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l. ABSTRACT

Chronic low-grade inflammation is an undesirabl@eseffect of ageing associated with
inactivity and obesity. Transforming growth facfp(I GF) is a multimodal protein with
various cellular functions ranging from tissue re®itng to regulation of immune
functions. According to recent literature, physipalformance, especially aerobic exercise
exerts beneficial effects to low-grade inflammatwhereas the influence of resistance

exercise training remains unclear.

This thesis is based on three papers out of thendié\ctive Ageing Study. Therefor, the
story of this thesis is based on standard valueBAR{} signalling and the difference in
young and old women, while in the second step itflaence of 6 months of progressive

resistance training was assessed on physical psafare parameters and T@Fignalling.

More precisely, the aim of study | was to invedigahether TGH signalling in peripheral
blood mononuclear cells (PBMCs) would differ betwegoung and old females and
additionally whether physical performance paransetérolder women would be related to
the expression of the signaling pathway. While setevels of TGH3 and TGFB levels
from PBMCs did not differ between young and old veemboth TGH3 receptor | (TGF-
BRI) and TGFBRII levels were lower in older participants. Intaiagly, high-sensitivity C-
reactive protein (hs-CRP) and microRNA-21 (miRNA-2dorrelated positively with
handgrip strength, while none of the T@#elated parameters were related to physical

performance.

Study Il was focused on the effects of elastic basistance training on muscular strength
in older adults living in retirement care facilgieTherefore, participants were randomly
assigned to one of three intervention groups: ta&si® exercise training (RT), RT in
combination with nutrient supplementation (RTS),cognitive training group (CT). Six
months of a low intensity resistance exercise uglagtic bands and own bodyweight is
beneficial in improving functional performance afsiitutionalised older people while
multinutrient supplementation did not lead to adgidonal benefits to the effects of RT in

improving muscular performance.

Further, study Il concerns the effect of the thidifferent interventions on systemic
inflammation and TG signalling in PBMCs. The improvements in physjsaiformance



were paralleled by a reduction in TGRI expression in PBMCs, while circulating
inflammatory markers were unaffected. Additionaltpm and vitamin supplementation did
not provoke further effects. Interestingly, muscwadurance of upper and lower body as
well as aerobic performance at baseline were negjgtiassociated with changes in
circulating TGFB during the first three months of intervention. Amer interesting outcome
of the study was that drop-outs were charactems¢anly by lower physical performance
but also by higher TGB-and TGFBRI expression, while miRNA-21 expression was
decreased in PBMCs.

Conclusively, strength training is beneficial ewethe oldest old and potentially influences
TGF{ signalling through increased receptor expresskanthermore, adherence to the
study was significantly related to alterationshe TGFg pathway at baseline.



Il KURZFASSUNG

Der Zustand eines chronisch erhéhten Entzindungjsl&ennzeichnet menschliches Altern
und steht in Zusammenhang zu Inaktivitat und Ubeige. Der transformierende
Wachstumsfaktof- (TGF) ist ein multi-funktionelles Protein, mit zahlrben Funktionen
auf Zellebene, welches gewebsmodellierende biszhinmmunregulierende Aufgaben,
erfullt. Aktuelle Studien zeigen, dass der korpedi Zustand insbesondere die Ausdauer
betreffend, die altersbedingte chronische Inflamomapositiv beeinflussen kann, wobei

dieser Effekt durch das Krafttraining bisher noathheindeutig belegt werden konnte.

Diese Arbeit beruht auf drei Publikationen innebhdér Vienna Active Ageing Study. Die
Geschichte hinter dieser Arbeit beschaftigt sickrgumit Normwerten von Parametern des
TGFf Signalweges und die Unterschiede zwischen jungehalten Frauen, wobei im
zweiten Schritt der Einfluss von progressiven Krafhing bei alten Menschen auf ihr

korperliche Leistungsfahigkeit und wiederum den T&s&ignalweg, untersuchte wurde.

Genauer gesagt, war das Ziel der 1.Stude, den d¢hied des TGEB- Signalweg von
peripheren mononukledren Blutzellen (PBMCs) zwisch#ngen und alten Frauen zu
erheben. Zusatzlich wurde der Einfluss von spdwlicLeistung auf TGB- und den
Rezeptoren erhoben. Die Ergebnisse zeigten, daBsT&F$ im Serum und TGEB-in
PBMCs zwischen alten und jungen Frauen nicht uchézden haben, wahrend geringere
Konzentrationen sowohl im TGF-Rezeptor | (TGB-RI) als auch im TGEBRII in der
alteren Population festgestellt wurden. Interessamise korrelierten hs-CRP und
microRNA-21 (miRNA-21) positiv mit der Handgriffkita Dartiber hinaus wurden keine

signifikanten Korrelationen zu korperlicher Leisgugefunden.

Studie 2 beschaftigte sich mit dem Effekt von Krafhing mit elastischen Bandern auf
verschieden Kraftparameter bei élteren Personern diensionisten-Wohnhausern wohnen.
Dazu wurden die Probandinnen randomisiert einerfetgenden drei Gruppen zugeteilt:
Krafttraining (RT), RT in Kombination mit einem edreichen Nahrungssupplement
(RTS), oder kognitives Training (CT). Herausgefumdeurde, dass sechs Monate
progressives niedrig intensives Krafttraining digderliche Leistungsfahigkeit verbessert,
wobei eine zusatzliche Nahrungserganzung zu kgjni#eren Effekt fuhrt, als das Training

alleine.



In der 3. Publikation wurde der Effekt der versdeieen Interventionen auf die chronisch
erhohte Inflammation und den T@FSignalweg in PBMCs untersucht. Daraus resultierte,
dass die Verbesserungen in der kdrperlichen Legsihoih einer Reduktion des TGIRI in
PBMCs einhergingen, wobei die Inflammationsmarkanveséandert blieben. Eine
zusatzliche Nahrungsergdnzung hat auch hier zu ekeidWerdnderung gefuhrt.
Interessanterweise zeigte die Kraftausdauer deenhend unteren Extremitaten sowie die
globale Ausdauer eine negative Korrelation mit deranderungen im TGB- Ein weiteres
interessantes Ergebnis liefert die Analyse deresdgedenen Personen, die nicht nur durch
eine geringere physische Leistungsfahigkeit chareaért waren, sondern auch durch eine
erhohte TGH und TGFBRI Ausschittung, sowie eine verringerte miRNA-2JpEession

in PBMCs.

Zusammenfassend kann man sagen, dass sich Kraftgauch im hohen Alter positiv auf
die korperliche Leistungsfahigkeit auswirkt, undgti¢herweise durch die Erhéhung des
Rezeptor 1 einen Einfluss auf den T@GBignalweg hat. Zusatzlich hat sich gezeigt, dass
ein frihzeitiges Ausscheiden aus der Studie miereverstarkten Expression im TGF-

Signalwerg bei den Ausgangswerten einhergeht.
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1 Introduction

1.1 Aim of the doctoral research

The Research Platform Active Ageing was approveeadrly 2011 and conducted as a
multicentre study by the Department of Nutritio&aliences, Centre for Sport Science and
University Sports (Department of Sports and Exer&ikysiology) and the Karl Landsteiner
Institute for Remobilization and Functional Healithe aim of the study was to capture the
effect of training with and without additional caey supplementation on muscle strength, -
function and -mass, immune system, molecular mesmeific markers, DNA-damage and

oxidative stress parameters in old institutionalisebjects.

The focus of this doctoral research was the infteeof age and physical performance on
immunological parameters in old persons. Therefoeefirst scientific task was to get an
overview of the differences between young and althjexts. Those immunological
alterations were measured in the circulating aficaellular transforming growth fact@r-
(TGF) and its related parameters like TBReceptor | and 1l (TGBRI/II) as well as
microRNA-21 (miRNA-21) in peripheral blood mononeat cells (PBMCs) beside other

circulating inflammatory parameters.

The second part of the doctoral research was thermpart of the Vienna Active Ageing
Study (VAAS), broach the issue of the influenceaosix month progressive resistance
training with elastic bands compared to trainingosapanied by nutritional supplementation

and cognitive training in institutionalised old pens.

The third and main part of this thesis is focuseddaptions of circulating as well as
intracellular TGFB signalling and inflammatory parameters after ilkensonths of

intervention.

1.2.1 Ageing and the inflammatory adaptions

Active and healthy ageing remains one of the maaisgjof modern society as the occurrence
and management of age-associated diseases suchtasoht disorders, cardiovascular
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diseases, cancer, and cognitive impairments remradeuge burden to the individuals, their
families and the national health care systems iegs.

Ageing is characterized by a complex remodelinghafusands of biological variables
necessary for maximizing the feasibility of surVjvhased on the product of genetic,
environmental and stochastic facfor®uring the last decade, several declarations and
hypothesis of ageing occurred, whereby the inflattonahypothesis of ageing attracted
most attention. The ageing process is accomparyiedchronic low-grade inflammation in
older subjects compared to yountydihis chronic low-grade inflammation is also tethaes
"inflammageing" by Francescéhi The process is described as a global reductiotié
capacity to cope with a variety of stressors amgracomitant progressive increase in pro-
inflammatory status Thereby the activation of redox-sensitive traipgimn factors by age-
related oxidative stress causes the up-regulatigmmainflammatory gene expression in a
variety of different cell types, resulting in a laywade chronic systemic pro-inflammatory
stat@. More precisely, this state is characterized blyageed levels of pro-inflammatory
cytokines interleukin-1 (IL-1), interleukin-6 (IL}@&and tumour necrosis factor{TNF-u).
Those cytokines have been shown to rise with agebannvolved in the pathogenesis of
most age-associated diseddeEvidence is based on vitro and in vivo studibsysng that
IL-6 and TNFe can inhibit protein synthesisC-reactive protein (CRP), an acute phase
protein produced by the liver in response to IlisGalso a useful marker of inflammageing
and moreover a predictor of risk for cardiovascalad other diseases

Those inflammatory imbalances are even associatdfrailty and the development and
progression of severe age-related conditions Bkdiovascular diseases and type 2 diabetes
mellitus. Moreover, this ongoing phenomena is alyigignificant risk factor for both,
morbidity and mortality in older people, as moshdt all age-related diseases share an
inflammatory pathogenesfyFigure 1).
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Figure 1: Relationship between pro- and anti-inflammatioageing (Baylis et al. 2013)

Conclusively, chronic inflammation in older persa@ contribute to loss of muscle mass
and strength and the combination likely leads peretual cycle of poor function capacity,
low physical fitness and persistent inflammatioroamolder subjects

The parallel and related ongoing biological processurring in age concerns the
progressive deterioration of adaptive and innatenume responses, as a result of age-
dependent decreases in immunological competenaisggnown as ‘immunosenesceriée’
13 In this scenario, the ageing process is relat@thanges in the numbers of innate immune
cells, which can be explained in some cases byettistribution of cell subséts Generally

a reduction of the natural killer (NK) cells medidt cytotoxicity and disturbances in
macrophage-derived cytokine release, lead to isedgrevalence of infectiofs In
general, ageing is associated to decreased maitidna of innate immune cells, caused by
an altered signal transduction pathways and chaimgdse expression of various innate
immune cell receptors. As a consequence of theseges, the ability to collaborate in the
initiation of the adaptive immune response cannbygaired. Panda et al. (2009) also note
that normal human ageing affects several aspethe @inate immune response, which leads
to a reduced ability to provide the prompt respdnséral and bacterial pathogens and also
to influence and integrate with the adaptive immuespons®. Pawelec (2007) declares
that immunosenescence contributes to heightenedepiitsility of older subjects to
infectious diseases. However, the defense agaatisbgens is impaired mainly because of
alterations in adaptive immunity mediated by B @nzkllst’. Interestingly, Spielmann et al.
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(2014) reported that relations between obesity Bro@ll differentiation are associated to

immunosenescence in adolesc&hts

Nevertheless, the precise etiology of inflammageargl its potential causal role in

contributing to adverse health outcomes remairelgrgnknowr®.

1.2.2 Transforming Growth Factor-

Pioneers in the field of molecular biology in 198@sre used to research a hormone with
one main function and this function only. The nfulictional nature of transforming growth
factorfy (TGF{) does not fit with this paradigm. The effects &g&H were different or

even opposite, depending on the cell type anddhéitiong®.

The effects of TGH- are mediated by three ligands, namely TAFTGF$2 and TGH3
through TGFB type | and type Il receptdfs Among these three isoforms, TRE-is
predominantly expressed in the immune system bigréifit lineages of leukocytes and
stromal cell$. Unlike most cytokines, TGB-is synthesized as an inactive large precursor
molecule containing a self-inhibiting propeptideaddition to the active form of TGJF-
Proteolytic processing results in a heterodimertaiamg an active TGIB-in association
with either a latency-associated protein or a lat€F{} binding protein, which keeps TGF-

B inactives® 24 Under physiologic conditions, active T@GRound, or an intracellular soluble
form is liberated from these proteins following amehal stimuli from acidic pH, integrins,

thrombospedin-1 and proteases, enabling it to éseftinction by binding to its receptér
25

TGF is known as a potent regulatory cytokine with dbeeeffects on haemopoietic cells
and a pivotal function in the immune system throkeéping tolerance via the regulation of
lymphocyte proliferation, differentiation and swal®. Moreover, TG controls the
initiation and resolution of inflammatory responskesough the regulation of chemotaxis,
activation and survival of lymphocytes, NK cellgndritic cells, macrophages, mast cells
and granulocyté$. Hs-CRP has been shown to directly stimulate PGfd induce other

genes that contribute to collagen deposffion
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As an example of this dual function, under theuefice of the TGPB-cytokine TH17 as
well as Treg cells can develop from naive CD4+mpiocyte precursoi$* The presence

of TGF$ leads to a differentiation of naive T cells intoed cells that express the
transcription factor forkhead box 3In contrast together with IL-6, which is produdad
the activated innate immune system in case of figfleor inflammatiod?, TGF{ induces
the differentiation of naive T cells into TH17 sethat express the transcription factors
Retinoic acid receptor (RORy) and ROR while IL-6 inhibits the Treg cell differentiation
that is induced by TGB*. Summarised, TGF-beta inhibits the development of
immunopathology to self or nonharmful antigens withcompromising immune responses

to pathogert.

In tumour progression, TGFhas a decisive role through suppressing inflamomatvhich
can drive tumorigenesis and also affect the redmgniand destruction of tumour cells
through the regulation of immune cell functidnTherefore, high levels of TGf-are
produced by many types of tumours including melaam®and cancers of the breast, colon,
esophagus, stomach, liver, lung, pancreas, prosiaté hematologic malignanciés®
Interestingly, in early stages of tumourigenes(S8FI seems to act as a tumor suppre$sor
Conclusively, TGH3 has either a tumor-suppressing or tumor-promotfagction

depending on cellular contéxt

1.2.3 TGF-p Superfamily

The TGF$ superfamily contains more than 30 structurallyated polypeptide growth
factors including TGMPs (1-3), activins (A,B), inhibins (A,B), bone moenetic proteins
(BMP) (1-20), growth differentiation factors inclmg myostatin, nodal, leftys (1,2), and
Mullerianinhibiting substancé% 3" 38 39 TGF$ superfamily members are expressed in most

cell types and play essential roles in differergiatind tissue morphogenesis
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Figure 2. TGF superfamily members depicted in form of a phylagentree (Shi et al., 201*)

The TGFB receptor system, its activation mechanism and SNyddeins, which function
both as substrates for T@Rs and signal transducters, came to light in gaigicessiof?.
Upon phosphorylation by the receptors, SMAD cometexranslocate into the nucleus,
where they cooperate with sequence-specific trgptgmm factors to regulate gene
expression. The vertebrate genome encodes mamgégewer type Il and type | receptors,
and only a few SMADs (Figure 3). In contrast to phexceived simplicity of the signal
transduction mechanism with SMAD, the cellular mses to TGF-beta ligands are
complex and context depend&niThe TGFBRII is the specific receptor for TGFligands,
produced as latent high molecular weight complexat, high affinity once activated by
proteolytic cleavage or structural modificatiortioé latent TGH complexe¥. In total, five
type | (activin-like receptor kinase family) andvea type Il receptors have been fully
identified™.
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Smad-dependent TGF-f Signaling Smad-independent TGF-f3 Signaling
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%Smads Do, Target

Nucleus @_T s

Figure 3: Smad-dependent and Smad-independent signalingviajoT GF$ binding to its
receptor (Chang et al. 2002)

The members of TGB-superfamily normally function to regulate embryodevelopment
and cellular homeostasis, including regulation afliferation, differentiation, apoptosis,
and extracellular matrix remodeling in a cell amhtext specific mann&t Furthermore,
alterations in TGH superfamily pathway, including either germ-linesomatic mutations
or alterations in the expression of members ofdlsggnaling pathway often leads to human

disease, including developmental disorders, vasdigaases, and canter

Not only the pivotal protein TGB; is associated to cancer but also the PRB: Both the
TGF$Rs type | and Il as well as SMAD proteins are madan several cancer diseases
while, TGFRII inactivating mutations are frequently founddalon cancers associated
with microsatellite instabilit? 44 More detailed, TGB- RIl and SMAD4 are commonly
inactivated through mutation and loss of heterogitgan several types of carcinofia
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1.2.4 miRNAs

There are three main types of the ‘classic’ ribdeigcacid (RNA), namely the messenger
RNA (mRNA), the transfer RNA (tRNA) and the ribosahRNA (rRNA). mRNAs are
translated into proteins while tRNA and rRNA haveusekeeping roles during this
translation proce4s However, small RNAs like microRNAs (miRNAs) aretriranslated
into proteins. Lin-4 and let-7 were the first twoRNAs discovered and identified in the

1990s, in worm Caenorhabditis eleg&ns

MiRNAs are small non-coding RNAs, about 22 nucléesi (nt) long, with an important role
as regulators of post-transcriptional gene expoedsy inhibiting translation of their target
proteins or by degrading the respective mRNA. They bind to the BITR of the target
MRNA, and the specificity of the binding is dictt®ainly by the seed region of the miRNA
(from 2 to 8 nt). Hundreds of target genes, oftetoiging to the same pathway, are
regulated by the same miRNA. To increase the caxtgl®f this post-transcriptional
regulation several miRNAs can target the same ¢rpt€.

It has become evident that miRNAs might regulateuiands of human genes by either
mRNA degradation or suppression of mMRNA transldfioRecently it has been estimated
that 84—89% of miRNA-induced suppression of gen@ession is the result of degradation
of target mMRNA%. Currently, close to 1,900 human miRNA precursanes listed in the
miRBase registry, which give rise to 2,588 matuiBNAs>?: °2

In detail, the miRNA-biogenesis starts with tramsoon of miRNA genes by RNA
polymerase Il or 11l to generate primary miRNA tsaripts (pri-miRNA) in the nucled? >+

55 (Figure 4). In the next step the primiRNA tranptsiare processed by the microprocessor
complexes Drosha-DGCRS, resulting in about 70 ngylpre-miRNAS> °¢ 57 The hairpin
formed pre-miRNAs are exported from the nucleusugh Exportin 8. Then pre-miRNAs
are processed into about 22 nt long miRNA duplgra®NA/ miRNA*) by RNAse li
Dicer®®, It continues with miRNA biogenesis the functiostiinds of the miRNA duplexes
are bound by Argonaute proteins to form RNA-indusdéncing complexes (RISC),
whereas the other strands of the duplexes are disgdifaThe single strands of mature
MIiRNA guide RISC to its target mMRNAs to downregelgene expression by suppressing
mRNA translation or mRNA degradatitin
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Figure 4: Biogenesis of miRNAs (Blahna & Hata 203%2)

MiRNA regulation itself can be influenced by SMAD%is regulation can be classified into
two different mechanisrfis The first type is described through transcripgiaregulation of
mMiRNAs by SMADs largely which resembles the canahicGF{} signaling pathway. The
binding of a TGR3 ligand results in phosphorylation of a receptgutated SMAD (R-
SMAD) and the formation of an R-SMAD / Co-SMAD hegdimer, afterwards the complex
is translocated to the nucleus and binds to the BNdding element (SBE) to regulate the
transcription of miRNA genes either positively aggatively, to undergo regular miRNA
processing. The second mechanism is the posttranscriptioagllation of miRNA
biogenesis that acts on pri-miRNAs in the cell suét™ %2 The phosphorylation of an R-
SMAD induces the import into the nucleus whereeitagnizes and binds an SBE-like
sequence that is located in the stem section optik@iRNA. Next the R-SMAD recruits
the microprocessor complex Drosha-DGCRS8 to therpRNA to stimulate processing of
the pri-miRNA into pre-miRNAL 62 Interestingly, TG and BMP modulate the fast
posttranscriptional induction of miRNA-21 and miRNAR9a in human pulmonary smooth
muscle cell® (Figure 5). Further research revealed even moRNAB, including miRNA-
105, miRNA-215, miRNA-421, miRNA-509 are regulatedst-transcriptionally by BMP
and TGFB®2,
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Figure 5: Regulation of miRNA expression by SMADs (Blahna &tel 2012%°

In addition, miRNAs can target SMAD protetfisMost SMAD proteins are targeted from
even one or more miRNAS Marquez et al. (2010) showed that miRNA-21 doegulates
SMAD?7, which is a negative regulator of T@Fsignalling®. However, miRNA-21 is a
validated target of both TGBRI and TGFBRII®* (Figure 6). Moreover, an overexpression
of MIRNA-21 is associated with elevated levels @b-mflammatory cytokines in a

dominant-negative TGBRII mouse modé¥.
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Figure 6: The TGF-beta signaling pathwdy

It seems therefore reasonable to expect that miRNAave been shown to regulate many
biological functions including ageing and seemsbé&a key regulator of immune cell
function and development as well as disease patiesi® ©°’t Therefore, the function of

mMiRNA-21 is focused and more precisely describeithig doctoral thesis.

