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3. Summary

Muscle strength, which is reduced in patients undergoialggils, is also associated with a loss of muscle
mass. One reason for this loss of muscle mass is a disturbed balance betweesyorbiessand protein
breakdown which occurs in relation to renal disease and dialysis treatrhemt. muscle strength ka
implications in terms of impaired physical function related to daily living.

Hence the aim of this study was to investigate the effects of strength training in patients undergoing dialysis
and furthermore to investigate if potential effeatsild be impioved by protein supplementation in relation

to trainingsessions

Patients undergoing dialysis at Frederiksberg Hospital, Rigshospitalet and Hillerad Hospital were invited to
participate in the study. To be included in the study the patients had tol@det& years of age, to have
been undergoing dialysis for a minimum of three months and to be able to complete the gragnagme
Patients were not included if they had severe neuropathy, amputation of a leg, diipetiathy dementia

or were unhle to speak Danish.

The patients were tested before and after 16 weektol period and again afte6 Wweeks of strerth

training three times a weeBefore the training period the patients were randomly assigned to one of two
groups, one ingesting aqtein drink the other a ngprotein drink in relation to every training session.

The trainingprogrammeconsisted ofive minutes of warrrup followed by three higload exercises; leg
press, knee extension and knee flexion.

The outcome measurements weraltherelated quality of life, physical performance, muscle strength,
neuromuscular function, insulin sensitivity and size as well as type composition of muscle fibres.

Forty-one patients were included in the study. During the control peviglat patientsdropped out and
during the training periodour patients dropped out. Nore# the dropouts were related tmmplications
associated with the trainipyogramme

During the control period the measured variables remained unchanged. After the peigiragme health

related quality of life, physical performance, muscle strength, neuromuscular function and insulin sensitivity
were found to be improved. The size of muscle fibre types 1 and 2 were unchanged, but within type 2 fibres
the subtype 2X increased. dkffects of training were not associated with the source of energy supply.
Strength training improved muscle strength even though only a modest rhygelérophywas noticed. The

effect on muscle strength may therefore mainly be related to an impnauesimuscular functionThe
positive effect on insulin sensitivity may be important in the prevention and treatment of type 2 didimetes.
reason for the lack of effects of combining protein intake with training may be due to an insufficient amount
of protan in relation to the diseagelated chronic protein breakdown.

In conclusion, strength training in patients undergoing dialysis is associated with improvements, which have

relevant implications for physical function and a better utilization of insulin.



4. Dansk resume (Danish summary)

Patienter med kronisk nyresvigt behandlet nekdlyseharforringet muskelstyrke, som blandt andet skyldes
tab af muskelmassé&n arsag til tabet af muskelmasseneginglende balance melleproteinsynteseng
proteinnedbrydnig, somer pavirketaf en reekke sygdomsrelaterede faktorer. Med aeditmuskelmasse
og muskelstyrke falger en forringet fysisk funktion relaterdtv#rdagsaktiviteter

Formalet med mjektet, der ligger til grund for denne afhandlingar at undersggeffekten af styrketreening
hos patienter i dialysebehandling og at undersgge om en eventuebtfiekiraget ved aindtageprotein i
forbindelse med treeningen.

Patienter i dialysebehandling pa Frederiksberg Hospital, Rigshospitalet og Hillerad Huepifaviteret il
at deltage i projektetnklusionskriterier vaover 18 ai alder, dialyséehandling minimum tre manedeog
en tilstand der gjorde det muligat falge treeningsprogrammetksklusionskriterierne varsveer
polyneuropati amputation pareunderekstremitetdiabeisk retinopati demens ellemanglende forstaelse af
dansk sprog

Patienterne blev testet far og efter 16 gd@mtrolperiodesamt farog efter 16 uger medtyrketraening tre
gange om ugerinden treeningsperioden blpatienterneandomiseret til indtag afn proteindrikmed 9,4 g
proteineller enenergdrik uden protein forbindelse med traeningen.

Treeningsprogrammdtestod af fem minutters opvarmning efterfulgt af tre gareined hgj belastning: Ben
pres knaeekstensiorog knaeflekgon. Traeningsintensiteten blev gradvist ggggeningsperioden.

For og efter kontrel og traeningsperioden fik patienterne mé#hvurderet helbredfysisk funktion,
muskelstyrke, naromuskuigerfunktion, insulirsensitivitetog stgrrelsesamt fordelingaf muskelfibre
Enogfyrre patienter blev inklwdet i projektet, otte udgikkontrolperioden og fire udgik i treeningsperioden.
Ingen patienter udgik pa grund af komplikationer relateret til treenirigkontrolperioden var demgen
gendring af testresalerne. Efter treeningsperiodear der forbedring af peanternesselvvurderede helbred,
fysiske funktion, muskelstyrke, oemuskuleer funktion og insulisensitivitet Andelen af type 2X
muskefibre blev reducerebg garrelsen pdype * og type 2muskefibre var usendretTraeningseffekten var
ikke afhaengig afom patienterné forbindelse med traeningdik proteindrik eller drik uden protein
Styrketraeningen forbedredenuskelstyrke pa trods af en begreensetikelhypertrofi Effekten pa
muskelstyrke var déor primaert relateret til forbedringerdiet neuromuskuleere systembDen positive effekt
af insulirsensitiviteterer vigtig i forebyggelse og behandling af typeiabetesArsagen til at der ikke var
nogen effekt af at supplere treeningen med protein kgldes for lille maengde indtaget protein aggden
ggede proteinopbygning ikke overstsn grundlaeggende sygdomsbetuigeroteinnedbrydning.
Konklusionen pa undersggelsen at styrketreening til patienter i dialysebehandling er forbundet med

forbedringe, der er relevante fdysiske funktionog for bedre udnyttelse af insulin.



5. Introduction

During the last decade the number of patients withstage renal disease (ESRD) undergoing active renal
replacement therapin Denmarkhas increased by 38% fro®406 in 2000 to 4708n 2010 (Dansk
Nefrologisk Selskab 2011)The underlying reason for ESRD is most often unknown (26Phe
predominant individual disease leading to ESRD however is type 2 diabetesfollowed by
hypertensive/vascularephropathy glomerulonephritis and othe(Dansk Nefrologisk Selskab 201Ihe
paients are treated with maintenance dialysis or kidney transplantation. Dadatk of organs for
transplantation and the patients’' donogrdeie andrgaheal t I
transplant and therefore undergo chronic dialytn 2010,a total of 2011 patients were treated with
haemodialysis (HD) and 544 with peritoneal dialysis (PD) in Denmark.

Patients undergoing HD or PD are suffering from a long list of comorbidities and experience limitations in
their daily lfe due tothe chronic disease and the ongoing treatnffaisted et al. 2007)Some of the
limitations areimpaired physical performancelependence romedical staff, reduced ability to travel,
restriction of fluid intakeas wellaslimitations ofthetype of foodconsumed so a@e be in accordance with a
diet containing reduced phosphate and potassiulme p at i ealated guality efdife (HRQOL) is
significantly impaired compared to the general populatidalsted et al. 2004afurthermore, the dialysis
treatment as well as treatment of comorbiditiesxpensive, putting a pressure on the health care system
(Sundhedsstyrelsen 2006) addtion to that patients undergoing dialysis havenigh mortality rate of 23.0

per 100 person years and 15.5 per 100 person years for HD and PD, resp@ainekyNefrologisk Selskab
2011)

If this was not enoughheése patients suffer from fatigue, which together with reductions in mental health
(Molsted et al. 2004ajnay further reduce the motivation to be physisalactive Therefore it is not
surprising thatow levels of physical activity among thepatientshave beendocumentedBrodin et al.
2001, Johansen et al. 2000he low levels of physical activity in these patients may lead to a downward
spiral with a further reductiorof physical capacitylt is therefore of great importance titevelop and

improve training programmesiitablein the treatment of patientsmdegoing dialysis

6. Background

The primary task of skeletal muscle is to generate force and ultimately facilitate movement of the body. In
addition, the skeletal muscles have important metabolic and storage functions ahenmefyebe regarded

as an orgn. Skeletal muscle is highly influenced by genetic markers, but it is also a dynamic tissue in which
bothsize and structurarevery adaptable to usagkraemer et al. 1995, Putman et al. 2084d nutritional
status(PaddonrJones et al. 2006bMany pathologal stages arassociated with muscular changes affert
muscle size and structyrand ultimately muscle function and metabolighndersen et al. 2000, Campbell

& Leidy 2007, Pedersen 2011)



6.1 Skeletal muscle size and type

Skeletal muscles consist of different types of musdls alsoknown as muscldibres The fibres are
organizedn bundles andhe individualfibres arestructured inbundles of myofibrils (Bottinelli & Reggiani
2000) The myofibrik containalargenumber ofstructural anatontractile proteinghe mat abundanbeing
actinand myos. Most often various human skeletal muscle fibre types are defbpedeir content of the
myosn heavy chain(MHC) isoform since the content of a specific MHC isoform is closely relatedido t
contractile properéis of anindividual fibre (Schiaffino & Reggiani 2011, Staron 199The human skeletal
muscles contain three different M8 isoforms: The slow MHC 1 and the fast MHC 2A and MHC 3itice
the hree MHC isoformsn the individual fibrescan exist either alone dre coexpressed two at a time
muscle fibre types can lvided into two, threefive or evenmoredifferent fibre types depending on the
degree of detaibpplied (Staron 1997) If stratified into thredfibre types, ype 1 fibreshave the lowest
maximum contractiowelocity; type 2A fibres areghree to fivetimes faster and type 2X fibreseup to 10
times faster than the type 1 fibrg@sarridge et al. 1996 Certain metabolic characteristics are reldtethese
different fbre types;type 1 fibres havamainly an aerobicprofile, type 2A fibres are both aerobic and

anaerobic, whereas type 2X fibres are nyaimaerobidTable J.

Table 1. Important characteristiaa the muscle fibre types.

Characteristic Type 1 fibre Type 2A fibre Type 2X fibre
Contraction velocity Slow Fast Very fast
Capllary density High High/medium Medium/low
Mitochondria density High High/Medium Medium/low
Aerobic enzymes High High/medium Low
Anaerobic enzymes Low Mediumhigh High

Muscle fibre types have differenharacteistics and the type distribution in the skeletal muscle is associated with physiological
capaities. The Tabe is based opreviouspublicatiors (Bottinelli & Reggiani 2000, Harridge et al. 1996)

Muscle fibre composition differs betweére differentskeletal muscles in the bodihe soleus muse has
75-80% type 1 fibreend20-25% type 2A fibres and often no type 2X fibraakingit relatively slow but of
high endurace On the other handhe triceps brachihas only 8% type 1 fibreqpersonal communication
Andersen, JL)making it a fasmusde but with less enduraze Many studies have investigatéde human
vastus lateralis muscland data showsnaverage muscle fibre compositioharound50% type 1 fibres and
50% type 2 fibres, but with considerable variationbétween individualgLexell et al. 1983) The relative
amountof type 1 fibres is stable at least on a short term basis, whereas the composition of styptypAs,
and type 2X are more dynamic and largely depenchoscle usagdt is generfly accepted thathe relative
numberof type 2X fibres is dowsnegulated by physical activity and-uggulated by physical inactivity with
a corresponding upegulationand dowrregulationof type 2A fibredAnderse & Aagaard 2000)



The size ofindividual muscle fibres is determined bythe crosssectional area (CSA)Like fibre type
distributionthis varies inbetween individualsin addition, muscle fibre size also affected by usagéhus
strength training wilresult inmuscle hypertrophy whilst inactivity will result in muscle atrogfRaddon
Jones et al. 2006a, Fry 200&jbre sizealsochanges througbut life, increasingrom birth until the @e of
20-30 yearsFrom here on andntil aroundthe age of 60 yeanly minor age relatediecreasgin fibre size
areseen In the last phase of life the muscle fibre size is affestagtrelyby an accelerated atrophyl.he
general age relateduscle filve atrophy, often ferred to as sarcopenia, can not be avoided as such, but can
be counteracted by strength training actiyiyndersen 2003Muscle fibre size also dependn gendeand
during adolescere fibre dze in malesincreases more than in femaldésading to male having a larger
muscle mass than femalesadulthood Finally, variouspathologystages arassociated with muscle atrophy
(Kim et al. 2008, Lunde et al. 2001, Molsted et al. 20a#pphy that in some diseasway be counteracted
by muscle usage

Not onlyis the general fibore CSAffected durindife, the ratio betweeslow type 1 andasttype 2 fibres
sizeis alsoaffected At a younger age type 2 fibres as a genaubd have alightly largerCSAthan the type
1 fibres which is more pronounced in males than in femaléish increasingage there isa progresson
towardsa shiftin this ratio, consequently in oldaruscle achanged relation bewen type 1 and type 2 fibres
areais seen, resulting in the type 1 fibres havangignificantly larger CSA than the type 2 fibr@sdersen
2003) Combined with a gradually accelerggiloss of muscle fibres in general in old aiips leads not only
to a weaker but also a slower mus@®lpi et al. 2004) A somewhat similaphenomenon is also evident in
somepathologicakcondtions andmay befurtheraccelerated by muscle disuéeinde et al. 2001)

6.2 Muscle strength

Muscle strength isighly correlated withmuscle mas¢Fry 2004)andsince nuscle mass changes through
life sowill muscle strengtidecline with aging This progressive decline towardanagerelatedloss of
muscle mass and strengthn not be avoideds suchbut can be counteracted by strength trainMgscle
strength caralsobe affected by pathologicalagies(Kim et al. 2008, Lunde et al. 20Q19nd adecrease in
muscle strength iassociated witla loss of physicaperformancelLow physicalperformancemay lead to a
further decreasi physical ativity followed by not onlyincreased riskof falling, but also an increased risk
of metabolic disease€ombined, those cdaadto a downward spirahcludingan increasedheed for public
health caree.g. personal assistance in daily living.

