. The second intensity level was more dem@gdhan the first one, but still the
intensity was moderate. Perhaps, it was enough nidimgfor the energy expenditure to
really start to utilize substrates for energyslpbssible that Ilab fibres produced force
for eccentric exercise and used less energy thadwave been needed by type | fibres
in the same exercise. Thus, a high amount of tigieflores could diminish energy ex-
penditure. Explanation could be the differencehia électrical activity of motor units
during lengthening muscle actions. In eccentridgoast less electrical activity is re-
quired compared to the concentric contractionsaddition, the motor activity is short
burst action potentials launched at equal timerwals. Because fast-twitch fibres use
more CHO as energy source, could eccentric traibimmgnore beneficial with diabetic

subjects, especially, when diabetics usually hageerfast fibres than slow ones.
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In the OND group, the data displayed a trend ofatieg correlation between type llab
fibres and energy expenditure during the seconel lesimilarly as the whole group. In
addition, type llb fibres showed positive trendiwlipid oxidation during the first inten-
sity level. Because type llb fibres are recruitdtew intensity increases (Maughan et al.
2005, 10-13) and fibres have high glycolytic enzyaasvity (Guyton & Hall 2006, 80-
81), the positive trend was unexpected. In the IHiLig these trends were changed into
statistical differences. Type llab correlated pwesly with the CHO oxidation during

the first stage.

The diabetics showed a positive trend between tipeells and energy expenditure
during the first intensity level. Because no relas were seen during the second level, it
can be suggested that during very light exerciserd¢igulation of energy expenditure is
not so well controlled. Type llb fibres use glucdse energy, so maybe the excess
amount of available glucose effects on the enerpeediture although the physiologi-
cal cost is not very high. Because eccentric egerid not so physiologically demand-
ing, it is possible that the relations would b@strer in concentric exercise or at higher
intensity level. In addition, the CHO oxidation thg the second level was negatively
correlated with the type llb fibres, and positivetyrrelated with the type lla fibres.

8.3 Evaluation of the data and methods

Subject groupsThe effect of aging is excluded from the resultsduse all the groups
had no statistical difference according to the agee groups DM and OND were
matched for anthropometrical variables. At restestanly difference was higher blood
glucose in the diabetics, as required. Therefamparing the effect of diabetes in the
exercise was easier. The LND group differed nalyrial the anthropometrical vari-

ables. Unfortunately, the small size of the sanmiplebited the comparisons with the

DM and OND. The group HC presented quite good vdoueomparing healthy and
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diabetic subjects. Often the results between theahilCthe DM showed stronger differ-
ences compared to the difference between the ONCiten DM, thus emphasizing the

effect of overweight on the physiological variables

Blood sample.The medications for different diseases influenoedthe parameters
measured from the blood samples. Blood pressurechalksterol could not be com-
pared between the groups at ‘natural state’. Diebdtad higher blood glucose, al-
though some diabetics used their medication fobeales before fasting sample for
safety reasons. Because no glucose tolerance éssperformed, it is possible that few
subjects from the OND have impaired glucose tolezafhGT) or even diabetes melli-

tus, which would cause interference to the results.

Energy expenditure and substrate utilizati@alculating variables always includes a
risk for underestimation or overestimation. Becatlse eccentric exercise was per-
formed at low to moderate intensities, the accu@Edhe equations is much better than
at high intensity exercises. Exclusion of the unynaitrogen excretion from the meas-
urements was justified with the low intensity reguoients and short duration of the

exercise.

Eccentric exercise in the energy expenditure sined quite easy to perform. Oxygen
consumption reached from 30% to 50% percent lewetdl groups. Still, the RPE val-
ues varied quite much, ranging from 7 to 18. Therage values in all groups were
around 10 and 13 during first and second levepeaetsvely. During the eccentric test
the difference between fit subjects and less fijetis was apparent. The energy expen-
diture test lasted only 14min and the intensityhaf exercise levels were not highly de-
manding. Moderate intensity was justified becauseally obese individuals do not nec-
essary exercise much so they are not able to susigih intensity exercise. Also, the
high intensity exercise includes always a healsik, rparticularly to individuals with

many risk factors such as obesity, high cholestdngh blood pressure and diabetes.
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Therefore, exercise at the submaximal level isombf a safety issue but also the results
can be better applied to practise. In addition,gbeentric ergometer used in the study
has its limits on increasing the intensity.