Regarding cancer, the identification of severabets of miRNAs which are actually
classical oncogenes or tumour suppressors has thd widely accepted idea that miRNAs
play pivotal roles in cancer initiation, progressiand metastagis 't MiRna-21 was first
noted as an apoptotic suppressor in various cekli but it plays also a crucial role in a
plethora of biological functions and diseases iditlg cardiovascular diseases and
inflammatiorf? "3 Asthma is a chronic inflammatory disease charaeté by inflammation

of the airways, tissue remodelling and decreassuinaory function. MiRNAs may play an
important role in asthma as it is characterizedmmrked changes in gene and protein
expression in the lurify More precisely, IL-12p35 expression is downretgdaduring

asthma, which is correlated with increased expoessi miRNA-21°,
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Furthermore, miRNA-21 was induced in 8 of 10 integfimuscular diseasé@sSoares et al.
(2014) have shown, that gain and loss of functigreements in vivo revealed that miRNA-

206 and miRNA-21 were sufficient and required fisophy programmé$

Summarised, recent data have demonstrated thath&lsxpression of miRNAs in PBMCs
changes with ageing, suggesting that miRNAs ani finedicted targets may be potential

diagnostic indicators of aging and/or age relaisdases.

1.2.5 Influence of physical fithess on immunological parmeters

The loss of muscle mass and function, the so cabecbpenia, is a consequence of human
ageing. The increasing prevalence of sarcopeniacdtidal illness in older subjects has
resulted in a deadly intersection of disease ps®E#s The lethality of this combination
appears to be the result of altered muscle metshpliecreased mitochondrial energetics
needed to survive critical illness, and a chromycattivated catabolic state likely mediated
by TNF-a’8.

Although exercise programs can prevent or amebkdfas ageing process, the effectiveness
of exercise interventions to build muscle and gffeetabolic improvements is less efficient
in older individuals compared to youfigLutz, 2012, 22935594). Those differences in
trainability occur due to multiple cellular and biemical changes like inflammatory

processes, as mentioned before.

The second point is the gain of adipose tissue seriaus issue in ageing and a growing
health concern in all ages. Importantly, the coratian of obesity and sarcopenia carries a
high health risk®. Lutz et al. propose that the link between bodyjgosition (the increased
ratio of fat to muscle) and immunity in ageing caasn an increased expression of
adipokines and decreased expression of myokineésatfext immune systefd Or rather,
myokines have a pivotal role in the protection aghdiseases associated with low-grade
inflammation, hyperlipidemia, cardiovascular dissagsype 2 diabetes, insulin resistance
and cancer and they are involved in the mediatfdrealth-beneficial effects of exerctSe
Myokines are secreted by contracting skeletal nessehto the circulation, while some
directly act on the muscle its&f82 Furthermore, myokines are able to create a system
anti-inflammatory environment and provoke specéitdocrine effects on visceral §at
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With respect to exercise, one well researched nmgolg IL-6. This IL-6 is expressed by
type 1 and type 2 muscle fibres and acts direotiheé muscle and peripherally in different
organs via a hormone like w&yIn inactive muscle, the cytokine encoding gensilent,

but it is activated rapidly when muscle starts ¢mtcact®. In general, IL-6 is the first
myokine / cytokine released into circulation duragrcise and it can increase up to a 100-
fold concentratiof?.

Pederson et al. (2004) have shown that skeletatlmosintains its function as an endocrine
organ in age, although even a normal capabiliti_ed cytokine production and release is
preserved in healthy old compared to younger aulihe increase in IL-6 induced by
exercise depends on several facts like exercisgidar intensity, recruited muscle mass and
the individual endurance capaétyHowever, chronic exercise leads to reduced lef/gl-

6 as shown by Lima et al. (2015), examining 10 wsewkaerobic exercié®

In general, IL-6 derived from muscles, seems tdoihlow-grade production of TNIle; thus
TNF-o induces insulin resistarfe Pederson (2011) described that the reaction decise
is characterized by a distinct increase in IL-8lofwed by IL-1ra, TNF-R and IL-10 as
similarly shown by Gleeson (2006) (Figure 7).

e |L
ey

IL-13

Halaliva increaze in plesay cancenimlion

Figure 7: Changes in cytokine levels after intense exercdegson, M. (20065.
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In higher aged women, a recent study has showrstretgth training alone did not change
any inflammatory parameters while strength trairdambined with fish oil supplementation
enhanced the production of several cytokines (eten-y, IL-2, IL-6 and IL-10%°. Touvra

et al. (2011) have shown that strength training lwoed with aerobic exercise training
increased circulating TGB-and reduced hs-CRP without altering the leveld f, I1L-10,
interferony and TNFe in older patients with type Il diabetés

Besides myokines and cytokines, many other inflatorggrocesses occur during and after
exercise. Also in miRNAs a lot of changes occur ttuexercise training. Acute as well as
chronic endurance exercise can provoke rapid miRN@stmentd. Russel et al. (2013)
have shown that an acute bout of endurance exeatisemoderate intensity leads to a
decrease in miRNA-9, -23a, -23b and -31 while miRNA133a, -133-b and -181a were
increased 3 hours post exercise. Interestingly,dags short-term training resulted in
enhanced level of miRNA-1 and -29b, whereas miRNA@mained on a decreased level
similarly to acute exercise b8atAnother acute and brief exercise examined a 2bmirt

of cycling for 10 times interspersed by a 1-mimast which leaded to significantly altered
numbers of miRNAs in monocytes in 12 healthy, npeticipant®. Nielsen et al. (2014)
observed that acute aerobic exercise and endutemingng showed a significant decrease
in the circulating miRNA-146a, but no effect on MiR-21 level directly after the exercise
while a decrease in miRNA-21 was found after theol&hintervention period. In
circulating miRNAs, Baggish et al. (2011) have shothat after an exhaustive cycling
exercise miRNA-146a and miRNA-21, were significgntp-regulated directly after acute
exercise but decreased after one hour of rest.t€kisvas repeated after 90 days of rowing
intervention with the result that only miRNA-14@hsplayed a further significantly
increased plasma concentration immediately follgwirhile both, levels of miIRNA-146a
and miRNA-21 were still enhanced at rest in congmarito each individual's resting

baseliné*.

Focusing strength training, Davidsen et al. (2084gmined the differences of 56 young,
healthy men, divided into ‘high responders’ andvlcesponders’, after performing a 12-
week resistance training program 5 days per westerdstingly, miRNA-451 was up-

regulated while miRNA-29a, miRNA-26a and miRNA-3¥8re down-regulated in muscle
of low responders, although no changes in higharders were fourfd
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Although studies concerning strength training andNAs are rare, current studies indicate
that miRNA-21 is associated to muscular functiod seems to be up-regulated in agéing

2,78 Therefore, miRNA-21 is focused in this investigat

The positive effects of resistance training on egdated loss of muscle mass and function
have been shown repeateilyRecently TGH pathway was converged as a modifier for
muscular dystrophy besides regulating inflammatuocesses$ ¥, but data investigating

the effects of resistance training on T@GIsignalling are scarce. Thus, exercise training

supplemented by dietary intervention is not yetaeshed concerning TGF-beta pathway.

29



2 Methods

Shortly, the Vienna Active Ageing Study (VAAS) wa®nducted in a randomized,
controlled, observer-blind design. The participamse randomly divided into three parallel
groups — resistance training (RT), RT combined witltritional supplement (RTS),
cognitive training (CT) — and matched for gendelodd samples were collected and
physical performance tests were executed befaer, thiree months and after six months of
intervention. The aim of the primary VAAS was te@ss and compare the effects of either
a resistance training intervention, a resistanaéitrg and nutritional supplementation

intervention or a cognitive training intervention mstitutionalized older people.

This thesis is focused on the T@Fsignalling changes and the inflammatory effects
resulting from the intervention. To have an ideatahdard values and to judge changes in
consequence of the intervention, firstly we comgafr&F{ signalling parameters of old
subjects with younger participants. Furthermoreeission of TGFB pathway to physical
performance in older participants at baseline wasrened.

Second paper deals with the main outcome of sixthsoof intervention on physical

parameters, thus the base of the VAAS.

The third publication focusses the T@Fsignalling and its changes after three and six

months of intervention.

In accordance to different aims in those three pgptudy population, measured parameters

and statistical analysis differ. Therefore, dethileethods are pointed out in current paper.
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ABSTRACT

Rationale: The TGF-f superfamily has been shown to play an
important role in a wide range of physiological as well as
patholagical processes including ageing, immune modulation,
atherosclerosis and cancer development. The aim of the cur-
rent study was to investigate (i) whether TGF- signalling in
peripheral blood monanuclear cells (PBMCs) would differ
between young and ofd females and (i) whether physical per-
formance parameters of elderly women would be related 1o
the expression of TGF-f or its recepiors.

Methads: Sixieen J:Iimfi‘.fr‘v voung (22-28 yvears;, YF) el 9
healthy older (65-92 years; OF) females participated in the
study. In addition to several components of health-related
phvsical fimess, circulating CRP and TGF-ff levels were
determined together with the mRNA expression of TGF-f,
TGF-RI, TGF-RRIL and miRNA-21 (known to interfere with
TGF-f} signalling) in PBMCs,

Results: Physical ﬂm.:-.u' as determined by 6-mimstes walking
test (YF:median 932 frange 573-1254) m: OF:360 ([14-538)
m), handgrip strength (YF: 32 (24-39) kg OF: 18(10-30) kg),
relative isokinetic pfu.k torgiie q,f'i"rn'r extensors (YF: 1.9 (1.2-
2.3) Nk OF:1.0(0.2-1.9) Now/kg and flexors (YF: 1.1 {i).7-
1.5) Nmdkg: OF: 0.5 (0.2-1.0) Nmikg was substantially lower
in older women (p<0.001 for all comparisans). These
changes were paralleled by an increase in hs-CRP (Y, (09
(0.4-4. 3 g/l OF: 2.3 (0.3-56. 7 mg/L,p=0.001). Serum lev-
els of TGF-f§ and TGF-f mRNA levels from PEBMCs did not
differ between young and old women whereas, both TGF-
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JRIVGAPDH (YF: 4.07 (1.38-14.600; OF: 2.08 (0.14-28.81);
p= 00200 and TGF-FRIVGAPDH levels (YF: 316 (1.14-
10.25); OF: 171 (0.51-14.86); p=0.020} were lower with
respect to ofd age. In elderly women, only TGF-SRI expres-
sion correlated negatively with miRNA-21 expression in
PBMCs (p=-0.315; p=0.004). Intevestingly, hs-CRP and
miRNA correlated positively with handgrip sirength (p=0.237
and p=243, p<0.05), while none of the TGF-f-related param-
eters were related 1o physical performance.

Conclusion: The results suggest thar age affects TGF-ff sig-
nalfing in lewkocyies by altering the expression levels of its
receptors. These f.'l'iﬂ.'}gfx seeim 1o occi fﬂn‘qmmx'ﬂl-'{]' z:;r'
physical fitness of old women.

Key Words: Inflamm-ageing. TGF-f Pathway, TGF-[ recep-
tors, microRMNA-21, physical performance, Vienna Active
Ageing Study

INTRODUCTION

Although the causes of human ageing are multifaceted, the
molecular inflammation hypothesis of ageing implies that
increased oxidative stress will lead to the activation of redox-
sensitive transcription factors which in turn enhance the
expression of pro-inflammatory genes in a variety of different
cell types (8). As a consequence ageing is associated with a
chronic inflammatory state, where pro-inflammatory factors
such as tumour necrosis factor-o (TNF-a), interleukin-6 (IL-
6} or C-reactive protein (CRP) are continuously present (over
years) at levels higher than baseling but much lower than
those found during acute inflammation (11, 64). Chronically
clevated levels of IL-6 (> 2.0 ng/L) of middle-aged persons
reduce the chance of successful ageing and increase the risk of
future cardiovascular events or non-cardiovascular death later
in life (1). Up 1o now it is unclear whether the main source of
these pro-inflammatory factors is the chronically activated
immune system (inflamm-ageing) or the senescence of cells
with their senescence-associaied secretory phenotype (SASP)
leading to an enhanced secretion of pro-inflammatory media-
tors (15, 16, 18, 27).



Besides being associated with age-related discases such as
diabetes mellitus type 2, cardiac illnesses or neurological dis-
cases, chronic subclinical inflammation may also contribute
to impaired physical function in older adults, Several large
scale studics have revealed that higher levels of circulating
CRP or IL-6 arc associated with lower physical performance
such as handgrip strength or gait speed (4, 7. 12, 51). While
alterations in TNF-u, IL-6 or CRP in response to ageing,
physical inactivity as well as acute and chronic exercise have
been studied extensively (14, 38, 42), much less is known
about the involvement of transforming growth factor-f (TGF-
) in this context.

TGF- 15 known as a potent regulatory cytokine with diverse
cffects on hacmopoictic cells. It has pivotal function in the
immune system through keeping tolerance via the regulation
of lymphocyte proliferation, differentiation and survival (28).
Furthermore, TGF-f} controls the initiation and resolution of
inflammatory responses through the regulation of chemotaxis,
activation and survival of lymphocytes, natural killer cells,
dendritic cells, macrophages, mast cells and granulocyies
(31). It has been suggested that the age-associated dysregula-
tion of the immune system might be caused by a decreased
expression and functioning of receptors or signalling rafts
and'or defeets in signalling pathways finally leading to altered
function of immune ¢ells and immunosenescence (25). TGF-p
mediates its biological function via binding to type 1l and
forming a complex with type | transmembrane serine/threo-
nine kinase receptors (TGF-PRI, TGF-BRID). Ligand binding
assembles a complex consisting of two type | receptor compo-
nents and two type 11 components, wherehy the type | compo-
nents are phosphorylated further activating intracellular Smad
proteing whose nuclear localization is required for the tran-
seriptional regulation of target genes (35).

Interestingly, TGF-p signalling is intimately involved in bio-
genesis and control of microRNAs (miRNAs) as Smad pro-
teins play a regulatory role in the processing of miRNAs in
the nucleus (2, 21). MiRNAs are small non-coding RNAs that
affect gene expression cither by inhibiting translation of their
larget proteins or by degrading the respective mRNA (67).
They have been shown to regulate many biological functions
including ageing, immune function and the response to exer-
cise (33, 36, 53, 63). It also has been suggested that senescent
donor cells contribute to SASP by secreting not only soluble
proteins but also microvesicles containing miRNAs which are
taken up by recipient cells and may cause or contribute 1o age
related pathologics like ostcoporosis, atherosclerosis,
Alzheimer's discase or diabetes mellitus, type 2 (62). Several
miRNAs such as miRNA-155, -146a and -21 are invelved in
the regulation of inflammation by controlling Toll-like recep-
tor or nuclear factor-kB (NF-kB) signalling (43, 48). MiRNA-
21, despite being well established as an “onco-miR” due to its
aberrant expression in numerous cancers, seems 1o be of par-
ticular importance as it links inflamm-ageing to cellular
sencscence (44). Intracellular as well as circulating miRMA-
21 levels are higher in elderly in comparison o young sub-
jects or centenarians. This is associated with a lower TGF-
PRII expression in leukocytes (46), whereby TGF-BRII is a
validated target of miRNA-21 in adipocytes (24) and colon
cancer cells (66). Mice lacking the TGF-BRIT develop an
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autoimmune biliary ductular discase similar to human primary
biliary cirrhosis. Using this experimental model it has been
shown that the lack of TGF-[8 signalling leads to a down-regu-
lation of several miRNAs in T cells but interestingly to an up-
regulation of miR-21 concomitant with an increased produc-
tion of TMF-a and interferon-y (2). It is hypothesized that the
up-regulation of miRNA-21 is caused by a dysregulated gene
expression normally controlled by TGF-p. This would result
in the activation of inflammatory pathways such as NF-xB
which dircetly or indirectly (via induction of miRNA-21})
leads to an up-regulation of inflammation. Another possibility
is that a global down-regulation of miRNA expression induces
multiple genes causing inflammation; this in tumn could lead
1o elevated levels of miR-21 with a feedback up-regulation of
inflammation (2).

However, TGF-fi signalling seems to play an imponant role in
relation to several discases associated with chronic-low grade
inflammation. We hypothesized that both, age and physical
fitness could affect TGF-p and its receptors in peripheral
blood mononuclear cells of healthy women. Therefore, the
aim of the current study was to investigate (i) whether circu-
lating TGF-[, as well as intracellular TGF-f, TGF-[ receptors
and miRNA-21 would differ between young and elderly
women and {ii) whether these markers would be associated
with parameters of physical performance.

METHODS

Subjects

Ninety elderly women (aged 65-92 years) who were recruited
in § differemt senior residencics in the arca of Vienna (Cura-
torship of Viennese Retirement Homes (KWDP)) participated
in the study. For the current study we used baseline character-
istics of study participants intended to take part in a prospec-
tive training study. In addition 16 young women (aged 18-28
years) responded to flyers at the University of Vienna. Young
as well as elderly women were sedentary (less than 1h of
sports activitics per week) and free of severe discases that
would contra-indicate medical training therapy or measure-
ment of physical performance, serious cardiovascular dis-
eases, diabetic retinopathy and regular use of cortisone-con-
taining drugs. Written informed consent was obtained from all
participants before entry into the study in accordance with the
Declaration of Helsinki and afier approval by the cthics com-
mittee of the City of Vienna (EK-11-151-0811).

Anthropometric Measurements

Using a commercial stadiometer (Seca, Hamburg, Germany),
standing height was measured without shoes to the nearest 0.5
em. Shoulders kept in a relaxed position and arms allowed to
hang freely. Body mass was evaluated with a digital scale
(BWE 700, Tanita, Amsterdam, Netherlands) to the nearest
0.1 kg with subjects lightly dressed and barefoot. Body mass
index (BMI) was calculated by dividing body mass in Kilo-
grams by height in meters squared. For determining body
composition {(muscle and fat mass) we used bioclectric imped-
ance analyses, due to successful validation against data
obtained by magnetic resonance imaging (50). Bioelectric
Impedance Analyses (BIA) were performed in the moming
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after an overnight fast using a BIA Analyzer 2000-5 (Data-
Input GmbH, Darmstadt, Germany). Participants were asked
not to perform any exercise or strenuous physical activity the
day before the tests,

Determination of physical performance

To evaluate each participant’s acrobic endurance a f-minutes
walking test was conducted. Therefore, participants walked
for 6 minutes as fast as possible on a 30 metre shuttle track.
They were allowed to reduce their speed or to rest if the
seleeted speed was too high to be sustained. The completed
distance within & minutes was recorded (55).