Muscle stength is also dependent on neuromusctilenction Neuromuscular function is most often
estimated by surfaceleetromyography (EMG) An EMG recording during a muscle contraction will
comprise the sum of action potentials of the activated muscle fibres, Sttuln data represents a complex
outcome of motor unit recruitment and firing rate. Indeed E8ighal amplitude has been shown to be

increased in parallel witimcreasednusclestrength(Suetta etll. 2004, Aagaard 2003Besidesan increase



in EMG amplitude, muscle strength may also be associated witproved synchronizedmotor unit
recruitment(Harrison et al. 2012)Thus, one can expect that an incremsmuscle fibre area, in particular
fast fibres, and an improved neuromuscular functidh rgsult ina more rapidate ofmuscle contraction
also known aghe rate of force developmen{RFD) (Aagaard 2003)Higher RFD may have important
implicationsfor physicalperformancefor examplewhen a person is about to stumble, a raatd ofmuscle
contraction in the relevant muscles may countenactcaualfall.

Muscle strength can be tested in several ways. In alipiactice one repetition maximurlRM) may be
preferred since it can be testedng the same equipment #sat used to conduthe exercis€Dong et al.
2010) More sensitive tests may be carried ostng specific egipmentto testspeed and quantity of
concentriceccentricor isometiic muscle strengtfHighgenboten et al. 1988)

Even though physical performano&y beassociated witlmuscle strengthphysicalperformanceests give
a more adequatassessment dfinctiors related to daily activitiethan muscle strength teqilliott et al.
2011) Several performancedes have been developéat persondn different agegrous or in relation to
different diseasefAvelar et al. 2011)Whilst objectiveassessments of physical performanaoce important
thei n di v suthjectveegperiencas also relevanand selfrated physical function has d@me a natural

part of outcome measurememslinical trials (Elliott et al. 2011)

6.3 Strength training

Strength trainig is the prefeed training regimen to increasmuscle strengti{Fry 2004, Andersen &
Aagaard 2010)An increase inmuscle strengthafter strength training is associated whbth muscle
hypertrophy and improved neuromuscular functigtekkinen etal. 1985) Strength training can be
conducted with various loads, contraction speadspber ofsets, rest periodsetween s and range of
movements in the jointsall parameters potentially affecting the outcome of the traiflglersen &
Aagaard 2010) Muscle hypertrophy is in general most pronounced after-loigth strength training,
involving loads not greater than 12R{#ry 2004) In general, there ialinear correlatio between the load
in terms of percentage of 1RM and relative muscle hypertr@ptyy2004) This is truebothfor type 1 and
for type 2 fibres, but the relative hypertrophy correlated with percentage of 1RM is gieatgre 2 fibres
compared with type 1 fibre@-igure 1) A hypertrophy of the type 2 fibres of 0% (somewhat less for
type 1 fibres)within a three month period is not abnormal in young untrained healthy subjects after strength

training programmes inatling high load exercis@Andersen et al. 2000)

1C



Figure 1. Muscle fibre hypertrophy correlated to strength trainingdoad
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Simplified correlation between percentage of 1RM in stremigtiming programmes and hypertrophy in type 1 and type 2 muscle
fibres. The greatest relative hypertrophy is noticed in type 2 fibres. Inspired by Fry AC (2004).

An increase in msclestrengthasis typicdly seen duringhe early phasef a strength tiaing programmes
mainly due to improved neuromuscular functigkagaard 2003)wheeas a detectable increaseniniscle
fibre CSAis evidentduringthe later stages.

Muscle hypertrophynducedby strength trainingnvolves anincreased protein synthegisee section 6.4)
Even though strength training also indsigerotein breallown, protein synthesis eseds theprotein
breakdownleading to an accumulation of muscle tissStrength traininginduced increasein musck
protein synthesiseemto be most pronounced in the fifstur hours post trainingwhereprotein synthesis
may show a three to fourfold increase(Burd et al. 2010, MacDa@all et al. 1995, Kumar et al. 2009)
Moreover,it has been proposed $till be doubled 24 hours after a strength training sessidnetainabove
pre training valuefor up to 48 hours after a strength training ses@amar et al. 2009)

A major part of the studies on post training muscle protein synthagdeenconductecon healthy young
men but other experiments have shown that protein synthesis is affected by age andKemderet al.
2009) Thus, myofibrillar post training muscle protein synthesis is redueél aging andin additionit has
been proposed that there may be a minor reduttiprotein synthesig young females compared to young
men(Kumar et al. 2009)Furthermore, he influence ofgender may increase in older age showing a further
muscle proteirsynthesis ratdecrease in older females compared to older ({f[damar et al. 2009)

Muscle protein synthesis is associated with the intedityhe strength training, but is seems to reach a

plateauat 60% of 1IRM(Kumar et al. 2009)Thus, the correlation between strength training load and muscle
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hypertrophy may be associated with a prolonged synthesis period wheaitinggtis conducted witloads

above 60% of 1RM

Improved neuromuscular function after strength training consists of an increased motor neuronal output that
may involve increased fing rates, increased motor neuron excitabidgcreased pregynaptic inhibitionand

a downregulation of inhibitory pathwaygHenneman et al. 1965The neuromuscular ad@tions after
strength training can bestimated using EMGsince the EMG signals reflespatial and temporal summation
(Harrison et al. 2012)ndeed goreviousreview documentsicreased EMG amplitude after strength training
(Aagaard 2003) Moreover, amplitude representsthe inphase activated motor units. Thusnpditude

changes aftestrengthtraining may be due to increasembtor unit recruitmentor improvedsynchronization

of existing activemotor units.Finally, increasedEMG amplitude after strength training has been noticed in

parallel with an improved RFD, whidiasimportant implicationgor daily physical function.

6.4 Amino acid metabolism

Strength traininginduces muscle protein synthesileading toincreagd muscle massFor muscle protein
synthesisessential amino acid®\A) are crucial and they aresually absorbed fromngestedmeat, milk,
egas, beans and pulsé®/alker et & 2011, Gropper et al. 2005)

The majority of theAA’ sabsorbed intdhe systemiairculation are transportedd the liver which is the
primary sitefor AA metabolism. From the liver th®A’ aredistribuedin the body, where they are used in
protein gnthesis,in cataboliation or in thereciraulating free AA pool. The AA’ sre needed irthe
construction ofseveral proteinsdeteminedat the cellular level according tariousfunctions(enzymes,
peptide hormones, transport progimmune proteinsgonnective tissue and contractile proteifGjopper
et al. 2005)A great amount othe AA’ &aving the liver dsoas branchedhainAA’ ghich are needed
for the contractile proteirtonstructio (Gropper et al. 2005)

The protein intake recommendation to the general populatioB iger kilo body weight per day and a
nutritionaly balancedsituationonly asmall proportionof the AA’ sre used asraenergy sourceProteirs
are constantly beig broken down in the bodyand resynthesized so calledprotein turrover. Thus, there
exists a far greater body pool of proteins beside
During protein turrover not allAA’ are reused angbmeare excreted as urea primarily in the anta the
kidney, which has a crucial role in urea disposihe glomeruli in the kidney act asfilter to the plasma
removing plasmarrea tothefiltrate. Somealbuminpas&sthe glomeruliand entershe filtrate butthose are
typically reabsorbed in the proximal tubular celghilst the tubularcells are permeable to albumin this is

not the case for urea, whichrist reabsorbe(seeFigure 2)
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Figure 2. General overview odmino acid metabolisrtanabolism/catabolisnih the body.
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Ingested proteins are absorbed as proteins, peptid®s’omcrossheintestineandinto circulation. The liver ighe primary site for
AA metabolism. Th&A’ are tansported to where they are needednabolism or catabolisrithe kidneg produceurinein which
AA’ may be excreted’he figure is basedn Gropperand colleague&0095.

A daily protein intake ©0.8 g per kilo body weighmay be enough to increase suole strength and induce
muscle hypertrophy after strength trainiig order to achieve sudm effect thetotal energy intakenust
comply withenergy expenditure. If the energgtake is insufficient circulatindhA’ sr stored proteisare
used asnenegy source and this diminissthe potentiafor musclehypertrophy Besides building muscle
mass proteins ar@so essential for hormone synthesis, many of walsb play a role in training adaptations
(Gropper et al. 2005)
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6.5 Strength training and protein supply

Whilst strength training increas@suscle protein synthesisefsamas also true for protein intak@therton

& Smith 2012) OnceAA’ s Ibeewabsobed there follows period whenncreased protein synthesss
induced In general, 30 min aftgroteinintake muscle protein synthesis in increaedefold and it peaks
after 90 min.Two hours after ingestion dbod muscle protein synthasreturrs to baseline, despite an
elevatedAA concentratior{Atherton & Smith 2012)Amino acidabsaption depeds on the intaksource of
various proteinsand AA’ $rom whey areas an examplenore rapidlyabsorbd compared tdhose from
casein(Tipton et al. 2004)Amino aciddrom caseimmay on the other hangive a longer period of increased
protein synthesis compared tmat observed after whey intgkghen whey or aseinprotein s ingested by
healthy persongTipton et al. 2004)

During the last decade there has been an increased focus on the effects of suppleneégitisglongside
strength trainindCampbell & Leidy 2007, Phillips et al. 2005, Tang & Phillips 200%e idea is to utilize a
synergistic situation where protein synthesis is stimulated by strength trainidghamgtake At rest potein
breakdown is rather stable, whilst protein synthesis is high after food intake and low in a fasting state
(Campbell 2007)During a period with a moderate level of physical activity and sufficient energgeinta
there is a nebbalance between protein synthesis and protein break{@ampbell & Leidy 2007, Campbell
2007) When astrength trainingession is conductegrotein synthesis and also iot breakdown increases
and T the strength training is conducted in a fasting situati@pending on the fasting time franpeotein
breakdown exceeds protein synthe@ampbell 2007) If the strength training isombined with energy
intake, protein synthesis exceeds protein breakdown, evidently leadimgstde hypertrophyPhillips et al.
2005, Tang & Phillips 2009, Campbell 200 Energy intake increase the insulin levelleading to a
decreasg protein breakdown and therelfyrther improves the training inducednet protein balance
(Atherton & Smith 2012)Protein synthesisnduced by taining is most pronounced in the hours after
training and it has been proposed thadteinsynthesis reaches a higher leveir&ining is conductedt the
same time aa proteinintake resulting in a synergistic effgéismarck et al. 2001, Levenhagen et al. 2001)
Even thoughhe timing of additional protein tstrength training seems to be important, the synergistic effect
of strength training and protein supply muscle protein synthessll exists 24 to 48 hoursafter a training
sessionAtherton & Smith 2012)which may explain why muscle hypertrophy ocafiter strength training

programs without protein intake immettly after the training ssion
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Figure 3. Protein turnover during protein intake and physical acti

Relative protein turnowvt

Resting + fasting Resting + protein  Strength training +  Strength training +
intake fasting protein intake

B Synthesis® Breakdown

Whenarestingperson goes from fasting legestingproteirs then protein synthesis increasevhilst protein breakdowis rather
stable. Wherafasting person goes frorestingto conducting strength trainirgpth protein synthesis and also protein breakdown
increase. In addition the training induced protein synthesksltagger than the training induced breakdown. Finally, when strength
training is combined with protein intake the effect on protein synthesiaésgistic whereas only a smaliange is seen in protein
breakdown The figure is based on Campbell & Leidy (2007) and Atherton & Smith (2012).

Studies on healthy persons halewn positive effects on muscle strength and muscle hypertrophy when
combining strength training and timed protein intake(Esmarck et al. 2001, Levenhagen et al. 2001,
Andersen et al. 2005Pnestudyshowed25% hypertrophyin type 2 fibresvhenarelativdy low amount of
proteins(10 g wasgiven in relation tcstrengthtraining three times per week for 12 weefssmarck et al.
2001) In anotherstudy50 gof proteinin relation tostrength training threerties weeklyover 14 weeksvas
associatedvith a 26% increaseén type 2 fiboreCSA (Andersen et al. 2005)n addition to this, it has been
confirmed that the timing of the protein intake in relation to exercise poritant (Esmarck et al. 2001,
Levenhagen et al. 2001)

Even thouglone study showed positive effects of combining protein intake with strength training in older
subjectg Esmarck et al. 2001jhe evidence for this effect especially among older persaiseendebated
(Campbell & Leidy 2007)Thus it is difficult to draw conclusions about desesponse effectef timed
protein intake in relation to strength trainirkgpwever,it is important to note that relatiiyesmall amounts

of proteins have been associated with increased muscle protein synthehist ansignal effedtom protein
intake seemso be more important than the protein dosevhich mayexplain whysufficient daily protein
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intake during a strength training programme is associated with increased muscle strength and muscle
hypertrophy(Atherton & Smith 2012)

6.6 Muscle glucose uptake

Skeletal muscle plays an import metabolic role in the regulation of blood glucose homeostasis in term of
glucosedisposaland it is the primary site gfost prandialglucose uptak€DeFronzo& Tripathy 2009)
Besides the skeletal musclhat tissue and the liver will uptake redundant blood glucegech may be
transformed to fatissuewhen theglucoseamount exceeds a certain leyBleFronzo & Tripghy 2009) In
muscle glucose issynthesized andstored as glycogemwhich is usedas glicosein aerobic and anaerobic
processes.