Muscle biopsyThere is always a debate about the reliabilitthefmuscle biopsy. Sam-
ple size is small compared to whole muscle magkeoin. vastus lateralis. But the bi-
opsy procedure is widely used and contains a latabde information of the body’s
functions. Muscle biopsy was collected by an exgered physician, which enhanced
the reliability of the samples in the groups. Filbyping was performed by one re-
searcher, so the criteria for different fibre type=re similar. For the typing, at least 200
cells were counted which should give a reliablelltes

8.4 Conclusions

1) Energy expenditure during eccentric exercissingilar in obese and diabetic sub-
jects; although at rest state Bitz et al. (2004)eh@ported higher EE in diabetics. Obe-
sity influences more on the energy expenditure tthiabetes mellitus probably by the

regulatory mechanisms of energy metabolism.

2) Lower percentage of type | fibres in the diateeis reflected as the higher oxidation
of CHO for energy compared to the healthy contrbisaddition, the diabetics used
higher proportion of their oxygen consumption cagyaahich could be a sign for in-

creased glycolytic enzyme activity. These varialdesld partly explain the subjects’

sensitivity to develop type 2 diabetes mellitus.

3) Eccentric exercise could provide a safe exentisede for subjects with low exercise
tolerability due to its low impact on ventilatiomdh heart rate. Motor activity pattern
during eccentric exercise could enhance the oxidaif CHO, which is important espe-

cially for the diabetic patients.
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The field of research related to type 2 diabeteBitoeis wide. Further studies could
concentrate on the lean and the obese diabetiag Wénld the body composition influ-
ence on the energy metabolism when diabetes ali@amys? The role of muscle fibres
is also interesting. Is there a difference in thesate fibre distribution between the lean
and the obese diabetics and how is it shown irstistrate utilization? The prevention
of diabetes is one of the biggest challenges irldwerde. Effect of physical activity is
known to be crucial in the prevention of diabefdserefore, more research on the resis-
tance and endurance training and its influencesgsired. The role of every day activ-

ity compared to training intervention should alsodaldressed.
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10 APPENDICES

Appendix 1: Written consent

SUOSTUMUSLOMAKE

Ylipainoisuuden/2 tyypin diabeteksen vaikutukskafisolujakaumaan seka energianlah-

teiden kayttoon levossa ja rasituksessa

Tutkimuksen toteuttaja: LIKES-tutkimuskeskus jaskylan yliopisto, likkuntabiologian
laitos

Vastaava tutkija: Heikki KainulainerT, professori, Jyvaskylan yliopisto, liikuntabio-
logian laitos

Lisatiedot tutkimuksen osalta: Riikka Kivisto, lijlo (040-5872015) rimakivi@jyu.fi

Laki la&ketieteellisestd tutkimuksesta (488/1939%kita tasmentava asetus (986/1999)
edellyttavat, etta tutkimuksiin osallistuvat koekidit ovat tietoisia tutkimuksen kulusta
ja eri mittauksista, seka niihin liittyvista hyodté ja mahdollisista riskeistdoehenki-
I6iden tulee olla vapaaehtoisia ja heilla on oikeukeskeyttaa tutkimus niin halutes-

saan.

Taman tutkimuksen paapiirteet kayvat ilmi liitteenbevasta koehenkildtiedotteesta,
jonka lukemisen vahvistatte allekirjoituksella. @keSuomen sairaanhoitopiirin eetti-
nen toimikunta on antanut tdmén tutkimuksen swaonitesta puoltavan lausunnon
30.05.2007.)
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Halutessanne voitte keskeyttdd mittaukset taigdakin osan valiin ilman erityista

syyta. Panoksenne tutkimuksellenne on kuitenkitiéami tarked ja toivomme, etté olisit-

te valmis kaikkiin tutkimuksen mittauksiin.

Naitd samansisaltoisia asiakirjoja on kaksi kappmlgoista toinen jad koehenkildlle ja

toinen tutkijalle.

Olen selvilla tutkimuksen mittauksista ja niihiityivista riskeistd. Minulla on ollut

mahdollisuus esittaa mieltani askarruttavia kysysika olen saanut niihin minua

tyydyttavat vastaukset. Osallistun mittauksiin \sgdaoisesti. Tutkimustuloksiani

voidaan kayttdd tutkimusraporteissa osana keskerta muita tunnuslukuja, tai

tunnistamattomina esimerkkeina yksittaisista havaista.