To measure handgrip strength participants performed two iri-
als of an isometric handgrip strength test (kg) using a
dynamometer in a sitting position with an angle of 45% in the
elbow and the lower arm on the armrest. The participant was
instructed to squeeze the handle as hard as possible for 4-5
seconds and the maximum isometric contraction was recorded
(SAEHAN Corporation, Masan, Korea). The two trials were
separated by one minute of passive recovery (37). Out of the
two trials on cach arm, the best result regardless of side was
used for further calculation.

The isokinetic peak torgue of knee extension and flexion con-
sisted of concentric isokinetic torque measurements (Lido
Loredan Biomedical, Inc., Davis, USA; Range of Motion 30°-
80°, speed 60°/s or 120°/s). The left leg was tested in all par-
ticipants except for 3 older women with acute injuries of the
left leg making it necessary to test the right leg. The best
result of two trials separated by a rest period of two minutes
between the attempts was documented. Absolute values were
divided by body mass to obtain relative values,

Blood sampling and analyses

Rowtine blood analyses

Between 06:30 and 0%:00 in the morming venous blood sam-
ples were taken after an overnight fast. Venous blood was col-
lected in Z Serum Clot Activator collection tubes (Vacuetted,
Greiner Bio-One GmbH, Kremsmiinster, Austria) for evtokine
analyses and in EDTA tbes for the determination of leuko-
eyte subpopulation numbers, For the isolation of peripheral
blood mononuclear cells (PBMCs) from whole-blood, BD
Vacutainer® CPT™ Tubes containing ~130 IU Na-Heparin
and 2 ml Ficoll™ (Becton, Dickenson and Company,
Schwechat, Austria) were uscd.

After at least 30 min and at most 60 min after blood collection,
the serum tubes were centrifuged (10 min, 3,000 x g). An
aliquot of 1 ml was used for immediate determination of glu-
cose, insulin and hs-CRE. The remmning serum was stored in
aliquots at -80°C until further analysis. Glucose was analyzed
by hexokinase method and insulin was ¢stimated using a solid-
phase, enzyme-labeled chemiluminescentimmunometnic assay
(IMMULITE 2000, Siemens Healthcare Diagnostics Inc.,
Llanberis, UK). Cholesterol, HDL cholesterol, LDL choles-
terol, triglyeeride and hs-CRP were routinely quantified on a
Cobas 8000 (Roche Diagnostics. Vienna, Austria). Leukocytes,
Iymphocytes, monoeytes and granulocytes were quantified by
flow cytometry on a Sysmex XE-2100™ Automated Hematol-
ogy System (Sysmex Austria GmbH, Vienna, Austria).
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Serum levels of TGF-f

TGF-p was determined using a commercially available
DuoSet development kit for performing enzyme-linked
immunosorbent assays (DY 240, R&D Systems; Abingdon,
UK) consisting of a capture antibody (2 pg/ml of mouse anti-
TGE-fil), a detection antibody (300 ng/ml of biotinylated
chicken anti-human TGF-1), and recombinant human TGE-
B1 to prepare a standard curve (3 1-2,000pg/ml). Twenty pl of
cach serum sample were activated by adding 10 pl of 1N HCI,
incubated at room temperature for 10 min and neutralized
with 10 pl of 1.2N NaOH/0.5 M Hepes. The activated sample
was diluted 20-fold with reagent diluent (0.05% Tween® 20
in PBS) and used in the assay following the instructions of the
manufacturer, Spectrophotometne measurements were per-
formedon a Vietor? 1420 Multilabel Counter (Perkin Elmer,
MA, US).

Isalation of toral RNA from PEMCx

PBMCs were separated from red blood cells and neutrophils
by centrifugation of BD Vacutainer® CPT Tubes at 1,650 x g
for 20 min at room temperature. After removing 2 ml of the
plasma supernatant, the cells comprising PBMCs were resus-
pended in the remaining plasma and transferred to another
tube. PBMCs were washed twice with PBS without Ca and
Mg according to the protocol provided by the manufacturer.
Finally, the pellet was carefully resuspended in 700 pl of
QlAzol Lysis Reagent (Qiagen, Hilden, Germany) and stored
on -80° until analysis.

Total RNA including small RNAs was isolated after thawing
and incubating the samples for 5 min at room temperature
using the miRNeasy Mini Kit (Qiagen, Hilden, Germany) and
following the instructions of the manufacturer. In order to pre-
pare a miRNA-enriched fraction separated from the larger
RNAs (>200nt) the RNeasy Min Elute Cleanup Kit (Qiagen,
Hilden, Germany) was used. Reverse transcription was for the
miRNA-enriched fraction was performed using the miScript
I RT Kit (Qiagen, Hilden, Germany) while larger RNAs were
reverse transeribed using the QuantiTeet Reverse Transcrip-
tion Kit (Qiagen, Hilden, Germany).

Quaniitative real-time RT-PCR

TGF-f, TGF-BRI and TGF-BRI mRMNA were determined
usingthe respective  primer  assays  (Hs_TGFBI ]
(QTOOODOT28), Hs_TGFBRI1_1 (QTOO083412),
Hs TGFBR2 | (QT0O0D014350), Qiagen, Hilden, Germany) in
conjunction with the QuantiTeet SYBR Green PCR kit (Qia-
ezen, Hilden, Germany). A standard curve was prepared by
pooling equal amounts of cDNA from PBMCs of 7 young and
23 old subjects which were randomly selected from the study
population. In  addition, GAPDH (Hs_GAPDH_2
(QT01192646)) served as endogenous control and was used to
normalize the data. Quantification was performed on an
Applied Biosystems® 7500 Real-Time PCR System,

MIRNA-21 expression levels were detected using a miScript
Primer Assay specific for miRNA-21 (hs_miR-21_2
(MS00009079), Qiagen, Hilden, Germany). A standard curve
was prepared by using a commercially available totalRNA of
peripheral blood leukocyte cells of a 24 year old female donor
(Total RNA (R1234148-10), BioChain, Newark, USA). Quan-



tification was performed on an Applied Biosystems® 7500
Real-Time PCR System.

Statistical analyses

The data acquisition and data processing took place using
commarcial software (IBM SPSS for Windows, Version 20).
Shapiro-Wilk test was used to determine if data sets were nor-
mally distributed. As most of the variables did not meet the
criteria for normal distribution, Mann-Whitney U test was
used in order to compare young and elderly women. Associa-
tions between variables were analysed using Spearman’s p
corrclation eocfficient. Data are shown as median (minimum-
maximum}, statistical significance was set at p<0.05.

RESULTS

Subject characteristics

Old females with a median age of 84 years had a higher body
mass (+23%, p<0.001) as well as BMI (+36%, p<0.001) com-
pared o young females (median age: 25 years). Biocleetrie
impedance analyses revealed a higher pereentage of body fat
mass (+37%, p<0.001) and a lower muscle mass (-12%,
p=0.001). The age-related changes in body composition were
accompanied by substantial worsening of health-related
parameters such as circulating glucose levels (+10%,
p<0.001), cholesterol (+22%, p=0.002), LDL cholesterol (+
49%, p<0.001), HDL cholesterol (-16%, p=0.006), and
triglveeride (+41%, p=0.006) (Table 1).

Table 1: Subject Characteristics

TGF-[} pathway in young and old women = 157

Physical fitness

Acrobic fitness was determined by G-minutes walking test
(6MWT). Old females reached a significant lower distance
within a time frame of & minutes (-61%, p<0.001) than
younger females (Figure 1A). Strength was determined by
handgrip dynamometer as well as isokinetic peak torque
measurements. Isometric handgrip strength was significantly
lower in old women (-43%, p<0.001, Figure 1B). Similarly,
relative peak torque knee extension (PTE) as well as relative
peak torque knee flexion (PTF) differed significantly between
groups at both tested veloeities (Fig., 1C-F) reflecting strength
loss of M. quadriceps (-48% at 60%s and -51% at 120%s,
p<0.001) and hamstrings (-53% at 60°%/s as well as at 120%/s,
pL001),

Inflammatory parameters

Differences in inflammatory parameters between young and
old females are summarized in Table 2. The number of leuko-
evtes in whole blood did not differ between young and old
women. However, the subpopulation analysis revealed a sig-
nificant higher percentage of monocytes in elderly (+24%,
p=0.007), with no changes in lymphocyies and granulocyies.
As expected, hs-CRP was significantly higher in old women
in comparison o voung females (+156%, p<0.001). Scrum
levels of TGF-f did not differ between young and elderly
women (p=0.290). Similarly, TGF-p mRNA levels from
PBMCs did not vary between groups (p=0.290). Interestingly,
both TGF-BRI (-49%, p=0.020) and TGF-BRII mRNA levels
(-46%, p=0.020) were lower with respect to old age,

Parameter Young (n=16) Old (n=90% p-value
Age [ycars] 249 (21.7-284) 838 (65.092.2) <0001
Body mass [kg] 58.1 (51.0:65.2) 717 (46.2-112.4) <0001
Height [m] 165 (1.57-1.71) 1.57(1.40-1.72) <0001
BMI [kg/m?) 217 (18.9-23.6) 296 (18.1-50.0) <0001
Body fat mass [%) 263 (21.2-33.2) 36.1 (14.0-50.4) <0001
Musele mass [kg] 222 (206-23.1) 19.5(129-264) 0019
Gilucose [mgidl] 27 (67-106) 96 (T9-196) <0001
Insulin [0 U/mi] 6.40 (2.50-13.50) 8.05 (1.32-41.57) 0.068
Cholesterol [mg/dl] 171 (136-264) 209 (144-336) 002
HDL-Chelestero! [mg/di] 74 (54-99) 62 (33-120) 0.006
LDL-Cholesteral [mgidi] 81 (47-146) 121 (43-238) <0001
Triglyceride [mg/di] 79 (41-191) 111 (43-275) 0.006

Data are expressed as medians (min-max); Differences wene detected using Mann-Whitney U test;
BMI (body mass index), HDL (high density lipoprotein); LDL (low density lipoprotein)
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Figure 1. Age-related differences in physical fitness: (A) -minutes Walking Test, (B) Handgrip strength, (C) Relative Peak Torque Knee Extension
{PTE) 60"/, (D Relative Peak Torque Knee Flexion (PTF) 60%/s, (E) Relative Peak Torque Knee Extenslon (PTE) 120%s, (F) Relative Peak Torque
Knee Flexion (PTF) 120%/s. ¥ denoles a significant differences between young and old women (p<0.001).

To investigate whether the change in TGF-f receptor mRNA
expression could be influenced by miRNA-21, its level was
measured in PBMCs. While we did not detect any differences
in intracellular miRNA-21 levels between young and old
women (p=0.190), miRNA-21 in PBMCs of old women cor-
related negatively with TGF-BRI expression (p=-0.315;
p=0.004) but not with TGF-BRII or TGF-p.

Corrclations between fitness and inflammation in elderly
women

Next we were interested whether higher fitness levels within
the cohort of older women would be associated with lower
pro-inflammatory states (Table 3). Indeed, hs-CRP levels and
relative peak torque measurements revealed negative correla-
tion; however, significance was reached only for relative peak
torque of knee extension at 120%s (p=-0.276: p=0.013). Sur-
prisingly, hs-CRP was not associated with performance in
6MWT and even positively correlated to handgrip strength
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(p=0237; p=0.035). Serum TGF-B, its expression level in
PBMCs, and the expression of its receptors TGF-BRI and
TGF-BRIN were not related to any performance measure,

Body composition influences inflammatory and fitness-
related parameters in clderly

As the subgroup of older women showed a substantial variation
n body composition, its influence on inflammatory, fitness- and
health-related variables was investigated. It has to be mentioned
that age in this subgrowp was even negatively associated with
muscle mass (p=-0,546; p<0.001) but surprisingly also with BMI
(p=-0.219; p=0.039) and body fat mass (p=-0.316; p=0.003).

Hs-CRP was positively correlated to BMI (p=0.326;
p=0.002), body fat (p=0.331; p=0.002) and muscle mass
(p=0.291; p=00.007}), but not age. Furthcrmore, total leukocyie
counts were positively associated with BMI (p=0.342;
p=0.000) and body fat (p=0.212; p=0.050). In contrast, TGF-



Table 2: Age-related changes in immune paramelers

TGF-[} pathway in young and old women =

Parameter Young in=16) Old (n=90) p-value
Circulating
Leukocytes [1071] 6.0 (4.6-8.0) 6.5(34-13-3) 0208
Lymphocyies [%] 33.8(23.5-d6.6) 360153481 0375
Muonocytes [%] 6.7 (3.7-11.5) B3 (1.0-14.1) 0007
Granulocytes [%] 590 (43.8-67.2) 563 (38.4-75.0) 0584
hs-CRP [mg] 0.9 (0.1-4.3) 23(0.3-56.7) 0.001
TGF-p [pg/ml] 33321 (23,793-42,543) 34851 (16,667-73.681) o290
PBMCs iintracellulary
TGF-f/ GAPDH [-] 0.63 (0.30-1.59) 0.53400.06-3.36) 0387
TGE-BRI/ GAPDH [-] 4.07 (1.38-14.60) 208 (0.14-2881) 0022
TGF-RRI / GAPDH [-] 306 (1.14-10.25) L1 (D.51-14.86) 0022
hsa-miRNA-2jcopies ipg RNA] 1,821 (380-3,824) 2452 (57-5481) .40

Data aire expressed as medians (min-nax); Differences were detected using Mann-Whimey U test;
hs-CRP (high sensitive C-reactive protein), PBMC (peripheral blood monenuclear cellsy, TGE-f
(ransforming growih facior-B), TGE-BRI (iransforming growth factor-fi receptor type [), TGF-JRI

(ransforming growth factor-p receptor type 1. GAPDH (glycerldehydde-3-phosphate dehydrogenase):

hsa-miRNA-21 {human microRNA-21)

Table 3: Correlation between fitness and immune parameters in old women

EMWT Handgrip

PTE.0%s  PTE.60s  PTE.120%  PTF.120%s

meylﬂ =, 10K} <002 1017 o062 {0020 41039
hs-CRP 0049 0237% 0206 01z 0.276° 0175
TGF-p 0086 D082 0060 0019 0046 0120
{eirculating)

TGF-p/ GAPDH 0117 0043 0.033 0,101 0.138 0033
(intracellulary

TGF-fiR1/ GAPDH 0070 0092 0124 0,180 0013 0089
{intracelular)

TGF-PRIL/ GAPDH .

ksl 0175 0045 0.002 0116 0.092 0.038
p zalEINA 21 o011 0.243% 0.101 0034 0075 0015

(intracellulary

Drsta indicate Spearman-Rho commelation coefficients. - p< 005, n = 80; 6MWT (6 Minutes Walking Test), PTE 4

(relative peak torque of knee extension), PTF,, (relative peak torque of knee Mexion), ha-CRP (high sensitive C-
reactive protesn), TGF-f (trnsforming growth factor- i), TGF-BRI (transfosming growth [setor-S receptor type 1),
TGF-RRII {transforming growth factor-fk receptor type 1D, GAPDH (glyceraldehyde-3-phosphate dehydrogenase),

hsa-miRNA-21 (human microRNA-21)

BRII mRNA was negatively associated with body fat (p=-
0.263, p=0.018) but not with BMI {(p=-0.185; p=0.091). None
of the other inflammatory variables correlated with body com-
position,

With respect 1o fitness parameters BMI and body fat comrelat-
ed negatively with relative peak torque of knee extension at
120°/s (BMI: p=-0.282; p=0.011, body fat: p=-0.237:
p=0.L038) and partly with relative peak torque of knee flexion
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at 120%s (BMI: p=-0.292; p=0.009, body fat: p=-0.209;
p=0.068}, BMI and body mass were not associated with hand-
grip strength or 6MWT. Muscle mass correlated positively
with handgrip strength (p=0.662; p<0.001), but not with other
performance parameters.

DISCUSSION

The aim of the current study was to investigate the expression
of TGF-f, its receptors and its potential modulator miRNA-21
in PBMCs in the context of age and fitness status. Young and
old females differed substantially in fitness as measured by
6MWT, handgnp strength, sokinetic peak torque of knee
extensors and flexors as well as serum hs-CRP levels. While
serum levels of TGF- as well as TGF-fi and miRNA-21
expression levels in PBMCs did not differ between young and
old females, TGF-BR1 and TGFB-RII mRNA were significant-
Iy lower in the elderly. However, within the cohort of elderly
women neither TGE-f nor its receptors were associated with
performance characteristics.

Initially, TGF-f was purificd from human platelets (3). In
mammals three different isoforms (TGF-§1, -f2, -p3) have
been described, whereby TGF-B1 is the predominant form in
immune cells. TGF-f is synthesized and secreted by most eell
types as an inactive precursor complex, termed latent TGF-,
where TGF-f is bound non-covalently to the latency associat-
ed peptide (LAP). To be activated TGF-i has to be cleaved
from the LAP using one of physiclogical mechanisms such as
proteolytic cleavage by plasmin, cathepsin, and other
enzymes, oxidation by free radicals or the interaction with
thrombospondin (41). Circulating TGF-f3 has been detected in
a variety of studies with plasma valucs ranging from below
0.1 ng/ml up to more than 25 ng/ml. OF course the study pop-
ulation differed between these studies ranging from healthy
individuals of mixed gender and age-groups to different
patient groups. However, methodological issues concerning
plasma processing and assay system seem (o be the most criti-
cal factors in determining TGF-P levels (20). In this respect it
has been shown that platelet degranulation, haemolysis of ery-
throcytes and contamination with leukocytes can lead to an
over-cstimation of TGF-f protein levels in plasma, however
different activation protocols to dissociate TGF- from its
complexes are in use. For this purpose, we and many other
groups used acidifeation of serum samples prior 10 assessing
TGF-p by ELISA (20). Furthermore, both serum from young
and old females were treated in the same way, therefore mini-
mizing the risk of bias within the study.

Regarding lifestyle-related discases TGF-f seems to play
conflicting roles as shown for cancer, where it can either act
as tumour suppressor by inhibiting cell proliferation and
inflammation in the carly stage of cancer development or as
tumour promoter by inducing metastasis or angiogenesis in
later stages of the discase (52). Similarly, higher levels of
TGF-B are measured in hypertensive humans (57), but
increased serum levels of TGF-f may also protect patients
with coronary artery discase against cardiovascular events
and coronary interventions (59). With respect to age
decreased levels have been reported for adulis (21-67 years)
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in comparison to children (1-14 vears) (43). Another study
has revealed that TGF-f levels are higher in males than in
females, but decrease with age and increase with obesity in
both genders (32). However, in centenarians, serum TGF-J
concentration seems o be higher than in younger adults, sug-
gesting that high concentrations of TGF-f might be benefi-
cial during extreme old age (6). These data are in conflict
with our results as we did not detect any differences in TGE-p
between young and old women. However, the broad range of
age as well as other lifestyle related factors such as obesity or
diabetes which were characteristic for our study could have
influenced the results.

Conflicing data have also been reported with regard to TGF-§
and acute exercise, whereby intensity and type of exercise
seem to play an important role for data interpretation. While a
graded eycling exercise 1o exhaustion of about 18 min dura-
tion {10y and 1 h of treadmill running at about 70-80% of
VO, (22) arc able to increase the concentration of circulat-
ing TGF-f3, I h of cycling exercise at ~70% of VO, does not
alter circulating TGF-f (17). However, salivary TGF-f is
increased as late as 24 h after a moderate exercise bout (49),
Long-term training for 6 weeks in healthy students resulted in
a biphasic response of TGF-f with increased levels after 2
weeks of training and lower levels at the end of the training
period (23). This is in contrast to another study in diabetic
patients showing that 8 weeks of strength and acrobic training
results in increased TGF-§ levels which are accompanied by
lower hs-CRP levels (61). Furthermore, 6 months of excrcise
(2.5 h per week) were able to inerease TGF-f§ production of
unstimulated as well as phytohacmaglutinin-stimulated
peripheral blood mononuclear cells of persons at risk of
developing ischemic heart discase (54). Taken together, it
seems that chronic exercise lowers TGF-f in young and
healthy persons but it might up-regulate TGF-f in patients
suffering from lifestyle-related diseases.