Blood ducosehomeostasis is regulated by insulin and glucagéevated tood glucosetriggersinsulin
release, which stimates blood glucosauptake iio the muscleMuscular glucose uptaks alsostimulated

by muscle contractionger seandthe glucose transporter 45LUT4) is the primary glucose transporier
the cell membrane. In additiprglucose uptake capacity in musé@ dependson capillary density,
mitochondrial functionmuscle fibre type composition and a complex system of intracefiatamwaygDela

& Kjaer 2006)

If the increased blood glucose is not normalized by the insudjporese hyperglycaemia is inducdde to
impaired sensitivity to insulinThis impaired insulin function is known as insulin resistance (IR). If the
fasting and/or the postprandial blood glucoszease taertain leved the condition is cagorized as typ 2
diabetes(Expert Committee on the Diagnosis and Classification of Diabetes Mellitus .2D&3Hin
resistance may be associated with genetic markerg s also induced bphysical inactivity andbesity
especially in terms of visceral adiposity and liver fat depositizerronzo & Tripathy 2009)Furthemore,
systemic inflammation and dyslipidaemia are dtey players in the development of or at least strongly
associated with IRPedersen 2011, Colberg et al. 2010)

The muscular glucose uptake capacityussially estimated by the euglgemic hyperinsulireemic clamp
technique or the oral glucose tolerance testhe clamp technique, glucose is infused to mairdaitasma
glucose concentration in response to a fixed insulin level. This technique reflectsilprifmarskeletal
muscle glucose upke and is considered to tee gold standard for measuring insulin actiarvivo. From

the oral glucose tolerance test the Matsuda insulin sensitivity ifi8x(Matsuda & DeFronzo 1999nd

the homeostatic modelksessmer{HOMA) insulin resistancéLevy et al. 1998, Matthews et al. 198%n

be derived. Whilst the Matsud8l includes fasting and also post prandial blood glucose and insulin values,
the HOMA modelis basedsolely on fasting blood glucose and insulin valu§/cemic controis measured

by fasting blood glucose or more precisely dlycosylatedhaemoglobin (HbAlg)which reflects glucose

bound to haemoglobiGslycosylated haemoglobieflects therecent 812 weeks blood glucose leveladin
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patients with type 2 diabetes it &ssociatedvith the relative risk for complications related tdiabetes
(Stratton et al. 2000)

Insulin resistance and tyf2ediabetesireassociated with an increased relative risk for medical complications
including mortality (Stratton et al. 2000)The complications are related to micand macroangiopathic
damageincluding cardiovasular disease. Whilst IR is induced by physical inactivity, physical activity is a
recognised intervention in the prevention against ianthe treatment of IR.Aerobic training increases
insulin sensitivity and has traditionally been recommended as @& ébriceatment due to primary activation

of type 1 muscle fibres, which are more insulin sensitive than type 2X f{i@son et al. 2011)
Furthermore,aerobictraining increase muscle capillary density which isssociated with better insulin
sensitivity. In the last decade there has been a growing interest in the effects of various types of strength
training, which has been shown to be effective on IR and glycemic control in patients with type 2 diabetes
(Colberg et al. 2010, Gordon et al. 2009, Umpierre et al. 2011, Eves & Plotnikoff. 20@&3tudy showed

that even two strength training sessions weekly duit§ week periotmproved insulin sensitivity in older

men with type 2 diabete@banez et al. 2005and achieved effects may at least be maintained by two
strength training sessions weeki@ordon et al. 2009)Whilst the effects oherobictraining on insulin
sensitivityareassociated with increased capillarity, this may not be the case after strength training in which a
mass effect due to muscle hypertrophy has been sugd€sitiebrg et al. 2010)n addition a symphagnof
intracellular activities igmproved afterenduranceraining and also by strength trainifBela & Kjaer

2006) Thus, physical #&ining is associated with more physiological improvements in patients with IR or
type 2 diabetes. As with most other causative events the effects of physical training only exist for shorter
periods when it has been conducted and the training should bactemdegularly to maintain achieved

effects on insulin sensitity.

6.7 Skeletal muscle size and type in patients undergoing dialysis

In patients undergoing dialysigds oflean body mass is commandit has negativémplications in erms of
impaired nuscle strengttand reducedmetabolic capacityMuscleatrophymay be established even before
the need for renal replacement therapy in patients with chronic kidney disease (@iB)et al. 2010)
Thus, the umemiaper seand comorbidities related to CKiay beinvolved in muscle atrophyJusclemass
lossmay also have implications in termsin€reasednortality risk andit has been proposed thatpatiens
undergoing PDlean body maswastingwas associated witmortality (Dong et al. 2008)Muscleatrophy
prevention is therefore an imparit target in clinical practiogrice et al. 2010)

Only a few studies have analyzed muscle fibre amsitipn and muscle fibor€SA in muscle tissue from
biopsies obtained in patients undergoing dialy$lsee studiesvhich determired fibre type composition
from patients wundergoing di al y sanafysisof MHQ iso®ms fory ATP’

muscle biopsies obtained in the vastus lateralis muscle can be foundliterdtare (Molsted et al. 2007,
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Fahal et al. 1997, Kouidi et al. 1998)ne study showed a nornmaéanproportionof type 1 fibres of 55%n

seven patients undergoing HOKouidi et al. 1998) In two other studiedoth including 12 patients
undergoing HDremarkablylow proportionsof type 1 fibreq(35% (Fahal et al. 1997and 31%(Molsted et

al. 2007) were reported. In one of these studies, 25% of the patients expressed less than 15% type 1 fibres as
determined byMHC isoform conten{Molsted et al. 2007)This remarkablylow relative number of type 1

fibres seems to be supported by rodent data. Thus, in a stuslybtotally nephrectomisegraemic rats
compared to healthgham operatedats, a significantlylower proportion of type 1 fibres was found
determined byVIHC analy®s (Taes et al. 2004)

In two of theafore mentioned studies on patients undergoing dialysis, a relativelygesgertionof type

2X fibres (~ 30%) were observedMolsted et al. 2007, Fahal et al. 199This relativdy high numberof

type 2X fibres in patients undergoing dialysis f
(Brodin et al. 2001, Johansen et al. 20B0®)wever, everwhentaking the inactivity of these patients tm

account, the relative low proportionof type 1 fibres could very well bmfluenced bythe pathological
conditionimposedon the skeletal muscl&hus the observedchangesnay not only reflect disuse.

In the three studiesf muscle fibre sizén the vastus lateralis musdle patients undergoing dialysithere

has been reported a reduce8A of type 1 as well as type 2 fibréMlolsted et al. 2007, Fahal et al. 1997,

Kouidi et al. 1998)Picturel). This reductionin muscle fibre sizenay be a reflection of the low levetsf

physical activity, but catabolism related@&D and HD mayalsobe an important factor.

Picture 1. Muscle fibre composition in a patient on haemodialysis and an untrained healthy subject.

Patient on haemodialysis P

Untrained healthy subject f 3

;
/
& ar -

Dark fibres, type 1 fibres; White fibresm 2 fibres. Notice the fewer type 1 fibmesd their reduction isize in the muscle of the
patient on haemodialysis vs. the healthy sul{jdaisted et al. 2007)

Previus studies have investigateuisclefibre size and architectura patients with CKDwithout the need
for renal replacement theragy a studyof 22 patients with CKD, who were aboutstartchronic dialysis
therapy(glometular filtration rate(GFR) not reported)biopsies were obtained from thedaminal muscle

(Sakkas et al. 2003Theaim ofthe study was to inviégateabnamalities inskeletal muscleaused by
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uremia To avoideffects ofphysicalinactivity the analysg were conducted annonlocomotor mgcle in

the participants The study dichot show different muscle fibre composition between the patientthahdfa
controlgroup but the sizef type 2 fibres was reduced in the patients with GiGpared to the controla
similar tendency was shovim muscle biopsies obtained from the vastus lateralis muscle in men with CKD
with amean GFR of4 ml/min*1.73 n% (Clyne et al. 1993)whilst another study did not show differences in
muscle fibre composition and sizeelderly patients with CKDwith a mean GFR af7 ml/min*1.73 ni
compared tdnealthy controlgHeiwe et al. 2005)Thus,CKD maylead toa shift in the muscle size ratio

between type 1 and 2 type fibres due to type i2fitrophy, but previous data are not consistent.

6.8 Muscle strength in patients undergoing dialysis

Patients undergoing dialysis are known to have reduced muscle sitengihred to healthy contrglBahal

et al. 1997, Bohannon et al. 1994, Johansen et al. 2P@Bgover, his lack of muscle strength severely
affects the pati ent BRQOp(Mgisted et all 2007, Molsten etrala 20@f@gura n d
4).

Figure 4. Health-related quality of life in patients undergoing HD and in the ge
population.
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Healthrelated quality of life assessed by using tuestionnaireShortForm-36. A higher score indicates better health. Notice the
significant difference between patients undergoing HD and the aggesmder matched general populat{@jgrner et al. 1997n
the scale®hysical functiorandRole limitation physicajMolsted et al. 2004a)

Protein synthesis and proteibreakdown in patients undergoing dialysis

The reduction in muscle strength in patients undergoing dialysis can potentially be caused by different
factors It has been proposed that a disturbed balance between mynéiesisand proteinbreakdownis
as®ciated with loss of muscle mass in patients undergoing digigsisbotto 1999) During HD and PD

there is an inappropriate removal of proteins. Indeed HD has been proposed to be gaabe(ldm et al.
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2005)and the loss of proteins during a typical treatment regimen of three HD sessions per week has been
proposed to correspond to a daily loss@feng of proteins(Eidemak et al. 2091 The dialysis modality PD

is not associated with the same level of protein breakdown as HD, but with PD the loss of proteins in the
dialysis fluid is greatefLim et al. 2005) Other potential reasons for a disturbaibetween protein synthesis

and protein breakdown in patients undergoing dialysis af@URim et al. 2005, Lee et al. 2007, Siew et al.
2007) low levels of and resistance to anbd hormonegKopple et al. 2006, Carrero et al. 201agidosis

(May et al. 1986)low grade inflammatioZhang et al2009) and physical inactivityGaribotto 1999)
Furthermore an insufficientenergy andprotein energyintake may also be followed bya loss of protein
stores Malnutrition is common inpatients undergoing dialysiand diet counselling is usually offered in
dialysis centres. The nutritional status related to protein energy waste in the patients is elsyimait=in
concentrations angroteinstores. The protein concentratiomiest oftenassessedisng analyss d serum
albumin and the protein stores are estimataderum creatinine and lean body mass assessments.

Energy uptake after regular food intake may in some patients be impaired and such a conditizu tay
reduced serum albumin concentration. Previstudies have investigated the protein uptake efficiency after
oral energy supply in patients undergoing HD. The results show that plasma albumin values #@ftnease
energy supphas seen in healthy contrql€aglar et al. 2002, Eustace et al. 2080) digestion problems

may not be the primary explanation to low albumin concentrations, which more likely may be explained by
other pathological issues misufficientenergy or proteigenergy int&e.

Whilst inter- or intradialytic protein supplementatiormprove protein synthesisand proteinbreakdown
balancein patients undergoing HVeeneman et al. 2004)he nutritionalrecommendation according to
protein intake to patients undergoing dialysistid debaed. It has been proposed that a dpilgteinintake

of 1.2 g per kilo body weight in patientsndergoingHD is sufficient(National Kidney FoundatignDue to

the greater protein loss related to the PD treatment, these patierdscamenended kvel of proteinintake

of 1.2 t01.3 g per kilo body weighiNational Kidney Foundation)

Neuromuscular function in patients undergoing dialysis

The reduced muscle strength in patients undergoing dialysis may also be explained by impaired
neuromuscular function. Neuropatis a well known problem in patients undergoing dialysis and it may
affect the motor nergs and therebwaffect muscle strengthin a study of the lower limb motor nerve
excitability propertiesof the tibialis anterior and extensor digitorum brevis musctésl14 patients
undergoing HD the neuromuscular function wdeund to benegatively altered before a HD session
(Krishnan et al. 2005)After the HD session the majority nérveexcitability parameters were normalized.
Theseresuls aresupported by data froranother studythat also investigated theeuromusculafunction

before and after a HD sessi@darrison et al. 2006)The neuromuscular function estimated by sEMG of

contractions of the" dorsalinterosseos muscle was improved after a HD sessiarheras the EMG
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signals vere unchanged in the vastus lateralis musdlee changed EMG signal was compared with the
levels of minerals removed by HD and the authors suggested the impaired SEMG signal before HD to be
correlatedo high levels of phosphate.

In anotter study the sEMG signals fro@il patients undergoing P@nd 21 patients with CKDvere
compared with signals from healthy contr@eaf et al. 2010)Furthermore, data on physical performance
were collected Whilst there was no difference in SEMG signals between patients undergoing PD and
patients with CKD, e SEMG signals were found to be impaired in the patients, and in addition, the impaired
EMG signal was associated with reduced physical perform@ieaf et al. 2010)The lack of difference in

the EMG signals between patients with CKD and patients undergoing PD may emphasize that
neuromuscular function is negatively affected bgeuoria in the stage before renal replacemenafhe

Using sEMG to testffects of training on neuromuscular function is not without prokleamd the
interpretation of thecollected data should be made with cautidniramusculartemperaturesub cutis
thickness, intramuscular pH and electronic reitmyaéquipment quality may confound the res(iarrison

et al. 2012) A greatadvantagén the sEMG methodhowever,is that data cabe cdlectedin relation with

other testdor examplemuscle strength testing,hich gives the opportunity to correlate skelifferent data.

When seEMG is recorded duringl®®M test before and aftenantervention it bring useful informationon
changes imeuromuscular activitjogether withmuscle strengtbbservationgHarrison et al. 2012)

Thus, the impaired muscle strength in patients undergoing didlgsidbeen shown to lessociated with
muscle atrophy as well as changed neuromuscular function. Disusell asswathologyemainimportant
determinants of reduced muscle strengtpatients undergoing dialysis

6.9 Rehabilitation in patients with chronic kidney disease

In the rehabilitation of patients undergoing dialysis, there has traditionally been fo@esatmctype of
training, with the purpose osignificantly increaimg aerobic capacityKouidi et al. 1998, Défjiannis et al.