Jyvaskyldssa / 200

Allekirjoitus

Syntymaaika

Osoite

Nimenselvennys

Yhteyshenkilo tutkimuksen aikana

Puhelinnumero

Vastaanottajan allekirjoitus

Puhelinnumero

Riikka Kivisto
040-5872015

Nimenselvennys




Appendix 2. Health questionnaire

\o- LIKES

Lihasharjoituslaite 2004/
TERVEYSKYSELYLOMAKE

Testauksen turvallisuuden kannalta on tarkeaa, ettd tiedamme mahdollisista
sairauksistasi, oireistasi, elintavoistasi ja liikuntatottumuksistasi ennen kuin testaamme

Sinut.

Nimi:

Osoite:

Synt.aika:

Ole hyva ja vastaa seuraaviin kysymyksiin huolellisesti!

Liikunnan harrastus:

Laji Ei Joskus | 1-2 3-4 krt/
lainkaan krt/vko | vko

yli 4

krt/vko

Keskimaarainen
kesto (min)

Kavely

Juoksu

Pyoraily

uinti

Palloilu

Kuntosali

Aerobic/jumppa

Tanssi

Talon tyét

Asumismuoto

Omakotitalo

Rivitalo

Kerrostalo kerros Kuljen ___ portaita ___ hissilla

Oma kuntoarvio: [ heikko O valttava O keskitasoinen

Oireet viimeisen 6 kk aikana: kylla

1. Onko Sinulla ollut rintakipuja?

2. Onko Sinulla ollut rasitukseen liittyva poikkeavaa
hengenahdistusta?

3. Onko Sinulla ollut huimausoireita?

4. Onko Sinulla ollut rytmihairidtuntemuksia?

5. Onko Sinulla toistuvia, liikkumista haittaavia selkakipuja?

ei

O hyva 0[O erinomainen

en osaa sanoa
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6. Onko Sinulla toistuvia niska-hartiaseudun kipuja?

7. Onko Sinulla toistuvia likkumista haittaavia nivelkipuja?

Missa niveliss&a?

9. Oletko tuntenut poikkeavan voimakasta uupumusta

likkuessasi? (esim. jalat ovat valahtaneet voimattomiksi.)

10.Aiheuttaako fyysinen rasitus Sinulle usein paéanséarkya?

11.0nko l&hisuvussasi veritulpan saaneita?

Kuka ja miss& iassa ensimmainen kohtaus on iimennyt?

Laadkarin toteamat sairaudet: Onko Sinulla tai onko Sinulla ollut jokin/joitakin
seuraavista? Rastital

O sepelvaltimotauti O sydaninfarkti O kohonnut verenpaine O sydanlappavika

O aivohalvaus O aivoverenkierron hairiita O sydamen rytmihairid O sydamen tahdistin

O katkokavely O sydénlihassairaus O syva laskimotukos O muu verisuonisairaus
O kr. keuhkoputkentulehdus O keuhkolaajentuma O astma O muu keuhkosairaus
O allergia O kilpirauhasen toim.h&iri¢ O diabetes O anemia

O korkea veren kolesteroli O korkea veren sokeri O nivelreuma O nivelrikko, -kuluma

O krooninen selk&sairaus O mahahaava O pallea-, nivus-, tai napatyra O ruokatorven tulehdus
O mielenterveyden ongelma O kasvain tai syopa O leikkaus askettain O tapaturma askettain
0O matala veren kalium- tai magnesiumpitoisuus O kohonnut silmanpaine O n&odn tai kuulon heikkous

O muita sairauksia tai oireita, mita?

Lisatietoja:

Saannollisesti kayttamani ladkkeet ja annostus:

Tupakointi: O Ei O Kylla [0 Satunnaisesti, maara:

Alkoholin kaytto viimeisen 48 tunnin aikana: O] Ei O Kylla

Kuumetta, flunssaista oloa tai muuten poikkeavaa vasymysta

viimeisen viikon aikana ennen testia: L] Ei O Kylla

Olen ymmartanyt testaukseen tarkoituksen ja siihen liittyvat riskit. Lisaksi olen saanut
riittavaa ennakkoinformaatiota testeista ja suostun suorittamaan testit omalla vastuullani.
Allekirjoituksellani suostun myds siihen, ettd henkildtietoni seka testitulokseni saa tallentaa
LIKESin tietojarjestelmaan.

Kasittelemme antamasi tiedot luottamuksellisesti.

Jyvaskylassa _ / 200_