In addition to circulating levels of TGF-f we were especially
interested in expression of TGF-fi and its receptors in PBMCs
of young and old women. While intracellular TGF-ff mRNA
was not different between these two groups, lowered TGF-
BRI and TGF-BRII have been detected in elderly. These
results are partly in accordance with a previous study in
young (20-30 vears), old (75-85 years) and very old (=98
years) subjects, where leukocyte TGF-PRIT mRNA were low-
est in the 75-85 vear old group in comparison o both, the
young and the centenarians. In contrast to our study the
decrease in TGF-BRII expression is accompanied by an
increase in miRNA-21 levels. However, neither intracellular
nor circulating TGF-f nor physical performance has been
assessed i this study (46). The importance of signalling via
TGF-BRII has been shown in an animal model where the
induction of a TGF-BRII gene disruption results in a lethal
inflammatory disease (29). On the one hand TGF-BRID is
important in T-cell mediated immunity (30) but on the other
hand macrophages lacking TGF-PRID have defects in expres-
sion of a set of genes that form the hallmark of the M2 polar-
izing program in macrophages which is important to induce
the anti-inflammatory effects of M2 macrophages such as
phagocytosis of apoptotic cells, resolution of inflammation
and tissue repair (19, 34, 40).



Data support the hypothesis that exercise can reduce low
grade inflammation in elderly (61) and provide long-term
benefits with regard to cardiovascular, cognitive, psychosocial
and other aspects in elderly (11). Hs-CRP has been shown to
be consistently higher in elderly (26, 60), a fact that was con-
firmed in the current study. Moreover, hs-CRP correlated pos-
itively with BMI and body fat but negatively with relative
peak torque measurements. This partly confirms several stud-
ies which revealed associations between a higher inflammato-
ry state and lower physical performance (47, 56). Besides
originating in the liver, the acute phase protein hs-CRP is pro-
duced and released from adipose tissue thereby linking obesi-
ty to a chronic inflammatory state (13, 65).

Although we detected a negative correlation between hs-CRP
and isokinetic knee extension strength which is in line with
many studies linking chronic inflammation to low physical
performance in elderly (7. 9, 12, 58), this picture was not con-
sistent for other performance parameters such as acrobic fit-
ness or strength. The reason for this finding could be a com-
plex interaction between several factors which has been sug-
gested by Morrisetic-Thomas ¢t al. who applied principal
component analysis in order to understand why inflamme-age-
ing docs not simply reflect increases in pro-inflammatory
markers (39). One especially interesting aspect in our study
was that general fitness status of elderly women was not relat-
ed to TGF-f, TGF-PRI or TGF-PRII expression in PBMCs.
Furthermore, higher hs-CRP and miRNA-21 levels in older
women were even associated with a higher handgrip strength.
According to our hypothesis we would have expected higher
levels of the inflammatory miRNA-21 in subjects with low
physical performance as suggested by Bye et al. who showed
that miRNA-21 was increased in male participants with low
acrobic capacity as assessed by VO2Zmax (5). However, these
studies are sparely comparable as miRNA-21 was detected in
serum, participants were male and younger and there might be
a difference between performance indicators for strength or
endurance. Furthermore, it would have been interesting to
measure general physical activity levels by an objective
method such as accelerometry as both current physical activi-
ty practice and performance are associated with inflammatory
biomarkers (12).

In summary, it has been shown that TGF-f is involved in a
variety of physiological as well as pathological process exert-
ing positive but in some cases also negative effects on health,
We have demonstrated that in older women TGF-f signalling
in PBMCs might be impaired as reflected by a lower gene
expression of its receptors TGF-BRI and TGF-BRIT independ-
ent of physical fitness. However, further studies are needed to
test whether a reduced expression of the TGF-B receptors
indeed would reduce TGF-f3 signalling in PBMCs in order to
get mechanistic insight as well as to reveal its functional con-
sequences, more precisely.

TGF-[} pathway in young and old women = 161
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1. Introduction

Since the mid-twentieth century, the propartion of older per-
soms in the total population has been rising continuously, Based
on a recent projection of the United Nations globally the number
of persons aged 60 years and over will more than double from
41 million people in 2013 to more than 2 billion in 2050, and by
2050 the share in older persons aged over 80 is expected to be
more than three times than that of the present (United Nations,
2013). With increasing age progressive physiological changes
occur that lead 1o a decrease in the function of various organ sys-
tems including the muscular system. Ageing-induced losses of skel-
etal muscle mass, strength, power and function typically occur from
midlife onwards and are well documented (McGreger et al, 2014;
von Hachling et al. 2010). The preservation of muscle strength
and lean muscle mass are key components to perform activities of
daily living and to maintain a satisfactory health-related quality of
life (Geirsdottir et al., 2012),

Lifestyle choices such as regular physical exercise (bath aerobic as
well as strength exercises) and a balanced diet containing a sufficient
amount of essential amino acids are generally regarded to be effective
measures capable of preventing or counteracting age-related muscular
decline { Pasiakos et al, 201 5], Evidence suggests that intense resistance
exercise interventions using free weights and exercise machines may
reverse declines in muscle strength, lean muscle mass and functional ca-
pacity of older individuals {Romero-Arenas et al,. 2013; Silva et al.,
2014; Van Roie et al.. 2013). The other side of the coin is that resistance
exercise training applying high intensity modes and/or maximum
strength assessments may pose a higher risk of injury or overuse espe-
cially to older people (Liv and Latham, 2010), Unlike traditional resis-
tance exercise, elastic tubing provides adjustable resistance (the level
of resistance varies according to rate and maximal stretch of the mate-
rial such as greater stretch produces greater resistance) allowing a
smooth progression (Martins et al, 2013). Not least because of this
issue, elastic band exercise is frequently used for therapeutic training.
It has been documented as a safe and effective stratesy to enhance mus-
cular performance finally improving the ability to perform functional
tasks of older individuals {Calado and Trplett. 2008). Additional advan-
tage of exercise training with elastic resistance bands includes high ac-
ceprance in older adults, its simplicity, versatility, portabilicy, minimal
space requirements and the comparatively low costs (Fahlman et al,,
2011).

When resistance training is combined with protein supplementa-
tion, muscle protein synthesis is stimulated to an extent where the
net protein balance {muscle protein synthesis minus muscle protein
breakdown) becomes more positive than that with feeding alone
(Phillips et al, 2005), However, there is evidence that the aged muscle
is less responsive to the anabolic stimuli of amino acids and exercise, a
state that is termed ‘anabolic resistance’ (Cuthbertson et al, 2005;
Rennie, 2009). With respect to protein quality and quantity it has
been hypothesized that protein supplements for the elderly should be
rich in essential amino acids such as leucine in order to stimulate mus-
cle protein synthesis in a way similar to that of younger adults (Yang
et al, 2012}, Besides proteins, vitamin D has been suggested to influ-
ence muscular performance, especially in subjects with low or deficient
vitamin D levels (Halfon et al. 2015). Hence, a combination of resis-
tance training with protein and vitamin D supplementation has been
shown to be superior in preserving muscle mass during a weight loss
programme in elderly than resistance training alone (Verrejjen et al.,
2015).

With these aspects in mind, the current study aimed to compare
three different supervised training interventions (cognitive training,
elastic band resistance training, and elastic band resistance training
plus nutritional supplementation) on muscular strength and the ability
to perform functional tests related to activities of daily living in older
adults fiving in retirement homes.

2, Methods
2.1, Participants

OF 230 older men and women who were approached at 5 different
retirement care facilities located in Vienna, 117 persons (103 females
and 14 men, respectively ) met the inclusion criteria and volunteered
o participate in the study, Participants were required to be over the
age of 65 years and physically cleared for medical stability for study par-
ticipation, The exclusion criteria referred to recommendations of the
American Heart Association (Willlams et al,, 2007} and included cogni-
tive impairment (mini-mental state examination scores being <23)
(Folstein et al, 1973}, chronic diseases posing 4 contraindication 1o
training therapy, serious cardiovascular diseases, diabetic retinopathy,
and regular use of cortisone-containing drugs. In addition, subjects did
not perform any regular resistance training, Before being included in
the study, all subjects were comprehensively informed about the pur-
pose, procedures, benefits and risks of and discomfort that might result
from study participation. Written informed consent was obtained from
all participants. The present study was conducted in accordance to the
Austrian laws (including Doctors Act, CISA, Data Protection Act), the
Declaration of Helsinki (as revised in Edinburgh 2000}, and in analogous
accordance with the ICH-GCP guidelines. The study has been approved
by the ethics committee of the City of Vienna (EK-11-151-0811) and
registered at ClinicalTrials.gov, NCTO1775111,

22, Experimental design

To examine the effects of 6 months of supervised, progressive resis-
tance exercise traiming with and without nutrient supplementation,
participants of this controlled study were randomly assigned to ane of
three intervention groups, These intervention groups either performed
resistance exercise training (RT), or the same resisfance training proto-
col in combination with nutrient supplementation (RTS), or cognitive
training (CT), the latter serving as the control group, Exercise interven-
tion started immediately following baseline pre-testing which included
anthropometric measurements, isokinetic torque measurements of
knee extensers- and flexors in concentric mode,; measurement of iso-
metric handgrip strength of the dominant hand, and a battery of func-
tional tests including upper body lift and reach test, chair stand test,
maximum walking speed. and the 6 minute walking test [6MWT). In
order to compare physiological adaptations, tests were repeated follow-
ing 3 and 6 months of intervention, respectively, The tests were supes-
vised by the same investigators. For each measurement time point the
assessments were performed on two different days between 9:00 and
11:00 using identical equipment, the same subject positioning as well
as standardized instructions. In addition, the order of resting remained
the same on bath testing days (day 1: Gait speed, chair stand test,
GMWT; day 2: Functional reach test, handgrip strength. isokinetic
peak torque measurement (PT 60°/s Q. PT 60°/s H.. PT 120°/5 Q. PT
120°/s H.), arm-lifting test).

2.3, Resistance exercise interventon

The individualized exercise intervention using efastic band exercise
as resistance (Thera-Band®, The Hygenic Corporation, Akron, OH, USA)
was designed to train all major muscle groups { training volume and in-
tensity were progressively increased ) and was performed two times per
week on non-consecutive days (separated by at least 48 h). Exercise
training took place in small groups of not more than 10 participants,
guided and closely supervised by appropriately trained and experi-
enced sport scientists to ensure safety and compliance, Resistance exer-
cise training was based on guidelines provided by the American College
of Sports Medicine (ACSM) for older adults (Melson et al., 2007), Each
exercise session consisted of a general warm-up of 10 min, followed
by a resistance training session (35-40 min) incorporating one to two
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exercises (in a slow controlled manner) for each of the six muscle
groups (legs, back, abdomen, chest, shoulder and arms), and was com-
pleted by a cool-down routine, Following an adaptation phase of
4 weeks using low external resistance (yellow Thera-Band®, 1 set of
15 repetitions per exercise with a higher resistance only il the subject
was obviously unchallenged) exercise intensity was progressively in-
creased by adapting the resistance of the elastic band (based on the
Thera-Band® force-elongation table) (Page and Ellenbecker, 2011)
from yellow to red and further to black. Additionally, the exercise vol-
ume was enhanced by increasing the number of sets from one to two,
Rate of progression was based on individual improvements (band col-
our was changed if participant would have been able to perform two
more repetitions in the second set and reported to be below seven an
the OMNI Resistance for active muscle scale (0 extremely easy to 10 ex-
tremely hard)) (Lagally and Robertson, 2006). In the final training
phase 56.9% of the participants had switched to the red elastic band
while 43.1% even used the black one (specific information on the exer-
cises are shown in Supplemental file 1),

24 Nutrient supplemendation

In addition to resistance exercise training, subjects of RTS group re-
ceived a nutrient supplement drink ( FortiFit, NUTRICIA GmbH, Vienna,
Austria) every moming after breakfast, as well as immediately after
each training session. Each drink had a caloric value of 150 kcal and
contained 20.7 g protein (3 g leucing, =10 g essential amino acids),
9.3 g carbohydrates, 3 g fat, vitamins (800 IU vitamin D, 2.9 mg vitamin
B6, 3 g vitamin B12) and minerals. A research dietician diseributed the
supplements and monitored adherence, Participants were instructed to
maintain their regular food intake,

2.5, Cognitive iraining

The CT group served as sham-control to the resistance-exercise
training groups mentioned above, Different from common control
groups not receiving any treatment CT subjects participated in activities
including cognitive tasks (memaory training) and coordinative rasks
(such as manual dexterity) twice weekly to provide a timely effort
which was equal to those of the RT and RTS groups, respectively
(Garterer and Croy, 2004).

2.6, Anthropometric assessment

Body mass and body height were measured following standardized
anthropometric procedures using a digital scale and a stadiometer dur-
ing each testing session. Body mass was measured to the nearest 0.1 kg
(SECA Model 877, Seca GmbH & Co. KG, Hamburg, Germany) and height
was measured to the nearest 0.1 cm using a portable stadiometer (SECA
Model 217, Seca GmbH & Co, KG, Hamburg, Germany ). Body mass index
:;.s calculated as body niass relative to height in meters squared (kg/

)

2.7, Nutritional stans

Thee Mini Nutritional Assessment (MNA) was used to assess nutri-
tional status (Vellas et al, 1999), According to standard analyses sub-
jects were classified as having a normal nutritional status (=24
points), as being at risk for malnutrition (17-23.5 points) or as being
malnourished (<17 peinis),

2.8, Isokinetic dynamometry

Due to the refevance of the muscles of the lower extremities to activ-
ities of daily living, quadriceps and hamstring muscles were selected for
muscle strength assessment. [sokinetic peak torque measurements of
knee extensors and flexors were performed using a LIDO Multijoint 1l

isokinetic loading dynamometer { Loredan Biemedical Inc., Sacramento,
CA, USA). Participants were tested in a sitting position with their hip
Mexed at approximately 90° and subjects securely strapped to the seat
of the chair using adjustable trunk and waist stabilisation belts. The an-
atomic axis of the knee rotation at the knee joint was aligned with the
machine axis of rotation to insure similar movements for all partici-
pants. A thigh strapon the test leg was used to restrict any lateral move-
ment at the knee, allowing only knee flexion and extenston, Finally, a
resistance pad was placed on the distal tibia, and the ankle of the leg
being tested was securely strapped to the dynamometer lever arm.
Limits for the knee extension/flexion movement (range of motion)
was set between 30° and 80 of knee angle {with 0” being fully extend-
ed) with 80° of knee flexion as the starting position. Calibration and
gravity correction procedures were performed before starting the test
protocol, Following a general warm-up subjects were carefully
familiarised with the equipment by performing submaximal trials
of the extension-flexion movement with increasing intensity, Final-
Iy, two continuous maximal repetitions of knee extensors and knee
flexors were performed concentrically at cach angular velocity
(60°/s and 1207/} for peak torque recording. Between each of the re-
corded tests for a given angular velocity subjects rested for 2-3 min
before performing the next maximum effort test. Participants were
verbally encouraged to make a maximum effort throughout the
whole range of motion. The highest extensor and flexor peak torques
(Mm) of the rwo maximal trials at each angular velocity were chosen
for analyses (Patterson and Spivey, 1992).

29, Handgrip strength

Handgrip strength of the right hand was measured 1o the nearest ki-
logram (kg ) using a Jamar hand dynamometer (Sammsons Preston, Inc
Bolingbrook IL, USA ). Subjects were seated with their elbow unsupport-
ed and bent at an angle of 90°. Prior data collection, the width of thedy-
namometer handle was adjusted to the individual hand size (with the
middie phalanx resting on the inner handle) and participants per-
formed two submaximal trials to get acquainted with the instrument
and measurement procedure. Finally, participants were encouraged to
perform a maximal contraction within approximately 4 1o 5 s, After a
rest of 60 s, participants were asked to perform a second trial. The
highest score of maximum voluntary contraction was used for data
analyses (Mijnarends et al., 2013),

210 Chair stand test

Chair rise performance is influenced by strength and power of the
lower extremities, The mechanical power required to perform repet-
itive chair-rise movements has been shown to be an important indi-
cator of mobility, fall risk. and functional debility in older individuals
(Rikl and Jones, 2013). For this test the maximum number of com-
pleted cycles of unsupported chair rises (from a seated to a fully
erected position (hip and knees straightened)) completed within
30 s was counted, A straight-back chair with a seat height of 46 cm
was p!ared against a wall for support and safety purposes. Prior
data collection and following a demonstration by the tester, partici-
pants performed a 2-3 repetition practice trial to familiarise with
the technique. Participants were instructed to keep their arms
crossed at the wrists and held them against the chest and place
their feet flat on the floor approximately shoulder-width apart. For
the test participants were encouraged to complete as many full
stands as possible, The number of stands executed correctly within
30 s were counted by the tester and used for data analyses (incor-
rectly performed stands were not counted — the last stand of the
end of the 30 s limit was counted only if the subject completed
mere than 50% of the upward motion).
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2.1 1. Arm-lifting test

Functional performance for sustained upper extremity activity was
assessed by performing a 30 s arm-lifting task of the dominant arm. Par-
ticipants sitting on an armless straight-back chair were asked to repeat-
edly lifta dumbbell of 2 kg (females) and 4,5 kg { males) from waist level
over a distance of 30 ¢m to shoulder level marked by the upper edge ofa
bex. Following mitial submaximal trials for familiarisation and a subse-
quent rest of 60 s, participants were encouraged to complete as many
correct arm lifts as possible within a time limit of 30 5. The number of
eycles correctly eompleted were counted and used for further analyses
{King et al, 2000).

2.12. Gait speed

Physical mobility was assessed by measuring maximal walking time
over a distance of 6 mon a flat surface on a hallway using an electronic
photocell timing system (Brower Timing System, UT, USA), Participants
were allowed to increase their speed within 2 m before the starting line
and were advised not to decelerate before the finish line. Walking time
was determined to the nearest 0.01 5 while participants were allowed to
use walking aids but must not run, Each participant had two consecu-
tive trials separated by a rest period of 2 min. Gait speed was calculated
by rransforming walking time for 6 m to gait speed (m/s) (Miinarends
et al, 2013),

213, Se-minute walking rest

As indicator of aetobic endurance the distance which could be cov-
ered within 6 min was recorded., Participants were instructed to walk
alone as quickly as possible (without running) around a 30 m shuttle
COUrse as many times as possible within the time limit. Tuming points
were marked with cones, Participants were allowed to reduce the
speed or rest if necessary and resume walking based on their perfor-
mance abilities. Participants wiere informied about elapsed time after 3,
4, and 5 min, A measuring tape fxed parallel to the walking course
allowed the tester who registered the number of shuttles to calculate
the final distance, whereby the nearest meter was used for data analyses
(Steffen et al, 2002),

214, Functional reach test

The functional reach test is a clinical assessment, testing the maxi-
mal safe standing forward reach (maintaining a base of support in the
standing position) as a marker of postural stability in older adults, The
test examines the distance a subject can extend the centre of gravity
over the base of support, quantifying the boundaries of sway [ Duncan
et al., 1990). Before starting the test was described and demonstrated
by the tester and participants could perform a trial to get familiarised
with the movement execution. Participants were instructed to stand
erect (feet shoulder length apart), next toa paralle] wall without touch-
ing it, arms elevated to 90° of shoulder fMlexion, elbows extended and
hands formed to fists. The assessor records the starting position at the
third metacarpal head on a yardstick attached to the wall at acromion
helght. Then, without moving their feet off the ground, participants per-
formed a hip flexion by moving their trunk forward and reaching as far
a5 they could without taking a step. At this point, the tester again locared
the position of the third metacarpal head. Subsequently, the subject
returned to the starting position and remained still for several seconds
fo clearly differentiate the end of the movement. Scores were deter-
mined by assessing the difference betweesn the start and end position,
Each participant performed the test three times with the best score
(cm) used for further analyses.