1999a, Deligiannis et al. 1999b, Goldberg et al. 1983, Molsted et al. 2004b, Mustata et al. 2004, Sakkas et al.
2003) Other outcome measurements have also been used in studiasmatifttraining and there has been
shown positive effeston physical function andRQOL (Molsted et al. 2004b, Kouidi et al. 1997, Painter et

al. 2002) Physical training may with advantage be implemented in the stages before dhfomemnal
replacement therapy in patients with CKD and studies have shown positive results after training in such
patientsamplegBoyce et al. 1997, Clyne et al. 1991, Heiwale2001)

Many of the patients undergoing dialysis are suffering from chronic heart diS¢ase aerobictraining

with high intensitieshould inpatients with ischaemic heart disease and in particular in patients with chronic
heart failurebe performd with caution. Strength training is not however associated with cardiac stress as is
aerobictraining, and may therefore apply to more patients undergoing dialysisa#@rahictraining. In

addition, even though almost all of the patients are treatedewithropoietin (EPO) many of them have at
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least in periodsinaemia, which may make aerobic trainatigausefullevel harder toovercomecompared to

strength training In a previous studyon patients undergoing HD the central factors haemoglobin
concentrdons andpeak lactate concentratiovere not associated witerobic capacityDiesel et al. 1990)

In contrast e authors found that muscle strength was associated with aerobic capacity and suggested the
importance b including strength training in the rehabilitation to patients undergoing dialysise the
peripheral muscular capacity may limit the aerobic capacity

6.10 Strength training and protein supply in patients undergoing dialysis

Strength training is in antrastto aerobictraining associged with increased muscle mass andreased
muscle strength and may thereby be a more pdtn of training when tryingto improve physical
performance. Strength training with high loads has been tested in stugiasemts undergoing HDutside

but also during HO¥Dong et al. 2010, Johansen et al. 2006, Cheema et al. 2007, Headley et al. 2002, Kopple
et al. 2007) The results are inconsistent amdy likely be related to differencésthe training programmes
especially in terms ofheir intensity Strength training during dialysis definitely has relevance in a time
saving aspect, but it might limitot only the exercise intensitput alsothe choice of strengthtraining
exercises.

With the knowledge ot disturbed balance between protein synthesispaoidin breakdown in patients
undergoing dialysishere is an increased interesttie effects of embining physicatrainingand protein
supply in these patients.

In a recent studpn patients undergoing HEhe acute effect of exercise and protein intdkeng dialysis
was investigatedMajchrzak et al. 2008)Eight patients went through two settings:the first setting the
patientsingested 33y of proteinduring a HD sessioand in the second setting they performed a single
exercise session containitigreetimes 12 repetitions leg press at 76%L.RM togeherwith 33 gof protein
intake duringa HD sessionThe authorgproposedthat muscleprotein synthesis wasignificantly higher
when the exercise was added to the protein intskggesting that such an intervention on a long term basis
could improve mude volume and muscle strendgtiajchrzak et al. 2008)Another study investigated the
possible effect ocombiring strength trainingvith an oral protein supplemeirfbong et al. 200). The
patients were randomized to protein supply with strength trgimingprotein supply aloneThe protein
supply was 40 @f protein and 22 patients completed the 6 month interverifioa.study showed that the
nutritional intervention alone increed muscle strength, which suggests how seriously muscle stigngth
affected by a habitual nutritionattakein these patientsSurprisingly, the study did not show any further
benefits on muscle strength when the exercise was added. The study hachportent limitationavhich
werealso noted by the authors, e.g. the exengisgrammeconsisted of only three sets of leg presgjthe

progression of the exercise did not seem adequate.
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6.11 Muscle glucose uptake in patients undergoing dialysis

Studiesof patients undergoing disis have showrincidence of IR from 32% t060% of the patients
(Sakkas et al. 2008, Sit et al. 2005, Takenaka et al. 2030lin resistancen patients undergoing dialysis
is, besids acidosis caused bythe sameaunderying conditionsas inthe general populatiotdowever there
may be othercontributing factorsn these patientdue to the compleratureof kidney diseases and related
comorbidites.

Besides being associated with morbidity and mortality IR also seems to play a significant role in the loss of
muscle protein in patientsndergoing dialysisy disturbing the balance between protein synthesis and
protein breakdowiiPupim et al. 2005, Lee et al. 2007, Siew et al. 20@0Hon-diabetic patients undergoing
dialysis, it was shown that IR estimated by HOMAR was inversely associated withmuscle protein
estimated byDEXA scaming (Lee et al. 2007) Another study showed thah nondiabetic patients
undergoing HDHOMA-IR was associated with protein breakdown estimatestdidyle isotope methodology
(Siew et al. 2007)Finally, a further increaseof muscle protein breakdowwhen patientsindergoing HD
have diabetekasbeen suggestg®upim et al. 2005)

Two studies have investigated the effects of physicalceseeron IR in patients undergoing dialysfs.
randomized triakhoweda significant decreasa fasting insulin afteaerobictrainingthree times aveekfor
nine monthsin eight patients undergoing HBompared to a control group wifive patients undergng HD
(Goldberg et al. 1983jvhereasn a noncontrolled study on patients undergoing H® changevas foundn
the HOMA-IR after three monthsof aerobictraining twice weekly (Mustata et al. 2004)The difference
betweentheseresuls may likely be due to greatertraining dosein the study of Goldbergnd colleagues
(1983)compared to the study of Mustatad colleague&004)
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6.12 Aim and hypotheses

With the experiencef previousstudiegMolsted et al. 2007, Molsted et al. 2004a, Molsted et al. 2007,
Harrison et al. 2006, Molsted et al. 2004ljecidedo investigateheeffects of strength training in patients
undergoing dialysis. In order to achieve the most pronounced effect the tnaagngnducted outsidef
dialysis. The training programe needed tde simple and not time consumifay the partigoants, so imay
be replicated in clinical practice afterwards and hopefully be found attractive by the patients. With the
possible effects of combining strength training and timed protein intake, | designed a studgpdéton to

a control periodincorporated a randomization of thetpapantsto timed protein intake or no protein intake

in connection tetrengthtrainingin patients undergoing dialysis

The aim of the present study was adopt acontrolled design, to investigate the effects difigh-load

progressive strength training programme on heaalidted quality of life, physical performance, muscle

strength and power, electromyography, muscle fibre composition and size, and insulin sensitivity in patients

undergoing dialysisin additionthis study hasomparel changes betweepatients randomly assigned to
exercise with atimed protein supplement or texercise with a timed isocaloric ngnotein energy

supplement.

Hypotheses

1. Strength training increases muscle strength and physical rparioe in patients undergoing
dialysis
Strength trainingnduces ahangean the muscles fibre compositiai patients undergoing dialysis
Strength training induces hypertrophy at the muscle fibre level in patients undergoing.dialysis

Strength trainingncreases insulin sensitivity in patients undergoing dialysis

a > w N

Strength training benefits are more effective when undertaken in combinétioa timedintake of
proteins supplied to patients undergoing dialysis
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7. Material and methods

7.1 Study design

The patents were invited to participate in a control period comprising 16 weeks, without any intervention,
followed by a period of 16 weeks withstrength trainingntervention Thus, the participants served as their
own contro$. Prior to the training péd, the pagrts were randomized with the aid of a computer

programme(www.randomization.cominto two groups: Strength training with an intake of protein (PR) or

strength training with an intake of an isoc@ononprotein product (NO). The design of the study is

presented in Figreb5.

Figure 5. Design of the study.

Basline test
and Retest
Pretest randomization
Training and protein >
Control period
v v Training and notprotein 3 >
Start 16 weeks 32 weeks
7.2 Participants

Patients from three Danish dialysis centres (Rigshospitalet, Frederiksberg Hospital and Hitbepitzhl)
were recruited to the study.

To be included the participants had to meet the following criteria:
A Age above 18 years

A HD or PD treatment for more than three months

A Capable of participatinip thetrainingprogramme

Patients were excluded if they tany of the following criteria:
Severe diabetic retinopathy

Amputation of a lower limb

Severe peripheral polyneuropathy

Dementia

Unable to speak Danish

Participation in other conflicting trials

> > > > > > >

Undergoing antcoagulation treatment with Fondaparinux (Ara®).
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After having provided patients with both written and oral information about the study, informed consent was
obtained from all patients. The protocol was approved by the local ethical commiz2 B8 124) and
registered omvww.controlledtrials.com(ISRCTN72099857).

7.3 Blinding

The investigators who performed the tests of SEARGOGTT were blinédto what group the patients were
randomized Moreover, the @alyses of the plasma from the OGTT ancetbetermination of muscle fibre
size andfibre composition from the muscle biopsies were performed by individuals who were blinded to

both the time of the tests and to the results of the randomization.

7.4 Training programme

The training was @nducted dung three time framewith up to 14 patients at a time. The training consisted

of progressive high load strengiixerciseghree times a week for 16 weeks. Physiotherapists andisxer
instructors supervised thmatientsduring the trainingTraining wasmade available to the patients 5 days a
week (Monday to Friday). The three training days each week were chosen by the gatieativeswho

were advised to spread out the sessions over the week, but exercise on two consecutive days was permitted.
The eercise began with 5 minutes of watmp on a stationary ergometerhree obligatory exercises were
performed at each exercise session: legreg extension, and leg curl

(Pictures2-4).

Picture 2. Leg press.
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Picture 3. Leg extension.

In the training programméné number ofexercisesvere limited to three to make the pramme simple and
in an attempt to avoid it Ibey time consuming to the patients. The three exercises were primary chosen in
order to improve physical functioelated tathe lower extremities.
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The rest period between each set wa9®Becondgéthe time béveen repetitions was not regulate@yring
the training period the load was increased tednumber ofepetitiors decreased correspondingly final5
to 6 repetitionsas shown in Table.2n the first phase of the training programme a relative high nurobe
repetitions and low number of sets were conducted. This was done in ondemitaze delayed onset
muscle sorerssand to ensure that the patients were able to complete the tramiwgll as adopting the
correcttechnique The progression during ¢htraining period waadjusted according to changesliRM or
6RM, which was tested six timeduring thetraining period. The relative high load of resistance in the

training programme was chosirnanattempt to ensurienprovenent inmuscle strength andumcle mass.

Table 2. Protocol of 48 exercise sessions coveringliheveels of the training.

Exercise Session Session Session Session Session Session
1-6 7-12 13-24 25-36 37-42 43-48

Leg press ( 4 . 5 o 5 o 5 «©40¢ 5 € « 4 8

Knee extens 3 3 4 . 5 40 ¢ 5 4 .

reps)

Knee fl exio 3 3 4 . 4 . 4 . 4 .

Abbreviation: eps = repetitions.

Protein and nofprotein supplementssocaloric supplements were ingested imrataly after each exercise
session: The PR group ingested a protein supply (Renilon 7.5, Nutricia) of 125 ml containing 9.4 g of protein
from whey with 14.3%eucine, 25 g carbohydrate and 12.5 g lipid, 1850the NO group ingested an
energy supplement @bgen, Nutricia) of 54.5 ml containing 2.4 g of carbohydrate and 27.3 g lipid Ki050

The protein source containall essentiaBA’ .8Both supplements contained a low amount of potassium and
phosphate as recommended to patients undergoing digbysis.change iroral energy supplies does not

give the product an optimal taste and with respect to the patapystite, which in some casediiited,

the dose was chosen to ensure that all patients were able to irafesttihe training sessionshe patients

were instructed not to ingest meals at least two hmuedther side of the training sessions.

75 Comorbidity, physical activity, food intake and blood tests

Data on renal di sease and mor bi dit ye levad of eomarthdityai n e d
was assessed using The Index of Coexistent Digddiskulin et al. 2001)by one person (S. Molsted)
Physical activityoutside the trainingvas assessed usingsiagle questionfrom a previais study(Saltin &

Grimby 1968)included in the validated questionnaiféne Danish Health and Morbidity Survey 2005
QuestionnairéNational Institute of Public HealjhFood intake, bédes that provided as a supplement to the
training, was assessed using a modifiethy version of the Inter99 food frequency questionr@iod et al.

2008) and the energy intake was determined by a trained dieticigntie aid of Master Diaetist Data

software (Anova A/S).
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Standard blood parameters were analyzed in the laboratories of the hospitals comprising those servicing the
Capital Region.