2.15. Dedermination af physical activity

Physical activity was measured using accelerometers (GTIM,
Actigraph, FL, USA) at baseline (pre-training) as well as following &
manths of intervention. Technical specifications characteristics of the
Actigraph accelerometer and its validity have been published previously
(Kelly et al, 2013), Participants were instructed to wear the device for 5
consecutive days including one weekend on the right hip for all waking
hours, except during water-based activities. Data were considered valid
if participants had activity counts for ar least 10 h on 3 of these days,
which is in line with minimum recommendations provided by Trost
ctal. (2005).

216 Statistical analyses

Data acquisition and data analyses were performed using commer-
cial software with data fles coded and anonymized, The number of par-
ticipants chosen was based on power estimation with an alpha level set
ar 0,05 and a power of > 0.85, The power calculation software (G *
Power3.1.0) (Faul et al., 2007) estimated the sample size to be 86
using isokinetic peak torque (concentric knee extension at an angular
velocity of 60°/5.; range of motion 20°-80") as primary endpoint. Previ-
ous studies in a similady difficult collective show a high drop-out rate of
about 35-40%, Therefore, a total of about 120 subjects were included in
the study,

Repeated Measurement Analyses of Variance (ANOVA) was per-
formed accounting for group (RT, BTS, and CT), time (pre-, mid-term,
and post-intervention ), and the interaction term between group and
time defined as fixed factors and the test subject as random factor (In-
tention to treat analysis), Each of the endpoints demonstrating a signif-
icant result for time or the interaction term (“promising endpoints”) in
the primary model were further analysed with respect to the following
influencing factors: age, gender, training attendance, mental state and
residence. For the “promising endpoints” first univariate random effect
mixed models were used (with subject as random factor) to study the
influence of each of each of the influencing factors, on each of the prom-
ising endpoints. The primary model {accounting for group, time and in-
teraction term) was then repeated for each of the promising endpoints,
now additional accounting for the influence factors being significant in
the univariate analyses {further on denoted by “final” modef). Analyses
were performed using Proc Mixed, SAS version 9.1 system and R release
2.15.1 (SAS Institute Cary NC, USA), respectively,

3. Results
3.1, Porticipant flow and baseline charocteristics

Details of the participant flow are displayed in Fig. 1, Briefly, 117 el-
derly women and men who fulfilled the inclusion criteria were random-
ly assigned to RT (n= 41), RTS (n = 36}, and CT (n = 40). A total of 22
participants { 18.8%) withdrew their willingness to participate before or
immediately following baseline tests. Twelve additional participants
dropped-out during the intervention period of 6 months (CT (n = 5;
4.3%), RT (n = 3; 26%), RTS (n = 5; 4.3%)}. None of the dropouts left
the intervention study as a result of injuries or adverse responses to
the study but because of ather medical reasons not related to the inter-
vention, A total of 82 {70.1%) participants (CT (n = 26: 65.0¢),RT (n=
31; 75.6%), RTS (n = 5; 69.4%) ) completed the study after 6 months,

Study participants did not differ in most of the baseline characteris-
tics such as age, weight, heighe, body mass index, cognitive performance
as measured by Mini Mental State { MMST), use of walking aids (WA} or
the incidence of artificial joints of lower limbs (AJLL). Although the num-
ber of male participants was generally low (12.0%}, the ratio between
males and females did not differ between groups (p = 0.849), Interest-
ingly. the Mini Nutritional Assessment (MNA] revealed significantly
lower scoras for the CT group as compared to both, the BT and RTS



5 Oesen ef al / Expertorenial Gernarology 72 (2015) 59108

| Assessed for eligiviity (n=230) |

Randomized {n=117)

Exciuded (n=113)
Mot meting inclusion
critesia (n=43)
Declined to participate
(=70}

Al

| Arocarea o et m=an) | | Anocatea toRT (n=41) | | aecated 10 RTS (n=38) |
1 1 1

| Start of Intervention ]
i 8 1 1
CT(n=31) RT {n=234) RTS(n=30)
Drop-oul (n=8): Drop-oul (n=T}) Drop-oul (n=6):

« Medical reason (n=3)
- Loss of interest (n=6)

- Madical reason (n=4)
- Less of inlorest (n=3)

- Medical reason (n=4)
- Losgof interest (n=2)

= Medicl reason (n=1)
- Loss of interest (n=1)

| 1 |
[ Follow-Up (3 months) ]
1 1 1
Follow-up (n=29) Follow-up (n=33} Follow-up (n=28)
Diop-out (n=2) Drop-oul {n=1): Drop-out (n=2)

- Medical reason (n=1)
- Loss of imerest (n=0)

- Medical reason (n=2)
- Lossof interest (n=0)

= No data (nei) = Nodatain=0) - Ma data (n=0)
| 1 |
| Analysis (6 months) ]
T T T
Analysed (n=26) Analysed (n=31) Analysed (n=25)
Excluded from analysis Excluded from analy E from analysis
- Modical remson (n=1) - Madical reason (n=2) = Medical mason (n=2}
- Loss ol interest (n=2) = Lossof interes! (n=0) - Loggof intenest (n=1)
Mo data (n=0) = Nodata (n=0) Ko data {n=0)

Fig. 1, Farvicigant flow.

o3

group (Table 1). None of the participants were classified as malnour-
ished, 20.7% were at risk of malnutritdon (32.3% of CT, 8.8% of BT, and
22.2% of RTS), whereas 79.3% showed a normal nutritional status
(67.7% of CT, 91.2% of RT, and 77.8% of RTS; p = 0.064 for frequency dis-
tribution ). When vitamin D deficiency was defined as having plasma
values <25 nmol/l (Mosekilde, 20035), 20.0% of the study participants
showed vitamin D deficiency (26.7% of CT, 14.3% of RT, and 20.0% of
RTS: p = 0461 for frequency distribution]).

3.2 Muscle strength of the lower extremities ( primary endpoint )

Ar baseline knee extensar and flexor peak torque did not differ be-
tween groups (p > 0.05). Peak torgue significantly increased over time
(p = 0.05) for all measurements. Post hoc analyses revealed an increase
after 3 months for knee extensor peak torque at both velocities and for
knee flexion at 120°/s (p < 0.05). After 6 months all measurements
remained elevated with the exemption of knee extension at 60°/s
which declined to baseline values, Interestingly, most of the elevations
were reached at 3 months with only marginal changes between 3 and
6 months. No group  p > 0.05) or time x group interactions could be de-
tegted (Table 2).

3.3, Hand grip strength ared funciioral performonce (secondary endpoinis)

Baseline measurements of handgrip strength (p = 0.249) and tests
of functional performance such as chair stand test (p = 0.815), arm-

lifting test (p = 0.839), gait speed (p = 0476), GMWT (p = 0.911),
and functional reach test (p = 0.142) were similar among study groups,

With exception of handgrip strength and functional reach test, all
measures of physical functioning including chair stand tesr, arm-lifting
test, BMWT, and gait speed significantly improved over time imespec-
tive of group. While improvements for both, arm-lifting test (p =
0.004) and chair stand test (p = 0.028) could be detected at 3 months
as well as after 6 months (p = 0.001), SMWT (p = 0.021) and gait
speed (p= 0.004) were increased only after 6 months.

Table 1
Bameline characteriutios of participants,
o KT RTS p-Value
Gender [ females'mabes|  35/5 ITH 315 0849
Age [years), n= 117 FI4[£55) BIO{£55) EBIE[460) 0408

Body mass [kgl o= 104 720({+152) TI5(+97) T46(x151) OH02
Height [mln= 104 159 (£0.08) 158 (£009) 158 (£007) 0.99]
BMI [leg/m?), 6= 104 2BALE£50) Z89(+3T) ME{EE]) 0y

MNA[ =] n = 82 ) [(£29) 263 [18)7 S (£22)7 <000
MMST[=ln= 117 WRELT) 200 (22D) TE(x1D) 0243
WA [number (3]] 113245 A(114%) GilEse) 0085
AJLL [rumber ()] 3(11.1%) (%) i [33%) 0516

Walues age shown a8 mean [ standard deviation |, p-Values refer to diffeiences between
groaps (Chi Saquare Test, one-fctonal ANDVAL
CT [cognitive training group: BT [resistanca traming groupl: KTS { neststance traiming, +
supplement group): MNA (Mind Mutritional Assessment): MMST (Mind Mental S1ate
Test): WA (regudar use of wallking asds); AJLL (artificial joints of bvwer limils ),

** P 0,00 s CT,
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Table 2
Rk peak torgue
lFarameter Group Mean (£ standard deviation) Differences o bascline eviahees
Haseline 3 months G months & (pre =3 m) & [pre — Gm) Time Groap Tirme =« group
PT&0°/5 O, rel. T 1.03 (+0.28) 108 [£0.34)" 097 (+038) 003 [ = 016) =006 {+0.21) 0017 047G 0230
[Hmkg] BT GO8 (£0.32) 106 { £0.29)" 107 = 0.26) 007 [=018) Chis {2 0.21)
RTS 1.07 [+042) L14 [£041)° 103 {2 0.40) 0006 & 0U16) 0407 (=0.18)
°F 640 5 H. rel o 055 (£017) 061 (£015) 056 (4021)" 0073 (4 012) 000 {£0.12) <0001 0558 0061
|Hmikg] RT 051 [£0.16) 054 [£0.15) 060 (£0,14)" 02 {2 000) 07 (2002}
KIS 058 (£022) Oust (£0.18) 0,66 {4021)" 002 [£013) 006 {£0.11)
PTIz0*sQrel  CT 082 (£027)  100(£025)""  O84(+031) 0,04 [£023) 001 {£0,19) 0000 0794 0683
[Nmykg] [ 082 (£026) 095 (£025)7° 080 (£023)" 0.3 (£ 018) 005 (4:0017)
RS 084(£033)  008(£037° 085 (L034) 0.15 [+ 020) 0,08 {4:0.18)
PTI20sH el €T OB [£006]  063{£005)°  O0S6(+023)"  0I2{+006) 007 {40,13) 000 EET 0302
|Rmkg] KT 048 (£014) 055 (4:0.04)"" 055 (043" Q07 [ +000) 005 (+0.11)
TS 052 (£009) 60 (+018)77  060(£022)" 007 (+£016) 006 [ 40,11)
Vil ues are shown as mean (£ standard deviation]. p-Values refer o matn eflects of Hime and groug s well as tme < grougp [ repeaied ANCVAY, Significant effecs

{p = .06 ) ane-shewn inold. €T (eognitive training group): KT (resistance training group); RTS (resistance training + supplement group): PT{ peak tonque ). {Cuadriceps. knoe exten-

ston); WL (hamstrings, knee fesdon )2 rel. (relative o body mass).
e 005 nd 2 o GO0 v basitine for fime effeas,

An additional time = group effect could be detected for chair stand
test (p = 0,002 ) and arm-lifting test (p = 0.006), indicating that chang-
es over time were different between groups (Table 3). For the chair
stand test a significant larger increase was found for RT [+ 175 at 3
and 6 months; p < 0.001) and RTS ( + 9% at 3 months and + 155t 6
months: p = 0.007) compared to CT. Interestingly, ameliorations in
the arm-lift test were detected only in RTS (+ 19.1% at 3 menths and
+ 56% at 6 months; p = 0.002), No statistical differences could be ob-
served between CT and RT (p = 0312} as well as between RT and KTS
(p = 0.056) (Fig. 2).

Inorder to determine whether a change in everyday physical activity
could have influenced the primary and secondary outcomes, steps per
day as marker of physical activity were determined by accelerometers.
Valid data could be obtained from 61.5% of the participants at baseline
but anly from 36.7% after 6 months, Baseline measurements revealed
an average of 4382 4 2026 steps per day with no differences between

intervention groups. Interestingly. after & months this measure de-
creased 1o 4197 £ 1696 steps per day (p = 0,050), while no group or
time x group interaction effects could be detected.

34, Confounding factors

In general, a significant influence of age { with older participants hav-
ing worse performance indices) was observed in several parameters, in-
cluding peak torque measurements of knee exténsors (120°/s) and
flexors (60°/s and 120°/5) (p < 0.001), the 30-second arm lifting test
(p < 0.001), and the GMWT (p = 0.016), respectively, Besides exercise
performance, older participants also had poorer scores in the mini men-
tal state examination (p = 0.019).

Gender differences with higher values for male participants were
observed in concentric isokinetic peak torque measurements of knee
extensors (120%/s) and Nexors (60°/s and 120%/5) (p < 0.001) and

Table 3
Handprip steength and functional performance.
Tarameter Group  Mean (4 standard deviation] [Nferences v baseling p-Vakue
Refine 3 mimitis G manths & fpre =3 m) Afpre = Gm) Time Group  Time = group
Handgrip serength [kg] T 17.0 [ £6.5) 173 {+£82) 1646 {4+ 76} 0.8 |+ 2.6) —L3{£24) 0639 0197 0470
RT 194 (463} 202 {+56) 204 (+58) =01 (£28) 04 (£2.7)
TS 188 (473} 192 (70} 198 { £ 68) 0.2 (%2.5] 0.3 (+2.5)
Arm-lifting test [repetitions) €T M(=10) 23 (&8 23 (00 2%9) ETFS ] OO0 0150 U6
kT 24(+10) (210" 24} Gi46)
RTS 2(x11) 1) 45" 10{8)"
Chale stand test Jrepetitions] €T 1 {x5 1n{=s)" (%5 -1{£3) 0(£2) <0001 0076 0002
RT 11 {4) 148 (44" 15 {&4)"" (23" FAES )
ks 12{£5) 13| &8]" 15 (&) 1{£2"" 2{£)""
GMWT [m| o 9 (£111)  3B0(119) 380 (£ 113 =5({+51) 9(4:59) 0006 (825 0469
KT 367 {+92) 39 (489) a2 (M) 19(£43) 23(£45)
RS 359 (< 101) 393 (4+158) 306 (£ 143)° 29 (4101) 20(4-08)
Gt speed o 148 (£057)  1E{£O75) &2 (2067 0.5 | £ 0.36) 008 (+030) 0010 0800 029
|ms) RT 149(£038)  160(£047) LTV {z052)" 011 {03 0.9 {£041]
RTS 150(+070)  150(+£068) 162(£083)"  —008 [2040) 0.00 (+-0:46)
Fumcrional reach test |cm| [a 213{£5.3) 7B {£60) 275 (£65) 05 (£47) 08 (+58) a3 g8t 0453
44 WG (=64 290({£7H) 29T (*T0) 03 (£61) 00(£72)
KIS WA [T} 289 {456) 126 {£68)} ~05(+63) 24 (4639}
Physical sevivity T 4865 (£1576) - NI (297" - —~152{£1169) 0080 0818 0380
|stepaid] RT ATB (£ - 3088 (& t745)" - ~ 73514 1339)
KT3 4457 (£2236) - 494 (21813 - =383 [ 852)
Viahses are shown.as mean |+ standasd devistion ). p-Values refer to main effects of e and group aswell astime = inge effects. { repeated it AROVAT Signi values

(= 0G  are st b holdl

CT (oo nitive training group); RT (restitance traindng group): RTS (resistance (raining + sujplement groug); GMWT {So Ministe Walking Test),
*ope 005 P 00) and 2 p < 0001 v biseline, ™" p< 001 and ## p < 0001 v CT,
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handgrip strength (p < 0.001 ). On average, men had larger walking
speeds than women (p = 0.003) and reached higher distances in
GMWT (p = 0.039).

Attendance at the training sessions as calculated by the ratio be-
tween attended sessions and offered sessions in percent was 715
(4 26.5%) with no significant differences between groups (p =0.05),
However, participants with higher attendance at the training sessions
were more likely to have superior peak torque values of knee flexors
at 12075 (p = 0.026), and performed better in the 30 s chair stand
test (p= 0030} and the 6 MWT (p = 0.019), respectively.

MMST was affected by age (p = 0.019) but MMST did not influence
any of the strength or functional performance parameters.

3.5, Baseline differences between finishers and drop-outs

As outlined in the participant flow (Fig. 1), in total nearly 30% of
study participants quit the study directly after the baseline measure-
ments ( 18.8%), between baseline and 3 months (4.3%) or between 3
and 6 manths (6.8%), Interestingly, finishers of the intervention study
had significantly higher performance indices already at the baseline
tests in some of the functional parameters, namely chair stand test
(p=0.012),6 MWT (p = 0.005]) and gait speed (p = 0.013) compared
to those subjects who dropped out from the intervention (Tabde 4).

4. Discussion

The main finding of the study was that six months of progressive
elastic resistance training can be effective to enhance parameters of
physical function such as number of repetitions in the chair stand rest
as well as the performance in the arm-lifting test even at old age.

Table &
Raseline differences bevween finkshers and drop-ouis.
Finishers Dirap-ots p\alue

Parthcipants friumber (%)] 82 ({70.1%) 35 (.97
A [ years) 824 (L62) 838 (455) 0221
MMST =] 76 {£1.9) 273 (5:20) 03a7
Chiair stand test [repetitions | 120{£47) 89 (£4.2) 0oz
BMWT [m] Ira (101} 307 {4 120) D005
Gait speed jmys] 155 {£057) 119 {06 0o
Functional reach test [em] 289 {2 64) 207 {26.1) 064
Arm-lifting test [repetitions| 235(+109) 23R (+47) 906
Handgrip strength | kg) 188 (4+6.9) 72{£55) VR3]

Valuesas mean | £ standand deviation |, p-Values refer to differences between the finisher
and drop-outs {Chi Square-, independen t-test ), Significant valees {p<0.05) ane shown in
bold. MMST: Mind Mental State Tess: BMWT: Sbe-Minue Walking Test.

Howewver, this type of resistance training was not able to enhance
isokinetic muscle torque of knee extensors and flexors, defined as pri-
mary outcome, This is different to many other resistance exercise stud-
ies with older adults using high-intensity programmes with free
weights or weight machines for several weeks. There is evidence that
training loads need to be high and of sufficient long duration if strength
and muscle mass are to increase {Raymond et al., 2013; Silva et al,,
2014; Steib et al, 2010). Intensities of G0-85% of the individual maxi-
mum voluntary strength have been recommended to increase muscle
strength by increasing muscle mass and even higher intensities are re-
quired to improve the rate of force development in the elderly (Mayer
etal, 2011}, The stucy participants were instructed to choose the resis-
tance {and coliour) of the elastic band in a way that they should be able
to perform two sets of exercises with a maximum of 15 repetitions per
set and with a resting period of 30 to 60 5. Several equations have been
developed to predict the one repetition maximum strength based on
submaximal tests, Even if the accuracy of these equations is linked to
specific exercises or populations, 15 repetitions as used in current
study comrespond to approximately 65% of the one repetition maximum
{American College of Sports Medicine, 2009; Baechle and Earle, 2008),
Therefore, the intensity chosen in our study can be defined as moderate
(Steily et al, 2010). Although the participants were carefully supervised
and encouraged, it cannot be excluded that some participants worked at
a lower intensity potentially explaining the lack in strength gains, It
might be of advantage in future studies to monitor elastic band exer-
cises using stretch-sensors which have been shown o measure total
and single repetition time-under-tension reliably {Skovdal Rathieff
etal, 2013).