7.6 Health-related quality of life

To investigate HRQOL the Danish versioiithe questionnaire Short Form 36 (36) was use@Bjgrner et

al. 1997) The questionnaire comprises eight dimensions covering physical, mental and social aspects of
health. For each dimension a score froto @00 was calculated according to standard procedures. Scores

were also transformed into a physical component scale and a mental component scale. Higher scores indicate

better health. Participants dat a wedgeneralompar ed w

population sampléBjgrner et al. 1997)

7.7 Muscle power and strength measurements

Leg extensor power was measured using the Nottingham Leg Extensor Power Rig. The wateagked

to sit in an pright position with their arms folded across their chest, and their active leg towards the push
pedal, whilst their free leg rested on the floor. The mesttal was located in front of the seat, which makes
the direction of movement almost horizontal sEithe leg corresponding to the same side as their dominant
hand was measured; thereafter their-dominant leg was measured. The subject was instructed to push the
pedal as hard and as fast as possible. The measurement was repeated at least five tintiési@ further
improvement could be recorded on two consecutive occasions. Theialtesst period was 3feconds. For
each subiject, the highest value attained useds result Thedatawere recorded, computed, and expressed
in watts (W) usingthe Leg Rig software package (PC214E; University of Nottingham, Medical Faculty
Workshops, Queen's Medical Centre, Nottingham, UK).
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Picture 5. Nottingham Leg Extensor Power Rig

Maximal voluntary isometric knee extension was tested in arstatjle dynamometer chair (Good Strength,
Metitur Ltd., Jyvaskyld Finland). The measurements were done at a knee angle of 60° from full extension
with arms folded across the chest. First, the leg corresponding to the same side as their dominant hand was
measured; thereafter their ndominant leg was measured. The patients were instrictegidly produce

as much force as possitdad hold itfor 5 seconds. A minimum of three tests separated by 60 seconds of rest
was conducted~or each subject the bgstrformance with the highest value followed by a lower value was
accepted as the result. The maximal voluntary contractions were measured in Newtons (N). All data were
recorded and stored on a computer using the Good Strength softwareepaekagpn 3.11Metitur Ltd.,

Jyaskyla, Finland).
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Picture 6. Good Strength, Metitur Ltd.

7.8 Physical performance

Physical performance was measured using the Chair Stand Test from the Senior Fitn@skliT&siones

2004, Rikli & Jones 2001)The test required the patierb rise to a full standing position and return to a
seated position as frequently as possible within a 30 second time frame, whilst maintaining their arms folded
aaoss their chest at all times. The time taken to complete the first 5 rises to a standing pesitadaow
recordel.

7.9 SEMG Recordings

The sEMG recordings were performed before and after the exercise period in conjunction with the knee
extension equipent (see Picturé) in the gym where the training took place. To avoid exercise initiated
delayed onset muscle soreness, and to ensure that the patients were familiar with the training equipment, the
baseline SEMG tests were carried out one week aftdirshexercise session.

31



The recordings were performed on the mid thigh region, and specifically on the vastus lateraliswhilecle
patients were sitting in an upraised position. A dynamic test was done during a 1RM test of complete knee
extension from ®&0-degree flexion. An isometric test was done with a 20 seconds full extended knee with
50% of the result of the 1RM test. Each participant made the tests with the same machine position at baseline
and at retest.

The study used a double differential étede configuration, with electrodes-00-S & R-00-S; Blue Sensor

R, Medicotest A/S, distykke, Denmark) configured as described previfidalyison et al. 2006)SEMG
recordings were takemia an ML 131 amplifier onnected to a PowerLab 4/25T A/D converter (AD
Instruments, Chalgrove, Oxfordshire, UK) with a further connection to a Mac PowerBook Air with Chart v.
5.5.6 Software. Input impedance was 20W/kifferential, and a highand a lowpass filter of 3 Hz and B0

Hz, respectively, were used. Sampling speed was set to 40,000 per second.

Recordings, which were taken following the guidelines laid out inBhmpean Recommendations for
Surface ElectroMyoGraphgs detailed by the SENIAM projedtermens et al. 1999)nformation regarding

any expected/anticipated electromyography performance regatisiot divulged, and patients were not
allowed to follow their SEMG recordings on the computer screen in real time. The esibES signal

was assessed as described previo(i$grrison et al. 20060 terms of signal frequency (Hz) and peak

peak amplitude (M)using Chart analysis softwaemd Peak Parameters, and Spike Histogram sixtes

(AD Instruments, Chalgrove, Oxfordshire, UK).

7.10 Muscle biopsies

Muscle biopsies were obtained from the mid region of the vastus lateralis muscle oHB wiay. The
vastus lateralis muscle is often preferred for reseatoliesdue to its largesize, making the biopsy
obtainingrelatively uncomplicatedn addition, studies have shown that complications after biopsies in the
vastus lateralis are very seldom and uncomplicdtedhermorethe vastus lateralifbre composibn is
rather consist@, making this muscleelevant for use when more biopsies from the same mustiie same
individual are neede@.exell et al. 1983)Furthermore, the exercises performed in the present study all
target the vastus katalis muscle directly or indirectly.

Anticoagulants were paused for three days leading up to the biopsy and the international normalized ratio
was tested before the biopssasobtained Local anaesthesia of the skin, sub cutis and fascia was induced
using 1% lidocain. Muscle biopsy tissue was obtained through anfilenetre incision with the aid of a
Bergstrom biopsy needlesing suction Muscle biopsies were mounted with TisSlek (Sakura Finetek,
Zoeterwoude, The Netherlands) and immediately fromésdpentane cooled in liquid nitrogandstored at

-80 C until analysis.
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7.11 Analyses of muscle biopsies

ATPasehistochemistnSerial sections (10m) of the muscle biopsy samples were cut using a cryostat
maintained at20 C. Myofibrillar ATPase hétochemistry was performed at pH 9.40 afteripoaibation at

pH; 4.37, 4.60, and 10.3@rooke & Kaiser 1970)Computer image analysis was performed using an image
analysis system (TEMA, Scan Beam ApS, Hadsund, RekimFibres were subsequently classified as type
1, type 1/2A, type 2A, type 2AX, and type ZXndersen & Aagaard 2000)yhe number of the minor fibre
types (1/2A and 2AX), were so few in some biopsies, that estitatly reliable determination of their size
wasnot meaningful Therefore, calculations of fibre ty@SA were only performed on the three major fibre
types (1, 2A, and 2X

Staining of capillaries was preformed using the double staining méthodt al. 1997)The double staining
method is an immunohistochemical method that uses bottuBtil and anticollagen type IV antibodies
(double staining) to staifboth capillaries and muscle fd borders on the same sectio@nly truly
horizontally cut fibres were analyzed. The day after obtaining the biopsy HD was performed with heparin
levels according to post operation guidelines.

7.12 Insulin sensitivity
For the investigation of insulin sensitivity, patients undergaiegtinent with insulin were excluded.
A 2-hour OGTT with 75 g of glucose was performed after an-oight fast and within a minimum of 18
hours of training. Patients witlgpe 2 diabetepaused their oral antidiabetic medication 72 hours before the
test. amples of plasma glucose (PG), plasma insulin (Pl), and plaspesptitie were drawn a80, -15, 0,
30, 60, 90, and 120 minute intervals. Fasting values were determined as the mean of the samf3ieés from
15 and 0 minutes. The patients where categoraerbrding to diagnoseExpert Committee on the
Diagnosis and Classification of Diabetes Mellitus 2003)
1 Normal glucose tolerance (NGT): Fasting PG <6raiil and 2hour PG <7.8 mmol/|
1 Impaired fasting glucose (IFG): Fasting PG-6.2 mmol/l and zhour PG <7.8 mmol/l
1 Impaired glucose tolerance (IGT): Fasting PG <6.1 mmol/l ahdu2 PG between 7-81.0 mmol/l
1 IFG and IGT: Fasting PG 64.9 mmol/l and zhour PG between 7-81.0 mmol/I
T Type 2 diabetes: Fasthiong MG = 7.100 . Mmarimoll /dnd/ or
Besides levels of PG and PlI, insulin sensitivity was estimated in terms of total and incremental insulin as
well as the PG area under the curve (AUCktakrom the OGTT. The Matsuda Insulin Sensitivity Index
(ISl) was calculated according to the following formula;
10,000/ ((fasting PG - ffast i n@Masuda & DeFronee aMWINOGT T |
theHOMAZ2 was calculatetty the programme HOMA Calculat¢rhe Oxford Centre for Diabetes
Blood samples were taken from the antecubital vein oHibearteriovenous fistula. The same procedure

was perforred for each test’lasma glucose concentrations were analyzed using the glhexskinase
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method (Glucosguant®, Roche Diagnostics GmbH;3298 Mannheim, Germany). Plasma insulin and
proinsulin Gpeptide were measured using a Sandwich Elektrochemilsognammunoassay (ECLIA) kit
(Elecsys, Roche Diagnostics GmbH,6B298 Mannheim, Germany). All tests were performed on a Roche
Modular SWA analyzer (Roche Diagnostics GmbH6E?98 Mannheim, Germany).

The OGTT was performed identically with regard to thedysisprocedure for each individual, before and
after thecontrol andtraining period.Patients undergoing PD met for the OGTT without PD flnd the
recently used fluid before theGI T contained the same glucose concentrdtieiore and after the conl

and training period

7.13 Statistical methods

Statistical analyss werecarried out using PASW® Statistics 18 under the guidance andltaiitn of a
statistician (IFE, Copenhagen University

The distribution of the data was tested using @lots. Since these results showed the data not to be
normally distributed, all subsequestttistical analysewereperformed using neparametric tests.

The MannWhitney test (Exact significance) was used to compare the PR and the NO groupesit piee

Wilcoxon Signed Ranks Test was used to test for differences betwetgspend baseline and between
baseline and reest, as well as to compare the differences during the control period with any difference
during the training period.

The secondest(basdine test) is used in the analyses of the copgr@d r i od ( A candnatsa toel per
training period( Araining period). In order to perform a summery measure, The One Sample Wilcoxon
signed Rank Test was used to testdhe f f er ence bet ween the-Awbr @piemi
period)

Bivariate correlations were tested using Spearman correlation test.

Data are presented as the méastandard deviation (SD), as the mé&astandard error of the mean (SEM),

as the range, or as counts and percentages. All tests wet@ledoand significancat the levelop<s 0. 05 .
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8. Results

8.1 Patient characteristics

A total of 41 patients were included in the study. The participation flow through the study is presémed in
flow chat in Figure 6. Dropout during the control period was due to lack of time (n=1), mledica
complications not related to the study (n=5 (erysipelas reriger n=2; neuropathy n=1; heditease n=1)),
discomfort related to muscle biopsypllection (n=1), and moving to another dialysis centre (n=1). During
the training period the dropout was eduo medical complications not related to the training (n=3
(arteriovenoudistula operation n=2; pneumonia n=1)) and death not related to the training (n=1).
Characteristics of the 29 patients who completed the study are presented irB.Tabk study saple
comprised more men than womeaeflecting the gendadistribution in Danish patients undergoing dialysis.
Thepat ent s’ me a n a girg a afige fB0ARI tp édayeass. Whenpleysical activiytside the
training was assessed by the patienting a validated question, only three patients were characterized as

beinginactive. There were no differences between any of the characteristics between the PR and NO groups.

Figure 6. Inclusion and dropout during the study

Pretested n=4

[Control period: Drop out nz]

[Baseline tested and randomized n]

[Training period: Drop out na)

[ Retested n=29]
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Table 3. Characteristics of the participants.

Characteristic All participants ~ Protein group Non-protein
(n=29) (n=16) group
(n=13)
Gender (F/M) 13/16 7/9 6/7
Age (years) 55+ 14 54 £ 15 56+ 14
Dialysis modality (HD/PD) 24/5 13/3 11/2
Duration d renal disease (years 79+6.8 6.5+5.0 9.4+83
Duration of chronic dialysis 50+£57 51+45 49+7.2
(years)
Comorbidities (score-3) 2.3+0.8 25+0.7 21+0.8

Primary disease

Type 1 diabetes 2 1 1
Type 2 diabetes 1 1 0
Hypertension 1 1 0
Polycystic 7 2 5
Glomerulonephritis 10 6 4
Nephrosclerosis 2 2 1
Other/unknown 5 3 2
Physical activity
High active 3 2 1
Medium active 6 2 4
Moderate active 16 9 7
Inactive 3 3 0
Unknown 1 0 1
Data are preseed as mean + SD or couihere were no difference between the protein and thggnorot ei n groups’ <cha

F = female; M = maleHD = haemodialysisPD = peritoneal dialysis

8.2 Patient compliance

The patients participated in 42.5 + 0.8 (ran@53) exercise sessions during 16.2 = 0.1 (rangd7)4
weeks. The mean number of exercise sessions/week was 2.63 + 0.04 (rarg)6@),t2rresponihg to 88
+ 1% (range 74.00%) of the planedexercise sessions. There was no differandbe compliancdetween
thePR and NO groups.

8.3 Side effects

Four patients experiencenusclepain related to the training. The pain lasted one to two weeks and in none
of the casesvas thereported muscle paiof a degree that needed suspension fi@iming. No otherside
effects affedhg the training protocolvere reported

8.4 Clinical variables related to dialysis

In Table4 selected standard parameters from clinical practice are presented. During thiepeoitidothere
was a decreada p-albumin. There was ndifference in palbumin betweerthe PR and NO groups at pre
test, baseline and+est. Noother changes ithe listed variables wemoticedduring the control or training

period and there was no differencf changes the variables betwedhe PR andNO groups.
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Table 4. Control parameters from clinical practice during shedy.

Parameter Pre-test Baseline Retest

Haemoglobinmmol/l) 75+£0.2 76+£0.2 74+0.1
Albumin (g/l) 41.2+£0.6 40.3+£0.7* 40.8 £ 0.7
C-reactive protein (mg/l) 6.6+1.2 6.1+17 76+1.8

Data are presented as mean + SEd< 0.05 ketween preest and baseline

Body weight was unchanged during the control peffoaim 75.8 + 3.7 kg to 75.5 + 3.6 k@ndincreased
(from 75.5 + 3.6 kg to 76.6 + 3.7 kp,< 0.05)during the training period. This waalsotrue for the BMI
(data not shown)The patientsdemonstratec wide rangein BMI on inclusion to the study In clinical
nephrologya BMI below 23 kg/m has been considered to be ldw 38% of the patients BMI valuesere
below this limit. According to general BMI interpretations, 24% of the patients had a BMI below 20 kg/m
and 13% had a BMI above 30 kdginfter the training period the distribution of the Bstiowed significant
changs andnowonly 14% of the patientsad a BMI below 20 kg/éand 10% had a BMI above 30 kgim
During the training péod, the changes of body weight and BMlere not differentn-betweenthe PR and

NO groups.