While higher training intensities seem to be superior to low or mod-
erate intensities for improving maximal strength, low and moderate in-
tensity programmes are frequently used especially for elderly subjects
with functional limitations and with the presence of several comorid-
ities such as cardiovascular diseases (Liv and Latham, 2010; Pollock
et al, 2000; Sousa et al,, 2014). This is also the case for our stugy
population which consisted of people who cannot be considered as
thoroughly healthy as we included subjects with hypertension, hyper-
lipidemia, diabetes, osteaporosis, non-acute cardiac disesases and func-
tional impairments {use of walking aids, dynapenia and sarcopenia)
(Hofmann et al., 2015). One interesting outcome of our study has
been that functional performance as assessed by chair stand and arm-
lifting tests coubd be enhanced without improvements in muscle mass
or strength. This is in line with the evidence demonstrating that high-
intensity resistance training results in higher strength gains compared
to low-intensity exercise while high intensities are not necessarily re-
quired to improve physical function (Raymond ot al, 2013),

Specificity of the tests is an impartant issue when evaluating the ef-
fects of a training programme, We have used isokinetic dynamometry
as the primary outcome as this method is considered to be the gold
standard for assessing muscular strength (Gleeson and Mercer, 1996),
Similar to other studies (Ostchega et al, 2004: Skelton et al, 1994) we
observed good correlations of peak torques at both velocities with
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handgrip strength (r = 065-0,70, p < 0.001 ), gait speed (0.53-054, p<
0.001), BMWT (0.50-0.54, p < 0.001), and arm-lifting test {r = 0.45-
01,54, p < 0.001), The correlations to chair stand test were somewhat
lower {(L37-0.39, p < 0.001), In this study, two different angular veloc-
ities (6073, 1207/s) were used which can be considered as low 1o mod-
erate also reflecting the training velocity of the elastic band resistance
exercise training. We abstained from using higher velocities for assess-
ment as institutionalised elderly might have been unable to reach the
target velocity as shown previously {Lanza et al, 2003). Training with
elastic bands includes concentric as well as eccentric components
whereby the fatter seem to be especially suitable for elderly because
of the *high-force=-low-cost’ manner of eccentric exercises (LaStayo
et al, 2003, skavdal Rathlefl et al, 2013). Unfortunately eccentric mus-
cle strength was not assessed in the curment study making it impossible
to judge the improvements in eccentric strength,

It has to be mentioned that the study population consisted of much
mare females (88%) than males (12%). While the proportion of males
for community-dweliing men in Vienna is 34% at an age of 85 years
(Statistik Austria, 2015), the proportion of males in the retirement
homes i 19% in the age group of 80 to 89 years ald (Bader et al.,
2013) making our study population representative in terms of gender
distribution of institutionalized elderly in Austria. However, with this
small number of males it was not possible to conduct separate analyses
for males and females. It is known that ageing affects muscle protein
metabolism differently in men and women as the basal rate of muscle
protein synthesis is approximately 20X higher in women than that in
men, potentially explaining the slower loss of muscle mass in ageing fe-
males. On the other hand, exercise training doubles the basal muscle
protein synthesis in men, whereas it is increased only by - 40% in fe-
males (Smith et al, 2008), However, it is interesting that rrainability
assessed by strength gaing seem 1o be similar in older men and
women {Lemmer et al,, 2000; Peterson et aL, 2010) making it unlikely
{but not impossible) that larger or different improvements could have
been observed in males.

One frequent limitation in many training intervention studies is the
lack of & social activity for the control group that is of equal length and
frequency to the exercising group. Therefore, we decided to control for
social interactions by implementing a cognitive training for the control
group. Interestingly, improvements over time were detected for many
physical performance parameters such as isokinetic measurements,
gait speed, and aerobic capacity as assessed by 6MWT regardless of
groups indicating that also participants receliving only cognitive training
improved in these parameters, In order to prove whether participants
were changing their physical activity behaviour, we assessed steps per
day at the beginning and at the end of the study asa measure for overall
physical activity. Our data revealed that steps per day were generally
low (only 10% met the recommendation of 7000 steps per day; Tudor-
Locke et al, 2011) and decreased rather than increased in all groups.
Therefore, it is unlikely that an increase in physical activity could have
accounted far the observed improvements in performance of all groups,
Future in-depth analyses will be conducted to assess whether time
spent in different intensity zones or sedentary changed during the
study period.

It has been shown that aerabic and/or strength training are able to
improve cognitive function in patients with dementia (Bossers et al,,
2015) and healthy older people {Nouchi et ak, 2014}, In addition, it is
well known that difficulties with performance of functional activities
may result from physical impairments but also from a cognitive decline
(Fong et al. 2015). The question remains whether cognitive training in-
terventions on the other hand could exert positive effects on physical
perfarmance. Usually, cognitive interventions have been developed to
enhance memory and speed of processing, with the goal of maximizing
current function and reducing the risk of cognitive decline in efderly
populations (Acevedo and Loewenstein, 2007 ). However, a recent
study has indicated that cognitive training might improve balance and
gait in older adults known to have a history of falls {Smith-Ray et al.

2014) and longitudinal data from a large intervention trial have re-
vealed that cognitive training ameliorates everyday functional out-
comes in older adults demonstrating some transfer effects {Willis
et al, 2006), Therefore, we cannot comprehensively exclude that cogni-
tive training itself, although thought of as a control intervention, con-
tributed to the ameliorations in gait speed and GMWT.

Interestingly, protein supplementation was shown to be ineffective
in this setting as we could not detect any differences between the
trained only (RT) and the additionally supplemented group (RTS), We
have assessed nutritional status by MNA and detected slightly lower
scores in the cognitive group as compared to the other two intervention
groups, whereby these scores did not change over time. In total, about
B0% ol the participants had a normal nutritional status. in previous pub-
lications we have reported that the nutritional supplementation result-
ed in an increased uptake of vitamin [ and folic acid but not in protein
being between 0.8 and 1.0 g/kg/day in the RTS group (Franzke et al.,
2015a). Furthermore, plasma levels of vitamin B12 and folic acid in
erythrocytes were enhanced due to supplementation (Franzke et al..
2015b). Therefore, we can confirm that the supplement was regularly
consumed by the participants, There is an ongoing discussion about
the optimal intake of proteins, especially inan elderly population as cur-
rent recommendations for older adults range from 0.8 g/kg/day to
1.5 g/kg/day (Volkert and Sicber, 2011; Wolfe et al, 2008). It has been
shown that both, protein quality and timing are important for efficiently
enhancing muscle protein symthesis. In this study, we have used a pro-
tein supplement (20,7 ¢ per serving) that contains whey protein
enriched in leucine. Whey protein stimulates postprandial muscle pro-
tein accretion more effectively than do casein and casein hydrolysate
due to its faster digestion and absorption kinetics and higher leucine
content (Pennings et al,, 201 1), Increasing the proportion of leucine in
a mixture of essential amino acds can reverse an attenuated response
of muscle protein synthesis in the elderly (Katsanos et al.. 2006}, With
respect to timing, the ingestion of dietary protein directly after resis-
LaNCe exercse increases post-exercise protein synthesis rates in young
{Mipton et al, 2001 ) and old adults {Bukhari et al, 2015), In addition
there is some evidence that providing enough protein to maximalily
stimulate muscle protein synthesis at each meal (breakfast, lunch, and
dinner) induced the highest muscle protein synthesis in comparison
to a skewed pattern with lower protein intakes for breakfast and
lunch (Mamerow et al,, 2004), Therefore, we assume that the pattern
chosen in the current study with supplementation at breakfast and di-
rectly after the training sessions should be sufficient in order to addi-
tionally enhance muscle protein synthesis rate. However, the amount
of protein could have been slightly too small as a recent dose-response
study in elderly has shawn that as little as 10 g of whey protein is able to
prevent the significant decline in intramuscular branched chain amino
acid levels, but only larger doses of whey (30 and 40 g) increase leucine
level in skeletal muscle post-resistance exercise [([¥Souza et al, 2014),
Howewver, even if a higher muscle protein synthesis can be achieved
‘with protein supplementation post-exercise, this does not necessarily
translate into improved muscle strength (Finger et al., 2015).

One of the most important secondary fndings of our study is that
those participants who quit the study before the final measurements
were in a worse physical cendition at baseline as measured by chair
stand test, GMWT and gait speed than those finalising the study after
& months. We did not abserve any side effects associated with the resis-
tance exercise training or the nutritional supplementation. Reasons for
dropouts mostly have been medical issues not related to the interven-
tion but making a further participation difficult. This might be different
to many other studies i older aduirs, pre-selecting a rather healthy and
fit population of older adults but clinically relevant as a certain level of
physical fitness seems to be needed before starting a group training
programme.

In conclusion, six months of a moderate/Jow intensity resistance ex-
ercise using elastic bands and the own body weight has been shown ©
be beneficial in improving functional performance of institutionalised
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alder people with a mean age close to or even above the average life ex-
pectancy. Multinutrient supplementation did not offer additional bene-
fits to the effects of RT in improving museular performance.
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Abstract

Background: Ageing, inactivity and obesity are associated with chronic low-grade
inflammation contributing to a variety of lifestyle-related diseases. Transforming growth
factor-p (TGF-f) is a multimodal protein with various cellular functions ranging from tissue
remodelling to the regulation of inflammation and immune functions. While it is generally
accepted that aerobic exercise exerts beneficial effects on several aspects of immune
functions, even in older adults, the effect of resistance training remains unclear, The aim of
this study was to investigate whether long-lasting progressive resistance training (6 months)
with or without nutritional supplementation (protein and vitamins) would influence
circulating C-reactive protein and TGF-J levels as well as TGF-§ signalling in peripheral
mononuclear cells (PBMCs) of institutionalised adults with a median age of 84.5 (65.0-97.4)
years.

Results: Elastic band resistance training significantly improved performance as shown by the
arm-lifting test (p = 0,007), chair stand test (p = 0.001) and 6-min walking test (p = 0.026).
These results were paralleled by a reduction in TGF-B receptor 1 (TGF-BRI) expression in
PBMCs (p = 0.006), while circulating inflammatory markers were unaffected. Protein and
vitamin supplementation did not provoke any additional effects. Interestingly, muscular
endurance of upper and lower body and aerobic performance at baseline were negatively
associated with changes in circulating TGF-f at the early phase of the study. Furthermore,
drop-outs of the study were characterised not only by lower physical performance but also
higher TGF-p and TGF-BRI expression, and lower miRNA-21 expression.

Conclusions: Progressive resistance iraining with elastic bands did not influence chronic low-
grade inflammation but potentially affected TGF- signalling in PBMCs through altered

TGF-BRI expression. There appears to be an association between physical performance and
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TGF- expression in PBMCs of older adults, in which the exact mechanisms need to be
clarified.
Key Words: Vienna Active Ageing Study (VAAS), TGF-p pathway, microRNA, chronic

inflammation, inflammageing, strength training



Background

Population ageing resulting from a higher life expectancy concomitant with a decline in
fertility will lead 10 a global increase in the proportion of people over the age of 60 years from
12% in 2015 to 22% by 2050 [1]. With higher ages, the prevalence of cardiovascular,
metabolic and neurodegenerative disorders and cancer is enhanced. [t has been shown that
many of these conditions are related to compromised homeostasis between proper activation
of the immune system and its resolution, leading to a limited response to pathogens and
vaccines on the one hand and a chronic inflammatory state on the other hand [2, 3].
Transforming growth factor-p (TGF-B) is a multifunctional protein involved in the regulation
of cell proliferation, extracellular matrix production, inflammation and immune functions [4].
Higher circulating levels of TGF-P are related to obesity with impaired insulin sensitivity [5],
cardiovascular diseases among individuals with higher C-reactive protein (CRP) levels [6],
type II diabetes [7, 8], and a higher age [9]. TGF-p interacts with several cell types by
binding to membrane serine/threonine kinase receptors, TGF-f receptor 1 (TGF-BRI; also
known as ALKS) and TGF-BRII, initiating diverse cellular responses [10]. An approach to
modulate TGF-B signalling is to alter the expression of its receptors. Recently, it has become
evident that microRNAs (miRNAs) might regulate thousands of human genes by either
mRNA degradation or suppression of mRNA translation [11]. A recent investigation
estimated that 84-89% of miRNA-induced suppression of gene expression is the result of
degradation of target mRNAs [12]. Currently, close to 1,900 human miRNA precursors are
listed in the miRBase registry, which give rise to 2,588 mature miRNAs [13, 14]. One of
these miRNAs, miRNA-21, plays a crucial role in a plethora of biological functions and
diseases including the development of cancer, cardiovascular diseases and inflammation [15].

Interestingly, miRNA-21 is a validated target of both TGF-BRI and TGF-BRII [16], and
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overexpression of miRNA-21 is associated with elevated levels of proinflammatory cytokines
in a dominant-negative TGF-BRII mouse model [17].

Regular physical activity offers protection against, and may be a useful treatment for, a wide
variety of chronic diseases associated with low-grade inflammation [18]. In particular,
endurance exercise training combined with dietary weight loss strategies have been shown to
decrease the chronic inflammatory state associated with obesity and old age [19, 20].
Resistance training prevents or counteracts age-related loss of muscle mass and functions |21,
22], but there is an ongoing discussion whether this type of exercise alters the chronic
inflammatory state associated with ageing [23-25].

In the Vienna Active Ageing Study (VAAS), we previously showed that resistance training
using elastic bands for 6 months leads to an increase in functional performance of the lower
and upper extremities in older people Furthermore, we detected higher CRP levels and lower
TGF-BRI and TGF-BRII expression in peripheral blood mononuclear cells (PBMCs) of older
women compared with younger women [26]. Therefore, the aim of this sub-study of the
VAAS was to investigate whether progressive resistance training alone or in combination
with a nutritional supplement containing protein and vitamins influenced expression of TGF-

B. its receptors, and/or miRNA-21 in older institutionalised people.

Resulis

Subject characteristics

A total of 230 potential participants were screened for eligibility, and 117 participants (89
women and 12 men) agreed to participate in the VAAS. The participants were randomised
into intervention groups: cognitive training (CT), resistance training (RT), and resistance
training plus nutritional supplementation (RTS) (Figure 1), Blood samples were available

from 95 participants (84 women and 11 men). To prevent any potential interference by acute



inflammatory processes, we excluded all subjects with CRP levels above 10 mg/L at any time

point as suggested previously [27, 28]. Finally, data from 88 participants (77 women and 11

men) with a median age of 84.5 (65.2-97.4) years and a median body mass index (BMI) of

28.9 (18.1-50.0) kg/m? were included in the current study. No differences between study

groups with respect to age, gender and anthropometric data were detected at baseline (Table

1.

Table 1. Bascline characteristics

All cT RT RTS P-Value
Subjects [number] b 30 32 28
Geender | female/male] T 255 2854 2402 0602
Age [years] BA5(65.0-97.4) 4.5 (60.4-97.4) B4 (717947 4.3 (65.0-92.1) LR
BMI [kgfen?] 28.9(18.1-530.00 208 (18.1-36.9 .2 (22.7-40.2) XT0(229.3000 0.741
Leukocyle subpopulations and circulating biomarkers
Leukecytes |x 10" cells /L] 6.6 (3.3-13.00 TAE9-10.3) 5.8 (31-98) 6 (4.4-13.3) 0z
Lymphocytes |oelisful] 14940 {D30-4930) 1985 (S10-3510) 1835 (B30-33300 2200 { 14604700 U85
Neutrophils Joelishul] 3095 (1 530-9860) 4414 (2410-6630)" 2031 (1530-680K0 JRED (2370-9806{0) .0
Eosinophils [cellsipl] 2000 1 0-T400 225 (360200 160 { 10-7440) 220 10-470) 0135
Basophils [cellaipl] A1) A510-101) 35 (10-190) 35 (10-50) 0.397
Monocyies [eellsful] 560 (250-9010) 587 (729500 520 (260-860) 545 (320-9600 0.189
hs-CRP [mgfl.) 1.95(0.3-79) (D579 1.9 {0.3-7.6) 1.9 (06-6.7) 0018
TGF-f [pg/L] 3334{16.7-713.T) 38.2{18.7-T3 7 2B (16.7-354) 320 21.0-51.1) [R3
PEMC gene expression
TGF-RGAPDH |-] (L85 {0,06-3. 36) (.48 (0.23-2.66) 060 (0.21-2.52) 0,58 ((.06-3.36) 0.725
TGF-RRVGAPDH |-] 2,05 (.14-28.82) 1990, 14-22.39) 2.04 (0.69-19.25) 211 10.29-28.81) 0900
TGF-FRIVGAPDH |-] 16T (0.31-15.85) 154 (0.66-7.79) 1600 (065514 85) 179 (0.51-10.80) 0.714
miR-21 [copies/pgl 2400 (57-4720) 2000 (343 -4300) 2120 (57-4720) 2350 (350-4590) 0765

Data are expressed as medians (min-max); Group differences were detected using X7 or Knuskal-Wallis 1ests and if significam, followed by
Bonaferroni-comrected post-hoe analyses (* p<0.03 vs. RT)

Abbreviations: CT, cognitive training: RT, resistonce training: RTS. resistance imining plus supplement: PEMC, peripheral blood mononuclear
ocll; hs-CRP, high sensitive C-reactive protein: TGF-fi. transforming growth factor-fi, TGE-fR, TGF-f receptor; GAPDH, glycembdehyde 3-
phasphate dehydrogenase; miR-21, microRNA-2|

Resistance training improves physical performance of older subjects

We have previously shown that resistance training intervention specifically improved
muscular endurance (chair stand and arm-lifting tests), while isometric strength (handgrip
test) and aerobic capacity (6-min walking test; 6MWT) increased similarly in all intervention

groups [22]. Because the current study differs from the original with respect to the study
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population, the data were re-analysed. At baseline, no differences in any of the physical
fitness parameters were observed between intervention groups (p > 0.05). Similar to the
previous results, chair stand performance was increased in the RT group (3 months: +18%, p
= 0.041; 6 months: +27%, p = 0.001) and RTS group (6 months: +15%, p = 0.017). Arm-
lifting performance was enhanced in RT and RTS groups only after 6 months (RT: +24%, p=
0.007; RTS +61%, p = 0.007). While handgrip strength was unaliered over time in all
intervention groups (CT: p = 0.454; RT: p = 0.238, RTS: p = 0.810). acrobic performance
during the 6MWT was slightly improved in the RT group after 6 months (+9%, p = (.026) but

not in the CT or RTS groups (CT: p = 0.959, RTS: p = 0.080) (data not shown).

Effects of interventions on leukocyte subpopulations and circulating inflammatory
markers

At baseline, leukocyle numbers differed significanily between intervention groups (p =
(.002). Post-hoc analyses revealed that subjects from the RT group had lower leukocyte
numbers than those from the CT group (+28%, p = 0.002) and the RTS group (+19%, p =
(.039), which was owing to lower numbers of neutrophils (CT: +51%, p < 0.001; RTS: +33%,
p = 0.092). All other parameters did not differ between groups at baseline (Table 1),

Except for adaptation of the leukocyte numbers in the RT group (overall: p = 0.001: 3
months: p = 0.166; 6 months: p=0.001; +5%) caused by an increase in neutrophils (overall: p
= 0.011; 3 months: p = 0.166; 6 months: p = 0.010 +20%), we did not detect any other
alterations in leukocyte, lymphocyte, monocyte or granulocyte counts. The significant overall
effect on basophil granulocytes (p = 0.011) in the CT group could not be confirmed after post-
hoc analysis (3 months: p = 0.066, 6 months: p = 0.399). Similarly, the circulating levels of

TGF-f and hs-CRP remained unchanged (Table 2).



Table 2. Intervention effects on leukocyte subpopulations and circulating inflammatory

markers

Baseline (n=8%) 3 months (n=71) & months (n=64) P-Value
Leukocytes [x107 cells/L]
CT T4 (4.9-10.3) T3(4.1-11.9) 7.0 (54-94) 0440
RT 58(3.1-98) 6.1 (3.2-89) 6.0(3.3-9.8)* 0001
RTS 6.9 (4.4-13.3) 7.0(4.5-11.7) 7.1 (4.7-13.00 0.586
Lymphocytes [eellsiul]
CT 1985 (910-3510) 2190 (BH0-3980) 2250 (930-3540) 0.387
RT 1835 (830-3330) 1780 (912-3190) 1720 10E0-3430) 0651
RTS 2200) ( 1460-4T00) 2340 (1570-4680) 2190 1640-4930) 0810
Monocytes [cellsiul]
CT 587 (72-950) GOHD {300-T50) SO0 (400-910) 0.534
RT 520 {260-360) 475 (250-960) 510(250-880) 0104
RTS 545 {320-960) 490 (300-840) 545 (330-900) D404
Neutrophils [cells/ul]
cT 4413 (241 0-6630) 4030 { 1990-7420) 3910 (31 10-5880) 0.247
RT 2931 (1530-6800) 3425 (1720-5880) 3520 ( 1800-7330)* 0.011
RTS 3889 (2370-98060) 3805 (1720-8730) 429 ( 1664-8680) 0.368
Basophils [eells/pl]
CT 45(10-111) 30 10-90) 30 (20-100) 0.027
RT 35(10-1%n 30 (10-100) 30 (10-80) (L.8T8
RTS 35 (10-90) 35 (10-5) 40 (10-80) (.344
Ensinophils [ cells/ul]
CcT 225 (36-620) 1800 (80-570) 220 (9H0-3300 0891
RT 160 { 10-740) 180 (40-530) 200 (30-570) 0381
RTS 220 ( 10-470}) 205 (20-630) 2060 (90-630) 0.137
hs-CRP [mg/L]
CT 2.1 (0.5-7.9) 241(0.2-9.2) 1.8 {0.3-8.5) 0424
RT 1.9(0.3-76) 2.2(0.5-7.1 20(06-9.6) 0645
RTS 1.9 (0.6-6.7) 2.2{06-8.5) 1.6 (0.4-5.5) 0135
TGF-f [pg/L]
CcT 38.2(18.7-73.7) 30.7 (18.4-67.8) 40.8 (21.9-67.9) 0.953
RT 328 (16,7-554) 34.7 (18.3-59.T) 34.6(12.7-57.3) 0.075
RTS 32,01 (21.0-51.2) 380 (22.9-50.8) 355 (22.1-52.1) 0431

Data are expressed as medians (min-max ); Differences were detected using the Friedman test and if significant, followed by
Bonfermoni-comected post-hoc analyses (* p<0.05 vs. baseling)

Abbreviations: CT, cognitive training; RT, resistance training: RTS. resistance training plus supplement; hs-CRP, high
sengitive C-reactive prodein: TGF-fi. transforming growih factor-fi

Influence of interventions on intracellular TGF-B, its receptors, and miRNA-21
expression

The expression of TGF-B, TGF-BRI, TGF-BRII and miRNA-21 in PBMCs did not differ
between groups at baseline. Resistance training led to a significant decrease in TGF-fRI

levels (p = 0.006). Post-hoc analyses revealed that the initial decrease at 3 months (-27%, p =
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0.015) was reversed at 6 months (p = (L117). Interestingly, this decrease could not be
confirmed in the RTS group, although the median level decreased similarly to the RT group.
Intracellular TGF-B, TGF-BRIL and miRNA-21 expression was not influenced by any of the

interventions (Table 3).

Tahle 3. Intervention effects on TGF-J signalling

Baseline (n=88) 3 months (n=71) 6 months (n=64) P-Value
TGF-GAPDH [-]
CT (.48 (0.23-2.66) (048 (0.27-4.10) 043 (0.25-1.93) (.654
RT .60 (0.21-2.52) 051 (D0.16-2.63) 0.52(0.23-2.30) 0568
RTS 0.58 (0.60-3.36) 047 (0.15-2.65) 0.56(0.90-2.92) 0.549
TGF-PRVGAPDH -]
T 1.9 (0.14-22.39) 1.76 (0.46-29.89) 1.94 (0.11-9.24) (664
RT 204 (0.69-19.25) 1,69 (0.34-9.21)* 1.77 (0.54-15.91) L006
RTS 211 (0.29-28.81) 1.65 (0.28-15.06) 243 (0.52-15.04) 0.949
TGF-PRIVGAPDH [-]
e 2 1.54 (0.66-7.79) 1.37 (0.68-9.17) 1.43 (0.67-6.32) 0.873
RT LoD (0.66- 14.85) 1.59 (0.57-13.50) 16T (0.62-8.79) 0296
RTS 179 (0.50-10.80) 1.73 (0.44-5.25) 208 (0.69-6.67) 0212
miR-21 [copies/pg RNAJ
[ 2920 (343-4500) 2840 (276-5120) 2460 (1050-4T700) (L8601
RT 2120(57-4720) 2275 (555-5600) 2540(330-3020) 0.368
RTS 2350 (550-4590) 2535 (353-4780) 28310 ( 1600-4630) 0.854

Drata are expressed as medians (min-max): Differences were detecied using the Friedman test and if significant, followed by
Bonferroni-comecied post-hoe analyses (* p<0.05 vs. bascline).

Abbreviations: CT, cognitive training: RT, resistance training: RTS, resistance training plus supplement: TGF-fi,
transforming growth factor-f. TGF-pR, TGF- recepior; GAPDH. glyeeraldehyde 3-phosphaie dehydrogenase; miR-21,
microRMNA-21.

Because resistance training only led to marginal changes in the TGF-J} signalling pathway, we
examined whether different components of physical fitness (strength, muscular endurance and
aerobic performance) at baseline were influenced by the TGF-f signalling response
(difference between 3 or 6 months and baseline values). While isometric handgrip strength
was not associated with alterations in TGF-B-related parameters, muscular endurance and
aerobic performance at baseline were negatively associated with changes in circulating TGF-}

levels after 3 months (chair rise test: p = =0.349, p = 0.003, arm-lifting test: p = -0352, p=



0.024; 6MWT: p = —0.308, p = 0.009), but chair stand performance was positively associated

with changes in TGF-BRII expression (p = 0.254, p = 0.033).

Drop-out analysis

During 6 months of intervention, 18 women and 3 men (27%) left the study because of
several reasons (loss of interesi or acute medical reasons such as joint pain or cardiological
issues). The drop-out rate did not differ between groups. In addition, age, sex, and existing co-
morbidities in general were not related to adherence to the study, Only the number of
participants diagnosed for hyperlipidaemia was higher in finishers compared with the drop-
outs (p = 0.011). Baseline performance appeared to be related to study adherence because
drop-outs had lower aerobic (6MWT: =19%, p = 0L020) and chair stand (=13%, p = 0.015)
performance than finishers of the study. Strength (p = 0.608) and muscular endurance (p =
0.924) of the upper extremities were not different between finishers and drop-outs. The
observed differences also became evident in some of the TGF-B-related parameters because
TGF-p (+106%, p = 0.016,) and TGF-PRI (+237%, p < 0.001) expression was higher in drop-

outs, while miRNA-21 expression was lower (=65%, p < 0.001) (Table 4).

Table 4. Baseline differences between drop-outs and finishers

Total (n=83) Drop-out (n=24) Non-Drop out (n=67)  p-Value

Gender [female/male] 71 ™ I0 0,980
Age [years] 84.5 (65.0-97.4) B4.8 (69.4-92.2) 842 (65.0-97 4) 0.502
BMI [kg)‘m’l 289 (18.1-50.0) 283 (18.1-43.7) 20,6 (23.4-50.00) 0138
hs-CRP [mg/L] 1.9 (0.3-7.9) 2.000.8-7.9) 1.9 {0.3-7.6) 0413

TGF-J signalling
TGE-f [ug/L] 333 (16.7-73.7) 303 (22.5-58.0 32.8(167-73.7) 0.178
TGE-MGAPDH [-] 053 {0.06-3.36) 107 (0.21-3.36) 0.52 (0.06-2.66) 0016
TGF- RUGAPDH [-] 205 (0.14-28.81) 641 (1.31-2881) 1.90 (0.14-22.39 ={.001
TGE-j RIVGAPDH [-] 1.67 (0.51-14.85) 300 (0.91-10,80) 1.59 (0,51-14 85} (L9
miR-21 [copies/pg RNA] 2400 (57-37200 979 (498-3640) 2815 (57-4720) <0.001

Co-morbidities
Hyperlipidemia (n) a5 [ 29 0011
Hypenension (n) 81 28 53 0.700
Osteoporosis (n) 42 16 26 0429

10
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Cardiac diseases (n) 33 13 20 0.398

History of cancer (n) 14 5 9 0.862
Diabetes Type 1 (n) 17 (3] 11 0.877
Ohesity (n) 32 10 22 0.322

Data for continuous variables are shown as medians (min-max). For co-morbidities, the respective numbers of affected
participants were determined at the medical entrance examination. Obesity was defined as a BMI of >30 kg/m?,
Differences between groups were determined by Mann=Whitney U or X2 tests.

Discussion

The aim of the current study was to investigate the effects of long-lasting (6 months)
progressive resistance training alone and in combination with a nutritional supplement
enriched with protein and vitamins on systemic inflammation and TGF-B signalling in
PBMCs of institutionalised, but independent older people. Circulating TGF-f and hs-CRP
levels as well as intracellular TGF-f gene expression were not influenced by elastic band
resistance training. Interestingly, TGF-BRI, but not TGF-BRII, gene expression was reduced
in the RT group after 3 months and retwrned to baseline levels thereafter.

It is well known that regular endurance training reduces the chronic proinflammatory state
caused by ageing and physical inactivity [29, 30]. Adipose tissue appears to play a substantial
role in this scenario because it is a major source of several hormones and cytokines [31]. ]. In
particular, visceral fat depots and the macrophages within these depots release
proinflammatory cytokines such as interleukin-6 (IL-6), umour necrosis factor-o (TNF-a)
and TGF-1 [32]. The increase in energy expenditure caused by enhanced physical activity
reduces body fat, thereby influencing the capacity to produce and release proinflammatory
mediators [32]. Recommended strategies to lose weight and body fat include aerobic exercise
training combined with caloric reduction. Although it is known that resistance training does
not promote clinically significant weight loss, it influences body composition by increasing
muscle mass and decreasing body fat [33, 34]. Thus, it has been hypothesised that muscle-
strengthening exercises also exert anti-inflammatory effects. Based on intervention studies

investigating the effects of strength training on inflammatory markers such as CRP, TNF-o



and IL-6, the data are ambiguous because some studies have revealed a positive effect [23,
35], whereas others did not observe any amelioration in the inflammatory state [36, 24, 25].
While the TGF-p superfamily has been studied extensively in the adaptation of muscles and
tendons to exercise [37], investigations into the context of exercise immunology are scarce. A
combined strength and endurance exercise programme increases circulating TGF-p [35],
whereas strength training alone does not alter its levels [38], which support our results. The
intervention programme altered functional performance but had no effects on body
composition [22, 39]. Furthermore, we hypothesise that endurance training with or without a
dietary weight loss strategy would be more effective to target the chronic inflammatory state.
This hypothesis is supported by the fact that parameters measuring aerobic fitness and
muscular endurance, but not handgrip strength, correlated with TGF-p alterations.

While circulating levels of TGF-p were unaffected, we showed for the first time that
resistance training lowers the gene expression of TGF-PRI in PBMCs of older adults,
potentially leading to decreased signalling through the type I receptor. This decrease occurred
concomitant with an increase in neutrophil counts. Neutrophil granulocytes are the largest
fraction of leukocytes and the first line of defence against pathogens. It has been shown that
their numbers and function might be altered during the ageing process [40]. |. In addition,
both the number of leukocytes and the percentage of neutrophils have been shown to increase
with progression to multi-morbidity in a sample size of more than 26,000 individuals [41].
Although neutrophils express receptors for TGF-p, its importance in regulating neutrophil
function is poorly understood, except for a proposed effect on functional polarisation of
tumour-associated neutrophils towards a pro-tumourigenic phenotype [42, 43]. However,
most importantly, PBMCs, which were the source of TGF-BRI mRNA in our study, only
include lymphocytes and monocytes, and not erythrocyies or neutrophils. Therefore, the

decrease in TGF-PRI expression must arise from one of these cell types rather than
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neutrophils. Future studies will need to investigate the exact contribution of the diverse
subpopulations in the adaptation to resistance training.

Interestingly, the observed changes only occurred in the RT, but not RTS, group receiving the
same strength training intervention. Similar to resistance training alone, some studies have
revealed that enhanced protein intake leads to similar beneficial effects on muscle mass [44,
45). However, a recent systematic review demonstrated that combining protein
supplementation with resistance training is effective for eliciting gains in fal-free mass among
older adults, but did not appear to further increase muscle mass or strength, which was similar
o our study [46]. In addition to proteins, the supplement in this study contained several
vitamins. Based on previous analyses, this supplement increases the uptake of vitamin D and
folic acid as well as the plasma levels of vitamin Bz and folic acid in erythrocytes [47, 48].
There is an ongoing discussion whether antioxidant supplementation may even blunt an
exercise-induced iraining effect [49]. Evidence indicates that reactive oxygen species
modulate TGF-B signalling. In turn, TGF-§ increases the production of reactive oxygen
species and suppresses antioxidant enzymes [50]. Therefore, it cannot be excluded that
rigorous scavenging of free radicals impaired the TGF-[} pathway response in the RTS group.
A reduction in TGF-BRI expression can be caused by either lower production or an increase
in degradation of its mRNA. Post-transcriptional degradation of mRNAs often involves
miRNAs specific for the respective target gene [12]. We have investigated miRNA-21 that
has been shown to suppress TGF-BRI and TGF-BRII [16]. Additionally, circulating miRNA-
21 levels are increased in men with a low aerobic capacity as measured by maximal oxygen
uptake [51]. However, its levels were not enhanced in RT or RTS groups, suggesting that
other mechanisms and/or other miRNAs are involved in the down-regulation of TGF-BRI in
PBMCs by strength training [52].

One striking secondary outcome of this study is that TGF-B, TGF-BRI and potentially TGF-

BRII expression at the beginning of the study were higher in drop-outs compared with
13



finishers, while miRNA-21 expression was lower. Drop-outs were less physically fit than
finishers. We confirmed that age, sex, body composition and the presence of several co-
morbidities might not contribute to this effect, but the proportion of subjects with
hyperlipidaemia was higher among finishers. A possible explanation for this fact could be the
‘obesity paradox’ that implies moderate obesity at a higher age reduces the mortality risk [53,
54].

Although this study provides interesting data on TGF-B-related parameters in the context of
inflammaging and exercise training, we also have 1o highlight some of its limitations. Because
the study is a secondary analysis of a previously conducted trial [22], it is obvious that the
data need to be confirmed in a future prospective study. Furthermore, the number of female
participants outnumbered the male participants by a significant degree. It also has 1o be
mentioned that the proportion of community-dwelling men at an age of 85 years in Vienna is
349 [55], but the proportion of male individuals in Viennese retirement homes is 19% for this
age group [56] making our study population representative in terms of sex distribution of
institutionalised older individuals in Austria. Although it was not possible to perform sub-
group analyses because of the low numbers of men, their exclusion led to the same

conclusion, indicating that the data are reliable at least for older women.

Conclusion

Resistance training is beneficial, even in very old subjects, and potentially influences TGF-p
signalling through altered receptor expression. Furthermore, adherence to the intervention was
significantly related to alterations in the TGF-B pathway at baseline, but further information is
needed to clearly understand the role of TGF-[} in the context of inflammaging and resistance

training.
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Methods

Participants and study design

The study was conducted using a randomised observer-blind design with three parallel
groups, RT, RTS and CT. Briefly, participants were untrained, over 65 years of age with a
Mini-Mental State Examination score of =23 and free of any medical conditions that would
impair their participation in a resistance training study [57]. |. From a total of 117 participants
in the VAAS, only those with available blood samples and a hs-CRP level below 10 mg/L at
any time point were included in the current study (n=88). The present study was conducted in
accordance with Austrian laws, including the Doctors Act, the Data Protection Act and the
Declaration of Helsinki as revised in Edinburgh (2000), and in analogous accordance with
International Conference on Harmonization - Good Clinical Practice Guidelines. Written
informed consent was obtained from all participants. A detailed description of the study
design has been published previously [22]. This study was approved by the ethics committee
of the City of Vienna (EK-11-151-0811) and is registered at ClinicalTrials.gov,

NCTO1775111.

Interventions

Interventions were conducted for 6 months, and measurements were obtained at baseline,
after 3 and 6 months. Twice a week, RT and RTS groups performed supervised progressive
resistance training without using any equipment other than elastic bands and their own body
weight. Additionally to the exercises, participants from the RTS group were encouraged to
drink a supplement that was distributed every morning as well as directly after the resistance
training (in total nine times per week). One portion consisted of 20.7 g protein (55 En%; 19.7
2 whey protein, 3 g leucine and 10 g essential amino acids), 9.4 g carbohydrates (25 En%:; 0.3

BE), 3.0 g fat (18 En%), 1.2 g fibre (2 En%), various vitamins such as 800 IU (20 pg) vitamin

15



D, minerals and trace elements (FortiFit; Nutricia GmbH, Vienna, Austria). Total energy per
drink was 150 keal. Intake of the nutritional supplement was controlled at breakfast as well as
after each training session. The CT group served as a control group based on performing
supervised cognitive tasks in a sitting position, which was performed twice a week to

maintain all social interactions at a comparable level between groups [58].

Determination of body composition, physical fitness and health

Standing height was assessed using a commercial stadiometer (Seca, Hamburg, Germany),
Body mass was evaluated with a digital scale (BWB 700; Tanita, Amsterdam, Netherlands) to
the nearest 0.1 kg with subjects lightly dressed and barefoot. BMI was calculated by dividing
the body mass in kilograms by height in meters squared. To measure strength of the upper
extremities, participants performed two trials of an isometric handgrip strength test (kg) using
a dynamometer (JAMAR compatible handgrip dynamometer adapted to handle various hand
sizes) in a sitting position with an angle of 90° in the elbow [59]. Functional performance of
the lower extremities was measured by a chair stand test, and that of the upper extremities by
an arm-lifting test as described previously [60, 22]. Aerobic capacity was assessed by the
G6MWT conducted on a 30-m shuttle track [61]. Global cognitive function was determined by
the Mini-Mental State Examination [62]. Co-morbidities (hyperlipidaemia, hypertension,
osteoporosis, cardiac diseases, history of cancer and diabetes mellitus) were determined at the
medical entrance examination. Adiposity was defined by a BMI of =30 kgfm3 according to

the World Health Organization criteria.

Blood sampling and analyses
After overnight fasting, venous blood samples were obtained in a resting state between 06:30
and 08:00 using Z serum Clot Activator collection tubes [‘\-’acueltc@; Greiner Bio-One GmbH,

Kremsmiinster, Austria) to analyse circulating TGF-B and hs-CRP, EDTA tubes (Vacuette™;
16
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Greiner Bio-One GmbH) to determine leukocyte subpopulations and BD Vacutainer® CPT
Tubes (Becton, Dickenson and Company, Schwechat, Austria) containing ~130 IU Na-
Heparin and 2 mL Ficoll™ to isolate PBMCs.

Hs-CRP was routinely quantified on a Cobas 8000 (Roche Diagnostics, Vienna, Ausiria).
Leukocyte subpopulations were determined by routine flow cytometric analyses. TGF-§ was
analysed using a commercially available DuoSet development kit to perform an enzyme-
linked immunosorbent assay (DY240; R&D Systems, Abingdon, UK) following the
manufacturer’s instructions including plasma activation by acidification (pH 2) by adding
hydrochloric acid (final concentration: (0.1 mmol/L) and neutralisation with sodium hydroxide
(final concentration: 0.12 mmol/L) before measurement.

PBMCs were separated from red blood cells and neutrophils using BD Vacutainer® CPT
Tubes {Becton Dickinson Austria, Vienna, Austria). The obtained pellet was carefully
resuspended in 700 pL. QIAzol Lysis Reagent (Qiagen, Hilden, Germany) and stored at
—B0O°C until analysis.

Total RNA including small RNAs was isolated using a miRNeasy Mini Kit (Qiagen, Hilden,
Germany) following the supplier’s protocol. To prepare a miRNA-enriched fraction separated
from the larger RNAs (>200 nt), we used an RNeasy MinElute Cleanup Kit (Qiagen). Reverse
transcription of the miRNA-enriched fraction was performed using a miScript 11 RT Kit
(Qiagen), whereas larger RNAs were reverse transcribed using a QuantiTect Reverse
Transcription Kit (Qiagen).