I+

The energy intake did not change during the stpdgtest9 4 1 8 45833Kj Kjt- didgay
0lgproteitn kbgsdlinegg 836 =+ 519 1K36 -+ ‘doa¥igd+0.1ghpayt ei n
1. krgtest9 567 + 423 KJ9 -+ & YK +01dady ot e itn kapdtiese
were no differences ihetweerthe groupsduring the training perioPR group6 0 9 + 3 877 -12Kt]

6 Kj 1+ Udgp1y+0.10gproteitn kgN@ygroup 207 *+ 67% Kiljg -
-0.03+0.11g prot e i nt.. “dgay

8.5 Health-related quality of life

Healthrelated quality of lifemeasured aghe scores of the questionnaire-3-is presented imable 5
While there were no changestire scores in the control pericgbveralkcaledncreasedn the scorafter the
training period.Scores ofPhysical FunctionBodily Pain Role limitationi Emotional] Mental Healthand
the summey scalePhysical Component Scaleere improvedafter the training period. Surprisingly the
scores of thescaleRole limtation i Physicalwas unchanged after the trainiiduring the training period

there were ndlifferencs bet ween t he PR .and NO groups scores
At baselinePhysical FunctionGeneral Healthand Vitality wereimpaired compared to the age and gender
matchedgeneral population sample. After the training pefig/sical Functiorand Vitality were without
statisticaly significant differences from the general populatiorGeneral Healthremained impaired, and

maybe a little surprising so diRlole limitationi Emdional althoughan increase in numeric scores
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Table5.Pat i e n traldted dueality bf liféhmeasured by using-$& during the study. Higher score
indicates better health.

Scale Pre- Baseline Retest P control P P periods P one
test training sample
Physical Function 68+3 664 744 NS <0.05 NS NS
Role limitation— Physical 46+6 60+8 59+8 NS NS NS NS
Bodily Pain 75+5 T71x4 774 NS <0.05 <0.01 <0.01
General Health 50+4 49+4 54+4 NS NS NS NS
Vitality 53+5 563 61%4 NS NS NS NS
Social Function 82+4 82+3 85%3 NS NS NS NS
Role limitation— 76+4 70x7 75%8 NS <0.05 NS <0.05
Emotional
Mental Health 79+3 79+3 83z%3 NS <0.05 NS NS
Physical Component Scal 40+2 40+2 43+2 NS <0.01 NS NS
Mental Compnent Scale 53+2 53+2 54+2 NS NS NS NS

Data are presented as mean + SBI9.= not significant
Significant changes are given for the control period, the training period, the difference between the control peridchamdghe
period, and aaonesample test of the differenbetweenthdd contr ol peri od and the A training

8.6 Muscle power and muscle strength

To adjustthe exercise intensity 1RM was performeik times during the trainingprogramme Knee
extension 1RM increased from 56 + 5 to 82 + 8kg, 0.001, and leg press WRfrom 94 + 9 to 212 + 17

kg, p < 0.001. There was no differencethre increase betwe¢he PR and NO groups.

During the control period therengthof leg extension and knee extension remained unchanged (Table 6).
These tests increased significantly dgrihe training péod and there were significadtfferences between

the control andraining periods. The increase ithe muscle power measured as leg extension remained
significant even after adjusting for body weight. The knee flexangthincreasd during the control
period and was unchanged aftiee training periodTable 6)

8.7 Physical performance

Physical performance was not changed during the control period tumats improved after the training
period. This was true for the number of riskee patients could perform within the 30 seconds as well the
time used for the first 5 rises in the Chair stand test (Table 6). In both tests the change in the training period

was significantly different from the control period.
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Table 6. Muscle power, mscle strength, and physical performance during the control and training period.

Parameter Pretest Baseline Retest P P P P one
control trainin  period sample
g S

Muscle power

Leg extension, right (W) 145+12 142+13 18316 NS < <0.01 <
0.001 0.005

Leg extension, left (W) 141+12 138+x12 172+16 NS < <0.01 <
0.001 0.005

Leg extension/body weight, 195+ 191+ 238+ NS < <0.01 <

right (W/kg) 0.14 0.16 0.18 0.001 0.005

Leg extension/body weight, 1.88 + 1.84 + 228+ NS < <0.01 0.001

left (W/kQ) 0.14 0.17 0.18 0.001

Muscle strength

Knee extension, right (N) 338+19 343+20 413+25 NS < <0.01 0.001
0.001

Knee extension, left (N) 324+£22 318120 376+22 NS < <0.01 0.001
0.001

Knee flexion, right (N) 134+13 157+13 174+14 <0.05 NS NS NS

Knee flexion, left (N) 140+12 162+13 179+15 <0.05 NS NS NS

Physical performance

Chair stand test, 30 sec. (no.) 14+1 14+1 17+1 NS < < <
0.001 0.001 0.001

Chair stand test, 5 reps. (sec. 10.4+0.6 10.7+0.8 8.6+0.6 NS < <0.01 <
0.001 0.005

Data are presented as mean + SEWE watts; N = Newton; NS = not significant
Significantchanges argiven for the control period, the training period, the difference between the control period and the training
period, ad as a onsample test of the differenbetweerthe A control period and tha training period

8.8 SEMG recordings

In the test of neuromuscular function during maximum concentric contraction, the sEMG frequency was
unchanged (Table 7). The amplituokthe sEMGincreased after the training period. Whee #mplitude

was adjusted for the resistaneee{ght lifted (kg) from the 1RM) the amplitude renmeid unchanged after

the training period

In the isometric hold of 50% dahe 1RM, there were no changestire SEMG frequencyAUC or the
amplitude AUC during he 20second sEMGrecording Data on the 2@econd SEMG recordingre
presented in Figuss/ and8.
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Table 7. Surface EMG of maximum dynamic contractions and 20 seamfridemetric holds before and
after the training period.

Parameter Baseline Retest
Dynamic 1RM 1. Sec

Frequency (Hz) 77+8 79+4

Amplitude (mV) 0.322 + 33 0.483 + 54
Dynamic 1RM 1. sec/kilo

Amplitude/kilo (mV/Kkg) 0.0079 + 0.0011 0.0078 + 0.0009
Isometric 50% of 1RM 20 sec

FrequencyAUC 1801+ 100 1879+ 117

Amplitude AUC 3.75+0.58 5.42+0.76
Isometric 50% of 1RM 20 sec/kilo

Amplitude/kilo AUC 0.163+ 0.023 0.202+ 0.027

Data are presented as mean * SE< 0.05 ketween baseline and-test The dynamic test is presented as the first secondgluri

theknee extensiarThe isometrikknee extensiowas conducted with 50% of tH&RM resistance at baseline and 1RM atierst

Figure 7. Surface EMG frequency during 20 seconfisometric full knee extensiom=25)
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Data presented as mean (SEWHere was no difference between the baseline and thestarea under the curve.
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Figure 8. Surface EMG amplitude during 20 seconfissometric full knee extensiom=25)
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Data presented as mean (SEM)ere was no difference between the baselikthe reest area under the curve.

8.9 Muscle fibre analyses

Muscle fibre type, size and capilladensityare presented in Table 8. Muscle fibre composition did not
change during the control period. During the training period the relative numbepeof2¥ fibres vas
reduced.There was no difference on the effect of training on muscle fibre compositlmetvieen the PR
and NO groups.

The size of the two major fibre types (type 1 and typee@jained unchanged during the control and training
period. Wthin type 2 fibres, type 2X fibres increasafier the training periodwhile the CSA of type 2A
fibres wereunchangedTable 8)

Somewhat arprisingly, in18 out of 22 (8%6) subjectghe size of type 1 fibres exceedibe size of thaype

2 fibres at baside. The ratio of the fibre sizes (type 1[{ftype2(unt)) was 145 + 008 before training and
1.30 £ 0.09 after training

The capillary density remained unchanged during the studytétexception of a decreasecapillaties per
fibre in type 1 fibregluringthe control periodTable 8).

There were no differences rhanges of relative muscle fibre composition, size or capillary density in
between the PR and NO groups (Table 9).
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Table 8. Composition of muscle fibre types, muscle fibre size and rad#xk capillarydensityduring the
study.

Parameter Pretest Baseline Retest P P P P onesample
control training periods

Fibre type, n=25

Fibre (n) 173+£12 173+11 173+13 NS NS NS NS

Type 1 (%) 46 + 3 44 + 3 48 +3 NS NS NS NS

Type 2A (%) 383 36+3 40+ 2 NS NS NS NS

Type 2X (%) 17+3 19+3 12+3 NS 0.001 <o0.01 <0.05

Fibre size, n=22

Fibre (n) 170+ 14 168+14 163+15 NS NS NS NS

Type 1 (um) 4605+ 4440+ 4478 + NS NS NS NS
303 290 370

Type 2 (um) 3281+ 3190+ 3575+ NS NS NS NS
242 219 274

Type 2A (unf) 3682+ 3510+ 3773x NS NS NS NS
296 246 296
Type 2X (unf) 2607+ 2552+ 2950+ NS <0.05 NS NS

216 182 258

Capillary density,

n=22

Fibre (n) 170+ 14 168+14 163+15 NS NS NS NS

Type 1 30+£01 28+01 28+0.1 <0.05 NS NS NS

(capillary/fibre)

Type 2A 24+01 22+01 22+01 NS NS NS NS

(capillary/fibre)

Type 2X 1.7+01 16+£0.1 1.8+x0.1 NS NS NS < 0.005

(capillary/fibre)

All fibre types 12+01 11+£01 11+0.1 NS NS NS NS

(capillary/fibre)

All fibre types 299+11 283+13 276+14 NS NS NS NS

(capillary/mnt)

Data are presented as mean + SBI9.= not significant
Significant changes are given for the control period, the training period, the difference between thpergodrand the training

period, and as a orsample test of the differenbetweert he A contr ol period and the A traini
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Table 9. Change of muscle fibre composition, size and capiti@rysityin the protein group and the non
protein group dring the training.

Variable Protein group Non-protein group
AFi bre (n=16) (n=9)
Type 1 5+4 2+6
Type 2A 1+£3 74
Type 2X -6+3 -11+£6
AFibre ?ize (n=15) (n=7)
Type 1 62 + 223 -14 + 639
Type 2 267 + 343 638 + 310
Type 2A 170 £ 328 464 £ 247
Type 2X 437 + 252 314 + 372
ACapill ary (n=15) (n=7)
Type 1 0.02£0.21 -0.17 £ 0.17
Type 2A 0.08 £0.16 0.03+£0.29
Type 2X 0.16 £ 0.17 0.26 £ 0.35
All fibre types 0.03 £0.09 <0.01 £ 0.07
A Capillary pe?d (n=15) (n=7)
All fibre types -25+215 -16.7 + 32.3

Data are presented as mean + SEM. There were differences between the groups.

Theindividual changes of musclefibre sizeduring the training perioth all patientsverenot significantly
associated with the daily energy intake peakbaselin®r the dailyprotein intake per kg at baselirdata
not showi. In the PR groupheindividual change of musclefibre size during the training periagerenot

associated witlthe protein supplement (9.4 g) per daily protein intake per kg at basdéte rfot shown)

8.10 Insulin sensitivity

Five of the patients were not included in the OGT®& tuinsulin treatment fatiabetes. Four of the patients,
who canpleted the study, were nottestedin terms of glucose toleranchkie to illness, change of dialysis
modality, or problems arising during the OGTT. Thus, data ona#i@rgs are presentedhd&characteristics

of this sulgroup of patientare presented ifable 10. There were no differences between the PR and NO
groups with the exception ad significant higher score of comorbidity in the PR group. ivarate
correlations there waso significant association between comorbidity and the training periadgels of
blood glucose, insulin, Matsuda ISI, HOMArelative muscle fibre composition, muscle fibre size or any of
the analyses of capillary density (data not showhysRal activity outside the training remained unchanged
during the studyDuring the $sudy theclinical control parametersaemoglobin, albumin an@-reactive
proteinremained unchaged. There was no differencedhanges irbetween the PR and the NO groups in
any of the two periods. Body weight remained unchanged during the control @edadcreased during the
training period72.8 + 3.7 to 73.8 £ 3.8 < 0.09.
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Table 10. Characteristics of the participants from the analysis of insulin sensitivity.

Parameter n=23 Protein n=14 Non-protein n=9
Age (years) 52+15 53+15 51+14
Gerder (f/m) 10/13 6/8 4/5
Dialysis modality (HD/PD) 19/4 11/3 8/1
Duration of chronic dialysis (years) 43+4.3 511438 3.1+33
Duration of renal disease (years) 6.3+4.5 6.7+5.1 5.7+3.8
Body mass index (kg/fh 23.8+4.4 229+4.4 25.3+4.2
Albumin (g/l) 41.7 £ 3.3 42.7+34 40.1+2.7
Haemoglobinmmol/l) 74+£10 76111 7.2+£0.7
C-reactive protein (mg/l) 57+6.5 5659 6.0+ 8.0
Comorbidities (score-3) 221038 25+£0.8 1.8+0.7?
Primary disease
Type 2 diabetes 1 1 0
Hypertension 1 1 0
Polycystic 6 2 4
Glomerulonephritis 7 5 2
Nephrosclerosis 3 2 1
Other/unknown 5 3 2
Physical activity
High active 2 2 0
Medium active 6 3 3
Moderate active 11 6 5
Inactive 4 3 1
Glucose tolerance diampse
Normal glucose tolerance 11 7 4
Impaired glucose tolerance 9 6 3
Type 2 diabetes 3 1 2

Data are presented as mean + S&Mount.2p < 0.05between groups.

F = female; M = maletiD = haemodialysisPD = peritoneal dialysis

Data for thepatients during the study are presented in Tablé-asting as well as2our plasma (p) glucose
was unchanged during the study. At-pest only one patient showedfasting pglucose value above the
normal range (< 6.1 mmol/l). The fasting as welltas 2hour pinsulin was not changed during the control
period butweresignificantly reduced after the training period.

Plasma glucose andipsulin AUC of the OGTTwere analyzed by using the mean values from the OGTT.

All incremental as well as total AUE were unchanged during the control period. In the training period, the

total pinsulin AUC decreased.

TheMatsuda ISI, which includes gitglucose and {insulin measuremenfsom the OGTT, did not increase
as expected after the training period. Phealue wad).089 and if one outlier from the sample was removed,
the outcome increased significantly.

The @urce of energy supply and dialysis modality was not associatecamytiof the significant or nen
significant changes of fasting -msulin, 2hour pinsulin, fasting pglucose, zhour pgl uc os e,
MatsudalSI or HOMAZ2 (data not shown).
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The decreasan fasting pinsulin during the training period was found to be associated with the baseline
fasting pinsulin ¢ = 0.654,p = 0.001), showing that thefett of training orfasting pinsulin was dependent

on the baseline level of fastingmsulin.

One patient was treated withstable dose @ulfonylurea during the study period.

Table 11. Blood glucose, insulin and other measuoéinsulin sensitivityn thepatients during the study.

Variable Pre-test Baseline Retest P P P P one
control training periods sample
Fasting glucose 53%£0.1 53%£0.1 55+£0.2 NS NS NS NS
(mmoll/l)
2-hour glucose 8.4+0.8 8.9+0.6 85+0.7 NS NS NS NS
(mmol/l)
Fastirg insulin 65+ 10 65+ 8 537 NS <0.01 NS NS
(pmol/l) #
2-hour insulin 326 + 52 423 +70 326 + 52 NS <0.05 NS NS
(pmol/l)
Fasting Cpeptide 3220 + 362 3234 +418 2732 +352 NS <0.05 NS NS
(pmol/)
2-hour Gpeptide 7562 + 454 8282 + 777 76D + 614 NS NS NS NS
(pmol/l)
Glucose AUC total 36+£2 3612 3812 NS NS NS NS
Glucose AUC 15+2 15+1 16+1 NS NS NS NS
incremental
Insulin AUC total 1529 £ 197 1708 £219 1518 +219 NS <0.05 NS NS
Insulin AUC 1262 £+ 173 1448 +198 1307 + 208 NS NS NS NS
incremental
Matsuda ISl 48+0.6 4605 51+05 NS NS NS NS
HOMA2 1.2+0.2 1.2+0.2 1.3+0.3 NS NS NS NS
Glucose tolerance
Normal 11 9 9 NS NS NS NS
Impaired 9 11 12
Type 2 diabetes 3 3 2

Data are presented as meaS8EM. #Normal range 10125 pmol/I.NS = not significant
Significant changes are given for the control period, the training period, the difference between the control peridchamdghe

period, and as a orsample test of the differenbetweert he A contr ol period and the A traini

Patients where stratifiedccordingto glucose tolerance diagnsesat baseling(NGT vs. IGT andtype 2
diabete}andthe response to theatningin the strataare presented in Table .1I9one of the mlucose and p
insulin measures ithe NGT patients were significantly chandsgdtraining. In the IGT andype 2 diabetes
patients there were significant effects tasting pinsulin, 2hour pinsulin, total pinsulin AUC and
incremental gnsulin AUC. The AUC for p-glucose and jnsulin in NGT and IGT ortype 2 diabetes

patients are presented in Fig@e
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Table 12. Blood glucose, insulin and other measures of insulin sensitivity in patients stratified according to

glucose toleranckeforethetraining period

Variable Baseline Retest P
Normal glucose tolerance (n=9)

Fasting plasma glucose (mmol/l) 51+£0.1 55+£0.1 NS
2-hour plasma glucose (mmol/l) 6.7+0.2 7.3+£0.6 NS
Fasting plasma insulin (pmol/l) # 60+ 8 b2+7 NS
2-hour plasma insulin (pmi) 248 + 41 222 + 45 NS
Impaired glucose tolerance or type 2 diabetes (n=

Fasting plasma glucose (mmol/l) 54+0.2 54+0.3 NS
2-hour plasma glucose (mmol/l) 10.3+£0.9 93+1.1 NS
Fasting plasma insulin (pmol/l) # 68 £ 12 54 +£10 <0.05
2-hour plasma insulin (pmol/l) 533+ 104 344 + 68 <0.05

Data are presented as meaS8EM. AUC = area under the curvéNormalrange 16125 pmol/l. AUC = area under the curve

Figure 9. Glucose and insulin during oral glucose tolerance test
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9 Discussion

Strength trainingused as an interventian patients undrgoing dialysishad in the present studseveral
positive effects andvas well tolerated by the patients. Sedted physical function, physical performance,
muscle power, muscle strength anduin sensitivity wereall improved. Likewisg the strength taining
increasecheuromuscular functioandinduced moderate changes in muscle fibre typ@position, which
could be interpreteds frst sigrs of fundamental reconstruction of the skeletal muscle, favourable in
combating the obvious or incipient metabalisorder observed in this patient groGemewhat surprisingly
andin spite of the vigorous strength trainjigwas not possible to establish any significant hypertrophy at
the muscle fibe level. In addition, no effects giving a timed protein irgke inrelationto strength training

sessions were observed.

The participation complianaaf 88 + 1% of all training sessiomlsiring thestrengthtraining programmevas
high takng into consideratiorthis very ill patient groupMoreover the drop out ra¢ was acceptable
compared talata reported imther studies on patients undergoing dialyBishm et al. 2010)The training
programme wasvell tolerated, with no adverse effegreventingthe patientsfrom training. As expected
there wasdelayed onset muscle soren@sghe early training phaséut this did not interruptthe training
programme.

The clinical relevance of the positive effecfstrainingon mugle power and muscle strength atevious,
sincebothphysical performance aswellasselfat ed physi cal function avas i m
the SF36 scalePhysical Functionwas significantly improved during the training period with no change
during the control @riod, but with no difference isbetwea changesiuringthe periodsWh en t he pat i
baselinePhysical Functionscorewas compared to the score from the aged gendematched general
population it was significantly lower. After being improved by the trainingrthgsical Functiorscore was

still below the general population score but without being significantly diffefEme. patients reported less

bodily painafter the training periotdy increased scores tife scaleBodily Pain The datado not refer to

specifc bodily pain, but the imprement is interesting sincavslar resuls have been shown in oprevious

study of exercise in patients undergoing NIolisted et al. 2004b)n general, the SB6 scalescoreswere

not as impairedcompared to thage- and gendemachedgeneral populatioraswe haveshown previously
(Molsted et al. 2007, Molsted et al. 2004ah explanation for thigould betheresult of improved HRQOL

during the last decade patients undergoing dialysis. In a recent study HRQOL data from 1995 and 2006 in
patients undergoing HD were compared with data from the general popMtanirac et al. 2011 Data

from the studyof Mazairacand colleague011)seem to indicate thatudng the lastdecade HRQOL was
improved more in the patients tharas noticedn the general population. The authors proposed that the
improvement of HRQOL was associated with increased levels of haemoglubideareased phosphate
levelsin the blood On the other hand, the relatiydigh SF36 scores from the present study could also be a

result of inclsionof a selected group of patients.
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Theremight have beepositiveself-reportedeffects (e.g. less tidmess, less cellulite) which are not captured
in the included outcome measurements. Some of these effects might have been noticed ifHdR@&&n
measured using the disease specific questionnaire KBEFEJMolsted et al. 2005, Hays et al. 199Fhe
KDQOL-SFwas not used due to its length and due to the planned focus on physical function of the generic
guestionnaire SB6.

Physical performance in patients undergoing dialysis hasdteewn to bempaired in several studies and is
a treatment targeh orderto improve the ability to be physitalactive andtherebydelay the need for
personal physical assistandée improvementin physical performance and HRQOL in the present study
may be importanparameters for the patiento stay motivated towasdbeing physicdy active which may
havebenefitsfort h e pat i éhygdical actiiityeisaabsbcihated with decreased relative mortality risk in
patients undergoing HQTentori et al. 2010as well as in the general populatidrhus, keside effects on
physical performance and HRQG@he strength training may be associated with decreased mortality risk.
The results of thestudies from Cheemand colleague$2007) and Johanseand colleague$2006) differ
from the results ithe present study by reporting unchanghslsical performance arahly partly improved
muscle strengthfterstrength training in patients undergoing HD. One could speculate if thisuga®s the
training dosein the studies where the training was conducted during HD. Exercise during HD mayynot on
limit the choice of exercise but also the intensifith respect to thisstrength training during HD has been
shownto have othepositive effect on selfrated physical functioand it is time saving for the patientgho

may therefore find it attractive.

In a previousrandomizedstudy on patients undgoing HD we showed that aerobic capacity could be
improved by only twoendurance training sessi@er week forfive months(Molsted et al. 2004b)in the
same study we found an improved physical performamdlee training groupmeasured by a squat test but
without a significant difference betweethe training andthe nontraining control groups. #en though the
patients from oumpreviaus study conducted training only two times weetlttgir training dose may be
comparable to the present study due to 60 afitraining per session. With a modest effect on physical
performance in the previous stud@ncompassing endurance trainihg present studgf strength training
showeda morepronounced effect on physical performance with a significant difference betlatsn the

control and the training periods.

The signifi@ant improvemenbf muscle strengtland muscle poweras expected due to the dose, intensity
and progression in the training programrigée most pronounced effects were noticed in the dynamic
muscle power testhowingmean improvements @5% and 29% in thieft and right leg, respectivelyThe
muscle strength gaiin the leg press and the lenextensionoccured in spite of amodest muscle
hypertrophyat the fibre level andnay therefore mainlype achieved as a result of improvesuromuscular
functionincluding motor unit synchronizatiariThe improvemenin muscle strength in the present study was

achieved in parallel with an increasehe amplitude from the SEMG signal, which was an expected result of
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the strength trainingAagaard 2003)When the amplitude data were adjusted for the increased resistance
(lifted weigh9), the amplitude remained unchang&te reason for this finding is uncertain, but couldhse
result ofenhanced spatial summati@enneman et al. 1965f so, this could leado the suggestion that an
improved synchronization of the activated motor umts the main contributor to thenproved muscle
strength. The sEM®aseline recordingvas maddhree traiing sessions aftehe training programmaad
started The untrained patients might well have improvedithgeuromuscular function ithe very early
phase, which could then of causat be detected due to theature of thdesting protocolThus, using drue
baseline test may have been associated wihor but even furtherimprovements of neuromuscular
function It has to benotedthough, that thigype of signal analysiseveals a finding that isonsistent with
what is known to occur during the initigkriod following commencement of exercise train{gggaard
2003) Typically one observesan improvement in neuromuscular recruitment and activatbn
“coor di nat precedibra higpartrophy o yhese patits.

Previous data have suggested that neuromuscular funistiaffected byuraemia (Krishnan et al. 2005,
Harrison et al. 20063lthough dataconcerningpotentialneurotoxinswas beyond thaecope ofthe present
study. Besides which the strength of thigudyis that SEMG data wereollected with the same relation to
dialysis before and after the training periddws the major changes in neurotoxins noticed after dialysis
should not affectthe SEMG dataOf course recordings of SEMG from musclegto$ type ofpatient are not
without problens, and the interpretation of data should not be made without careful consider@tien
resultsmay be affected bgeveralparameterssuchas the cornfuration of the recording electrodes (size,
distance apart etc.), skin thickness and subcutaneous tissue composition and depth, blood flow, muscle fibre
diameter and orientation as well as the number of active motor units within tleeeifids Luca 1997)In
addition to these parameters are intermediate fa@etadingthe choice of electrode filter, the risk of cross
talk from adjacent muscles or underlying tissue, the occurrence of spatial filtering as a enoseaxjifibre
depth, the volume of the muscle that is detectable, and the conduction velocity of musclg¢lfibiisen et

al. 2012) However, most of these parameters where carefully controlled, midengata important in the

interpretation of théncreased muscle strength.

Previous studies have shown relalvéew type 1 fibres in patients undergoing HD compared to healthy
controls(Molsted etal. 2007, Fahal et al. 19971h our previous studwe did not findan association of low
type 1 fibreproportionsand pathology or physical inactivitiput there might be a connectidetween these
conditionssince the same pattern has been noticed imakgord injury subjects which are physichl
inactive and do not have neurological stimulattontheir musclegfAndersen et al. 1996However the
previous lowproportionsof type 1 fibres(Molsted et al. 2007)vere not evidentin the present stugyn
which the type Proportionwas closer to what can be expected in the general population

Before the training was conducted a reldtiveigh proportionof type 2X fibres wagound and sength

training generated a decreasé¢he relativenumberof this fibretype. This wasnexpectedinding since his
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outcome of higHoad strength trainingas been shown to be a robust response in healthy sulBjettsan et

al. 2004, Andersen & Aagaard 2008) more pronounced trafssmationfrom 2X to 2Afibreswas expected

if compared to a study on healthy subjects, who underwent a similar type and volume of strength training
with high loadsand a structured progressig¢Andersen & Aagaard 2000 he reasos for the limited
transformationobserved could be several, buay befound in difficulties of recruitingthe largetype 2X

motor urits duringvoluntarycontractions, a scenario that could exist especiallyfiaquentlyusedmuscles.
Furthermore, tis result may be influenced by the heterogeneous sample of patients with a wide range of
comorbidities and ag@\ndersen 2003)

It was expeted that the training dose used in the present study would increase muscl&veastough

body weight increased in the present study the liggury was very modest, since significant hypertrophy
was only obsrved in the type 2X fibre pool. It could be suggested that the expected hypertrophy may have
been suppressed by the patient d i s t temmb afpratet balamce Thus the achieved post exercise
protein synthesis mayavebeenexceeded by protein lakdown caused by uraen(iBailey et al. 2006)the
dialysis treatmenfLim et al. 2005) acidosigMay et al. 1986)low grade inflammatiofizhang et al. 2009)

IR (Pupim et al. 2005, Lee et al. 2007, Siew et al. 20038)low level of anabolic hormong&opple et al.

2006, Carrero et al. 2011n addition, increasingge diminislesthe protein synthesis raf&umar et al.

2009) Even when the protein supply and its potential subsequeteiprsynthesis were added to the
potential trainingnduced protein synthesis, no further hypertrophy was noticed. Although speculative, the
training period may not have been long enough to induce hypertrophy in this sample of chronic diseased
patients. e resllt is partly supported by earlistudies. Two previous studies have investigated the effect of
strength training on musc{eéSA in patients undergoing HD. Johansard colleaguef006)found a limited
hypertrophy of 2.5% Il€SA compared to a 6.8%irophyin acontrol groupand thereby a positive net effect

of 9.3% of the quadriceps muscle measured by magnetic resonance imaging, whereas @he&ema
colleagueg2007)found no significant hypertrophyvhen usingcomputed tomography saging. Compared

to the 6.8% atrophy durg a three montieontrol period reported by Johansand colleague$2006), the
nonsignificantatrophyin the control periodn the present studwas only 4.5% and 2.8% in the type 1 and
type 2 fibres, respectivelyn spte of an enhnced time frame of6 weeks (3.7 months) compared to the
period in the study adohanserand colleague006) When the changes during the control period and the
training period in the present study are combined, the tyiiiere2 CSA positive net effectvas 14.9%, but

this was not significant.

In regard to the lack of effects on muscle fibre size the result may be affecteyd®y 2 errorrisk. Even
though power calculations owrollecteddatashould be interpreted with cautioit may be performed to
suwggest sufficient numbeiof patients in coming studies. Whilst the mean CSA in type 2 fibres incrbgised

385 unt, the power based on the present data including 22 patients was only 29%. If the power should reach
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80%, then 76 patients should be includedsuming an equal data distribution and varianidaus such a
calculationsuggests high risk of a type 2 erron the preserdata

When the patients were stratified to those achiekiymertrophyand those not achievirfgypertrophyin the
type 2musclefibresafter strength traininghe only noticed difference was a wdigiain in the hypertrophy
group and a weight loss in tlagophy group. Thudn the collected datm the present patient samplevihs
not possible to suggest othariables associatedith chang in muscle fibre size aftéraining.

At pretest, the ratio between the size of type 1 and type 2 fibres sheamelwhatunusual values. In
general,andin healthy subjects the size of type 2 fibet®uldexceed or at leagtqualthe size oftype 1
fibres. In the majority of the patients from tlsitmdy the opposite was observed. The finding of this sgidy
supported by data from a previous sti8gkkas et al. 2003) whichthe CSA of type 1 fibres wes larger
thanthat noticedfor type 2 fibres in patients undergoing dialygisgphenomenon also shown inaamic men
with CKD (Clyne et al. 1993)Why this is so is difficult to say and we have no good reason to sufjthest

affectis due tathe disease itself or tHimited use of musckein patients undergoing dialysis.

At pretest IR wasobservedn 56% of the included patientthereby representingn important treatment
target. As expected there were patientshwindiagnosedype 2 diabetegExpert Committee on the
Diagnosis and Classification of Diabetes Mellitus 200Bhis was found in 11% of the patients and
emphasizes the need for attention towdints comorbidity in clinical practice.

The strength training improved insulin sensitivity in all patients, but when patients wereestratiiording

to their glucose tolerance diagmgsihe effects were presemtly in patients with IGT otype 2 diabetes
The effects were consistently shown in the AUC of total and incremental insulin as well as in the fasting and
2-hour pinsulin.

Fasting and hour pinsulin represent two aspects of insulin sensitivity in gskélauscle. The post prandial
2-hour pinsulin may provide amore pronouncedepreserdtion of peripheral muscle insulin sensitivity
compared to fasting-msulin, whichto a greater extenis based on a closed action between liver glucose and
the beta célfunction to maintain homeostaqiBaerch et al. 2010)This is in accordance with the results
from the present study where thieateseffect was noticed in thelour pinsulin aftertraining.

The effect on insulinsensitivity was achieved after a relativdimited weekly duration of training which
wasup tothree times 30 mirin relation to that it is important toote that the conducted exercagtivated

the large human skeletal muscles vastus lateralis, glutexximus and theamstring muscles. Thusyen
though theweeklytraining durationmaynot seemdng metabolism ray be changedhroughactivaton of a
largeamount ofmuscle mass.

In the present studylood glucose data mainedunchanged. Théasting vdues were in most cases within a
normal rangewhereas hour pglucose valuesxceeded the normal rangesgveral patientgvenafter the
trainingprogrammelt could be speculated that a prolonged period of training is necessary to decrease the 2

hourpg!l uc os e i n withitheisrelatiyelg inacteemusdes.
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Besides changes in intracellular pathwaesobictraining reduceIR throughan increased capillary density
increased mitochondrial densignd a changein fibre type composition, wheas $rength training besides
changingfibre type composition may be effective due toregasedmusclemass It is not surprising that
capillary density remained unchanged and muscle fibre type composition was changed by a relative decrease
of the numberof type 2X fibres in parallel witlan increase imsulin sensitivity. Type 2X fibres have the
lowest glucose uptake capacif@lsson et al. 2011and highproportionsof type 2X fibres have been
associated with the lagive risk of IR(Nyholm et al. 1997)The change imuscle fibre composition in the
present study fits well with the achieved effect on insulin sensitilityt other improvements the
metabolic capacitye.g. GLUT4 transporters, insulin receptors, glycogen synthase or glycogen theagls
also be involved

A decreasdn abdominal or other fatissueis associated with improved insulin sensitivi§acchi et al.
2012) In patiens with type 2 diabetes strength training may be associated with reduced fat mass whilst body
weight has been suggested to be std@erdon et al. 2009)Body composition was naneasured in the
presenstudy and iis thereforeunknownas towhether the improvemein insulin sensitivity wa associated
with a reduction irmbdominalor otherbodyfat. This ishoweverunlikely since the body weight increased in
spite of the modest muscle hypertrophy.

There were no eft#s on insulin sensitivityof combiring proteinwith training compared to the ngorotein
supply. The resudt of the present studgre supported by a recent study on obese patients tyib 2
diabetesin which ahigh protein diet and strength traininges not followed by a decreasm fasing p-
insulin more tharthatshown aftestrength training and a normal d{@Vycherley et al. 2010)

In regard to the lack of effects on thén@ur pglucose this result maysa be affected by a risk of a type 2
error. In a power calculation on the present data to suggest sufficient swhpatients irfuture studies p
glucose decreased by 0.99 mmol/l in 14 patients with M8fienp = 0.05 heresultwas associated with a
power of 25% and fi the power should reach 80%en 54 paients should be included. This calculation

suggestsotherhigh risk of a type 2 erronithe present study.

The present studgid not include aontrd groupreceivng high load strength trainingithout timed energy

supply. It is therefore unknown if the energy supplr sehad any additional effect on the outcome. It
cannot be ignored that even a mmotein energy supply on the exercise days could have mainor effect

on the outcomeOn the ther handprotein synthesis is induced by protein intake arstudy on healthy
subjects showed that protein homeostasis remained unchanged after a post exercise intakeotdimon
energy(Levenhagen et al. 2@Dand there are no data toggestthat his should be differentor patierts
undergoing dialysis. Furthewore, the patierd basic nutriti onawithsegaaditm s ma
achievingeffectswith a nutrtional supplement. With a low energy ikéaa nutritional supplement may be

used as energy rather themimproveprotein synthesisindinduce muscle hypertrophy, buthere was no

association between baseline eneigfake or baseline proteimtake and effects on muscle fibsize or
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muscle stregth. When the supplemented protein®fi gwas adjustedor daily protein intake per kg body
weight in the PR group, thereas no correlation to thelative protein supplement change irmuscle fibre

size after the &ining period.

The source of therotein supplemenivas based oteucine from whey, which has been recommended as a
relevant supply in relation to strength trainiim et al. 2010) While the source of the protein seems
adequate, the quantity ofgien suppliedmay not have been enough to achiameadditional effecin these
patients. Even though a study in older healthy persons showed effects of adding 10 g of protein after each
exercise sessiafsmarck et al. @1), this might not be enougb stimulate muscle protein synthesidich
exceeds protein breakdowm patientsmarked by diseaselatedcatabolsm The presen®9.4 g of protein in
relation to three exercise sessions per week is a relatively low acmuparedtothe at i entmesah dai |
protein intake per kg body weight. In relation to this it is important to thattenot only the amount but also

the timing of the additional protein intake is importabtit whilst studies proposing positive effect§ o
adding protein intake to strength trainidg exist evidence ofan effectin elderly persons istill debated
(Campbell 2007)Further studies of such interventions in patients with chroniaskseareow neede if

we are todraw more definitiveconclusionsabout such a relation and potential besetihe protein dose in

the present study was choserdésign an intervention that was possible to replicatdinical practiseLow
appetiteis common in patientsindergoing dialysind by reducing the phosphate and potassium in the
protein drinkas in the present studhe tast does not improve. Thusngestinga higher protein dose
immediately after traininghanthatused in this study may be possible in as&dpatientsample but may

not berelevantfor broader sampk The questiomemains as to whethan additional protein intake besides
what was ingested ithis study could augment the effect. Lim VS et al (2005) suggested that an intradialytic
nutritional supplement may blunt the catabolic effect of,Hihich may exceed the protein synthesis
achieved by the training and the pesaining protein intakeThe data are supported by an intervention study
in which patients improvetheir muscle strength anobdy weight aftesix monthsof protein supply during
dialysis(Dong et al. 2010)Thus, in order to decrease protein breakdown and thémgirpve the balance
between protein synthesis and protein breakdowntein suply during dialysis may have theame
relevance aa protein supply in relation to training in patients undergoing dialysis.

The data on energy and protein intake in the presteny was based on theepioussevendaysof food
intake. The method was chasdo simplify the collection of tlese dataven though more specific methods
may be more validSuchdata may beassociated with recallias and over or underestimations by the

patients and thereby represent a limitation inpitesentstudy.

The effects of thetested strength trainingay haveamportant clinical implications. It was safe anautd be
conductedvithin a 30 mintime frame Even though high loads aneeded to achieve the effeptesented in
this study, the exercises are simple and gp#its do not need special skillskde able tgerform themAs

in other clinical tria$ this studyincluded asampleof patients who fulfilled specific criterjdut there should
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be no reasons why broader pardf dialysis centre populations should mat able to participate in training
programmes like the present

The relativédy high percentage of patients with IGT ayge 2 diabeteanderscorgthe relevance of a focus

on | R. By wusing the fasting and t wawselolerancet willbe a o f
possible to identifyatients whanaybenefit from strength trainingith regard tansulin sensitiity.

10 Limitations in the study

In the previousparagrapklimitationsrelated to specific aread the studyhavebeen discussl. Asageneral
limitation the lack ofa control group receiving trainiranly should be notedrhis was notncludeddue to
the limited capacity in the trainirigterventionandthetrial period and would with the included number of
patients have miniméex the number of patierddlocated taeach groupln addition, tls studyis limited by
the relatively low number of participants.

Several outcome measurements could have been included and would with no doubt have improved the study.
The amount of outcommeasurements was limitdy the physical capacityf the chronic diseased
paticipants. The measurement of glucose tolerasmdd have been replaced tye gold standard
euglya@emic hyperinsulisemic clampechnique and theeasurement of muscle siagthe fibre level would
have been pradedby awhole muscle scaffacilitating the interpretation afmproved insulin sensitivity.

11 Conclusions

In conclusion, higHoad strength training was well toleratby patients undergointhis form of treatment

and the complianceto the training programmavas high Strength taining was associated with clinibal
relevant improvementsn HRQOL, physical performancemuscle power andnmuscle strength. The
magnitude otheincrease irmuscle strengticould not be explined bymuscle hypertrophy and may more
likely be related to neuromusculadaptationsFurthermore, strengttraining induced a decrease the
relativenumberof fasttype 2X fibresandin parallelincreasednsulin sensitivity.

The data from the presestudy did not reveal any indications of additional benefit of combining the training
programmewith atimed protein intake, which may be due to insufficient protein synthesis compared to the
increased protein breakdown in these patients and/or an irsdesqmount of ingested proteir@Given the
multiple positive effectshigh-load strength training should be recommended to patients undergoing dialysis,
whereaseffects ofcombinedtimed protein intakes a measof further improwng strength training wasot

evidentin the present study
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12 Perspectives

A strength trainingprogrammeas used in the present study or simpiezgramme including heavyoadscan

be used in clinical practice amatsoconducted by broader samplef patients undergoing diadis. The costs

of the training programme have not been calculated, but this kind of rehabilitation is Igeredagively
cheap, especially compared to the cadtglialysisand the costs associateith comorbidities thasuch a
programme may reduce. Asminimum the training programme should be recommended to the patients, who
can choose to follow the programme outside ofrtHalysis centre ifit is not implemented in the centre
itself. Thus, strength traing may not only be effectivimm the treatmehof dialysis patients but may alse b
used more widely to combat morbidities in other chronic diseas®r as a preventive measure to hinder or

slow down the development of morbidities associated with chronic disease.
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