TGF-B, TGF-BRI and TGF-PRII mRNA levels were determined using the respective primer
pairs [Hs_TGFBI1_1 (QT00000728), Hs_TGFBRI_1 (QT0O0083412) and Hs_TGFBR2_]
(QT00014350); Qiagen] in conjunction with a QuantiTect SYBR Green PCR kit (Qiagen). In
addition, glyceraldehyde-3-phosphate dehydrogenase [Hs_GAFDH_2 (QT01192646)] served
as the endogenous control to normalise the data. Quantification was performed on an Applied

Biosystems” 7500 Real-Time PCR System.
17



MiRNA-21 expression levels were detected using a miScript Primer Assay specific for
miRNA-21 [hs_miR-21_2 (MS00009079);, Qiagen]. Quantification was performed on the

Applied Biosystems® 7500 Real-Time PCR System,

Statistical analyses

Data acquisition and processing were performed using commercial software (IBM SPSS 20).
The Shapiro-Wilk test was used to test for a normal distribution. Because most of the
variables were not distributed normally, the non-parametric Mann-Whitney U-test or the
Kruskal-Wallis test were used to compare two or more independent groups, whereas the
Friedman test was applied to detect changes over time in different intervention groups. To
avoid bias by multiple testing, the results were Bonferroni-corrected for post-hoc analyses.
Correlations between variables were identified by Spearman’s rank correlation coefficient.
Data are shown as the median (minimum-maximum). Statistical significance was set at p <

0.05.
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4 Summary and Discussion

The aim of the current thesis was to researchnifigeince of progressive resistance training
on immunological -, especially TGFrelated parameters, in older persons. Therefotbgi
first step, we investigated the expression of Tg;Hs receptors and its potential modulator
mMiRNA-21 in PBMCs in the context of age and fitnst&gus. In the second study, six months
of elastic band resistance training was conduaembsess a broad range of functional and
isometric strength tests as well as age adjustddrance tests. The last and for this thesis
the most important step was, to investigate thecefdf the strength training intervention
with and without supplement and control on the egpion of TGH and the related

parameters.

4.1 Youngvs. old in TGF$ and its Receptors

The first scientific task was to get an overviewtloa differences between young and elderly
persons measured. Those immunological alteratiare wieasured in the circulating and
intracellular TGFB and its related parameters, namely T/l as well as miIRNA-21

beside circulating inflammatory parameters.

Therefore, circulating as well as intracellular FERvas determined together with its
receptors, miRNA-21, hs-CRP and several tests edsdowith physical fithess on sixteen
healthy young (22-28 years) and 90 healthy old&+9® years) participants. Young and old
females differed substantially in fithess as measly 6-minutes walking test, handgrip
strength, isokinetic peak torque of knee extensmis flexors as well as serum hs-CRP
levels. While serum levels of TGFas well as TGHB-and miRNA-21 expression levels in
PBMCs did not differ between young and old femal&aF$RI and TGB-RII mRNA were
significantly lower in elderly. However, neither & nor its receptors were associated with

performance characteristics in elderly women.

Initially, TGF-B was purified from human platelétsCirculating TGFB has been detected
in a variety of studies with plasma values randgmogn below 0.1ng/ml up to more than
25ng/mP°. Of course the study population differed betweleesé studies ranging from
healthy individuals of both gender and age-groupslifferent patient groups. However,

methodological issues concerning plasma processidgassay system seem to be the most
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critical factors in determining TGF{evels. In this respect it has been shown that platelet
degranulation, hemolysis of erythrocytes and comation with leukocytes can lead to an
over-estimation of TGB-protein levels in plasma, however different adiwaprotocols to
dissociate TGH from its complexes are in use. Therefore, we aadymother groups used
acidification of serum samples prior to assessiB§ P by ELISAI. For this purpose, both
serum from young and old females were treatedersttme way, therefore minimizing the

risk of bias within the study.

Regarding lifestyle-related diseases TEBeems to play conflicting roles as shown for
cancer, where it act on the one hand as tumourssgqr by inhibiting cell proliferation and
inflammation in the early stage of cancer developinad on the other hand as tumour
promotor by inducing metastasis or angiogenesigtir stages of the dised¥e TGF$
modulates even collagen biosynthesis and releadlegien byproducts such as procollagen
type Ill N-terminal propeptide. These factors agéated to several cardio vascular risk
factors including age, obesity and hypertensiontédwer, individuals with higher levels of
either TGFB or procollagen type Il N-terminal propeptide wenere likely to be black,
less physically active and have higher concentnatiohs-CRE? Similarly, higher levels
of TGF{3 are measured in hypertensive humans, whereasasedeserum levels of TG
may also protect patients with coronary artery ageagainst cardiovascular events and

coronary interventiort§3 104

With respect to age decreased levels have beeneddor adults (21-67 years) compared
to children (1-14 yearS¥. More detailed, it has been revealed that P3&vels are higher

in males than in females, but decrease with agéranease with obesity in both gendéfs
Interestingly, in centenarians, serum T&Foncentrations seem to be higher than in
younger adults, suggesting that high concentratadnBGF{§ might be beneficial during
extreme old ag€’. These results are in conflict with our resultsaasdid not detect any
differences in TGH between young and old women. However, the broageaf age as
well as other lifestyle related factors such assaper diabetes which were characteristic

for our study could have influenced the results.

Additionally to circulating levels of TGB-we were focusing expression levels of TE&F-
and its receptors in PBMCs of young and old wonWhile intracellular TGH3 was not
different between these two groups, lowered TBBFand TGFBRII expressions have been
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detected in older participants. These results arypin accordance with a recent study in
young (20-30 years), old (75-85 years) and very(sfiB years) subjects, where leukocyte
TGF$RII mRNA were lowest in the 75-85 year old grougamparison to both, the young
and the centenarians. In contrast to our studyddéxrease in TGBRII expression is
accompanied by an increase in miRNA-21 le¥&lsHowever, neither intracellular nor
circulating TGFB nor physical performance has been assessed isttioig. The importance
of signalling via TGHRII has been shown in an animal model where thadtion of a
TGF-BRII gene disruption results in a lethal inflammatdiseast®. On the one hand TGF-
BRIl is important in T-cell mediated immunity white the other hand macrophages lacking
TGF$RIl have defects in expression of a set of genas frm the hallmark of the M2
polarizing program in macrophages which is impdrtaninduce the anti-inflammatory
effects of M2 macrophages such as phagocytosis poptatic cells, resolution of
inflammation and tissue repdit 111 112 113 Recent studies support the hypothesis that
exercise training can reduce low grade inflammaiasider subjects and provide long-term
benefits with regard to cardiovascular, cognitipgychosocial and other aspects in older
subject€® 14 In accordance to our study, hs-CRP has been stwmima consistently higher

in older subjects® 116

4.2 Associations between TGB-and physical fitness in older women

Another interesting point is the association of Fsignalling to physical fithess of older
participants at baseline. Interestingly, hs-CRRetated positively with BMI and body fat
but negatively with relative peak torque measurdmenhis fact confirms at least partly
with several studies which revealed associatiomswden a higher inflammatory state with
lower physical performané¥: 18 Moreover, hs-CRP correlated positively with BMida
body fat but negatively with relative peak torqueasurements. Besides originating in the
liver, the acute phase protein hs-CRP is producéd@leased from adipose tissue thereby
linking obesity to a chronic inflammatory stéfe 1?? Although, we detected a negative
correlation between hs-CRP and isokinetic kneensxt@ strength, which is in line with
diverse studies linking chronic inflammation to lophysical performance in older
participant$?! 122123, 124thjs finding was not consistent for other perfanoe parameters
such as aerobic fitness. The reason for this resuild be a complex interaction between
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several factors which has been suggested by Mtagi3domas et al. who applied principal
component analysis in order to understand why nmifeageing does not simply reflect
increases in pro-inflammatory mark&ss Interestingly, in our study the general fitness
status of older women was not related to TGH-GFfRI or TGF$RII expression in
PBMCs. Furthermore, higher hs-CRP and miRNA-21 Ikewe older women were even
associated with a higher handgrip strength. We tvdnalve expected higher levels of the
inflammatory miRNA-21 in subjects with low physigarformance as suggested by Bye et
al. who showed that miRNA-21 was increased in rpatéicipants with low aerobic capacity
as assessed by VO2ni¥k However, these studies are sparely comparabieiRBIA-21
was detected in serum, participants were youngar amel there might be a difference
between performance indicators for strength andiemite. Moreover, it would have been
interesting to measure general physical activitele as both current physical activity

practice and performance are associated with imflatary biomarkerg®.

In summary, it has been shown that TBIs-involved in a variety of physiological as well
as pathological processes exerting positive bsbme cases also negative effects on health.
We have demonstrated that in older women P&ignalling in PBMCs might be impaired
as reflected by a lower gene expression of itsptece | and Il independent of physical
fitness.

Before summarising and discussing the resultsxahsinths of progressive elastic resistance
training on TGH3 pathway related parameters, the findings of thwany Vienna Active
Ageing Study are in focus to get an idea of thespta) effect of the intervention before pay

attention to the physiological, or more precisély tmmunological.

4.3 Effect of intervention on physical parameters

The second question in this thesis was the effédio months of progressive elastic
resistance training on parameters of physical fancuch as number of repetitions in the
chair stand test as well as the performance imathelifting test even at old age. However,
this type of progressive resistance training wasabte to enhance isokinetic muscle torque
of knee extensors and flexors, defined as primatgame. This is not in accordance to many

other resistance exercise studies also focusingroklbjects using high-intensity
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programmes with free weights or weight machineséweral weeks. There is evidence that
training loads need to be high and of adequate dlomgtion if strength and muscle mass are
to increas&® 127 128 |ntensities of 60-85% of the individual maximumiuntary strength
have been approved to increase muscle strengticbyasing muscle mass and even higher
intensities are required to enhance the rate @kefdevelopment in older subjeéfs The
study participants were instructed to choose thistance (and colour) of the elastic band in
a way that they should be able to complete two sktxercises with a maximum of 15
repetitions per set and with a resting period ofd360 seconds. Several equations have been
developed to predict the one repetition maximumngith based on submaximal tests. Even
if the correctness of the equations is linked tecejr exercises or population groups, 15
repetitions as used in the current study correspgondpproximately 65% of the one
repetition maximurt?®. Therefore, we determined a moderate intensityoun study.
Although the participants were carefully supervisad encouraged, it cannot be excluded
that some participants worked at a lower intenaibych potentially explains the lack in
strength gains. It might be of advantage in furttadies to monitor elastic band exercises
using stretch-sensors which have been shown touredstal and single repetition time-
under-tension reliably®. While higher training intensities seem to be meféective
compared to low or moderate intensities for impngunaximal strength, low and moderate
intensity programmes are frequently used especialtyolder people with functional
limitations and with the presence of several coritlitibs such as cardiovascular disedes
133,134 This is also the case for the current study patpart which consisted of people who
cannot be considered as thoroughly healthy as wle@dad subjects with hypertension,
hyperlipidemia, diabetes, osteoporosis, non-acuéediac diseases and functional
impairments (use of walking aids, dynapenia andogania)®. Interestingly, we examined
that functional performance as assessed by chaidsand arm lifting tests could be
enhanced without improvements in muscle mass engtih. This result is accordance to
Raymond et al. (2013) demonstrating that high sitgmesistance training results in higher
strength improvements than low-intensity exercibdenhigh intensities are not necessarily

required to improve physical functiti

Specificity of the tests is an important issue wiesaluating the effects of an exercise
programme. In the current study, we used isokirsBtimamometry as the primary outcome
as this method is the gold standard for testingoulas strength®®. In accordance to other

studies®” 138 we observed significant correlations of peak tesjat both velocities with
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handgrip strength, gait speed, 6-minutes walkisg gnd arm-lifting test. The correlations
to chair stand test were somewhat lower. In thidysttwo different angular velocities (60°/s,
120°/s) were used which can be considered as lomotterate also reflecting the performed
training velocity of the elastic band resistancaining. We desist from using higher
velocities for assessment as institutionalisedraddéjects might have been unable to reach
the target velocity as shown previod$ty Training with elastic bands includes concentric
as well as eccentric components whereby the lattem to be especially suitable for older
subjects because due to ‘high-force—low-cost’ manok eccentric exerciséd: 140
Unfortunately, eccentric muscle strength was neéssed in the current study. It has to be
mentioned that the study population consisted afhmmore women (88%) than men (12%).
While the proportion of males for community-dweflimen in Vienna is 34% at an age of
85 year$*, the proportion of males in the retirement honse$9% in the age group of 80
to 89 years oftf2 making our study population representative in seofngender distribution
of institutionalised older people in Austria. Hoveeywith this small number of men it was
not possible to conduct separate analyses for mémwamen. It is known that ageing affects
muscle protein metabolism differently in men andwen as the basal rate of muscle protein
synthesis is approximately 30% higher in women ttiaat in men, this fact potentially
explains the slower loss of muscle mass in ageiogén. On the other hand, exercise
training doubles the basal muscle protein synthasisen, whereas it is increased only by
~40% in female'$® Interestingly, trainability assessed by strergzims seem to be similar
in older men and wométf 1*making it unlikely (but not impossible) that large different

improvements could have been observed in males.

One limitation frequently occurring in training @mvention studies is the lack of a social
activity for the control group with an equal lengthd frequency to the exercising group.
Therefore, we decided to control for social intéiats by implementing a cognitive training
for the control group. Interestingly, for many pitgd performance parameters including
isokinetic measurements, gait speed, and aeropacis as assessed by 6-minutes walking
test, improvements over time were detected regesdid groups indicating that also
participants receiving only cognitive training inoped in these parameters. In order to prove
whether participants were changing their physicéiviay behavior, we assessed steps per
day at the beginning and at the end of the studydasure an overall physical activity. Our
data revealed that steps per day were generallyrtame precisely only 10% fulfilled 7000
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steps per day recommended by Tudor-Locke et allQR@nd decreased rather than
increased in all group®. Therefore, it is unlikely that an increase in gibgl activity could
have accounted for the observed improvements ifopeance independent of allocated
group. Future in-depth analyses will be conductedsisess whether time spent in different
intensity zones or sedentary changed during thaygperiod. Recent studies have shown
that aerobic and/or strength training are ablemprove cognitive function in patients with
dementia and healthy older pedfile’*® Additionally, it is known that difficulties with
performance of functional activities may resultnfrgphysical impairments but also from a
cognitive declin&®. The question still remains is whether cognitisgrning interventions
exert positive effects on physical performance.allgucognitive interventions have been
developed to enhance memory and speed of processitig the goal of maximizing
function and reducing the risk of cognitive declineolder peopl&®. However, a recent
study has indicated that cognitive training mighprove balance and even gait in older
subjects known to have a history of falls Moreover, longitudinal data from a large
intervention trial have revealed that cognitiveirtiag ameliorates everyday functional
outcomes in older adults demonstrating some trareffects®2 Therefore, we cannot
comprehensively exclude the cognitive training @ffalthough thought of as a control
intervention, contributed to the ameliorations aitgpeed and 6-minutes walking test.

In conclusion, focusing the functional outcomes, mionths of a moderate/low intensity
resistance exercise using elastic bands and thebody weight has been shown to be

beneficial in improving functional performance ostitutionalized older subjects.

4.4  Effect of intervention on TGF4{, its receptors and miRNA-21

Last but not least, the main question of the curdectoral thesis was to investigate the
effects of this long-lasting progressive resistammaming alone and in combination with a
nutritional supplement on systemic inflammation ahn@F{ signalling in PBMCs of
institutionalised older people. Circulating T@Fand hs-CRP levels as well as intracellular
TGF{ gene expression were not influenced by elastid basistance training. Interestingly,
TGFRI, but not TGFBRII, gene expression was reduced in the RT grotgr & months

and returned to baseline levels thereafter.

82



Although we examined in the first paper, that noh¢he inflammatory parameters were
related to physical performance state, the chrproeinflammatory state caused by ageing
and physical inactivity can be reduced through lagendurance trainifg'®® °* Adipose
tissue seems to have a substantial role in thiptaibecause it is a major source of several
hormones and cytokin&S. More precisely, visceral fat depots and the maizages within
these depots release pro-inflammatory cytokines sisclL-6, TNFe. and TGFB®6. The
increase in energy expenditure caused by enhangsicpl activity reduces body fat,
thereby influencing the capacity to produce aneéasé pro-inflammatory mediatéts
Recommended strategies to lose weight and bodyn&hide aerobic exercise training
combined with caloric reduction. Although it is kmo that resistance training does not
promote clinically significant weight loss, it inffnces body composition by enhancing
muscle mass and decreasing bod¥{Pfat®® Moreover, it has been hypothesised that muscle-
strengthening exercises also exert anti-inflamnyat¢diects. Based on intervention studies
investigating the effects of strength training nfleammatory markers such as hs-CRP, TNF-
o and IL-6, the data are ambiguous because somiestoave revealed a positive efféct

159 whereas others did not observe any inflammatdaptions®?: 161 162

While the TGFB superfamily has been studied extensively in tleptation of muscles and
tendons to exercise, investigations with respethéocontext of exercise immunology are
rare'®3, Conflicting data have also been reported witlpeesto TGFB and acute exercise,
whereby intensity and type of exercise seem to @haynportant role for data interpretation.
While a graded cycling exercise to exhaustion @iuald8 min duration and 1 h of treadmill
running at about 70-80% of VO2max are able to iaseethe concentration of circulating
TGF, 1 h of cycling exercise at ~70% of VO2max doedead to alterations in circulating
TGF-p164 165 166 nterestingly, Rosa et al. (2014) have shown salivary TGFB is
increased as late as 24 h after a moderate ex&@idé’. Interestingly, 6 weeks of training
in healthy students resulted in a biphasic respohdeGF$ with increased levels after 2
weeks of training and lower levels at the end efttaining periotf® which is in contrast to
another study in diabetic patients showing thate®kg of strength and aerobic training
results in increased TGF-levels which are accompanied by lower hs-CRP &\el
Furthermore, 6 months of exercise (2.5 h per week}® able to increase TGFproduction

of unstimulated as well as phytohaemaglutinin-stated PBMCs of persons at risk of
developing ischemic heart disef8eWhile a combined strength and endurance exercise
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programme increases circulating T@Fstrength training alone does not alter its levels
which support our resuff$1’® Furthermore, we hypothesise that enduranceirigainith

or without a dietary weight loss strategy would rhere effective to target the chronic
inflammatory state. This hypothesis is supportedth®y fact that parameters measuring
aerobic fitness and muscular endurance, but nadrgnstrength, correlated with TGF-

alterations.

While circulating levels of TGEB- were unaffected, we showed for the first time that
resistance training lowers the gene expression @F{fJRI in PBMCs of older adults,
potentially leading to decreased signalling throtightype | receptor. This decrease of TGF-
BRI occurred concomitant with an increase in neutilappunts. Neutrophil granulocytes are
the largest fraction of leukocytes and the firselof defense against pathogens and it has
been shown that their numbers and function mighaltezed during the ageing procEss
Furthermore, both the number of leukocytes andpdreentage of neutrophils have been
shown to increase with progression to multi-motyich a sample size of more than 26,000
individuals’%  Although neutrophils express receptors for TGFits importance in
regulating neutrophil function is still less resdard, except for a proposed effect on
functional polarisation of tumour-associated nepitits towards a pro-tumourigenic
phenotypé&’ 174 However, PBMCs, which were the source of TEH-in our study, only
include lymphocytes and monocytes, and not erythescor neutrophils, therefore the
decrease in TGBRI expression must arise from one of these celtdypurther studies will
need to investigate the exact contribution of tiverde subpopulations in the adaptation to

resistance exercise training.

Interestingly, protein supplementation was showletneffective in this setting as we could
not detect any differences between RT group andddéionally supplemented RTS group.
However, we have assessed nutritional status by Mhbhdetected slightly lower scores in
the cognitive group as compared to the other twerwention groups, whereby these scores
did not change over time. In total, about 80% @& plarticipants had a normal nutritional
status. We already reported that the nutrition@ptmentation resulted in an increased
uptake of vitamin D and folic acid but not in priotéeing between 0.8 and 1.0 g/kg/day in
the RTS group/®. Moreover, plasma levels of vitamin B12 and falicid in erythrocytes
were enhanced in RTS grdup Therefore, we can confirm that the supplement was
regularly consumed by the participants allocaté® & group. However, there is an ongoing
discussion about the optimal intake of proteinpeemlly in an older population as current
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recommendations for high aged population range fod8ng/kg/day to 1.5 g/kg/d&y: 178

For efficiently enhancing muscle protein synthesigth protein quality and timing are
important. In this study, we have used a protepptament (20.7 g per serving) containing
whey protein enriched in leucine. Whey protein siates postprandial muscle protein
accretion more effectively than casein and casgiindtysate because of faster digestion and
absorption kinetics and higher leucine cont€ntncreasing the proportion of leucine in a
mixture of essential amino acids can reverse anadited response of muscle protein
synthesis in older subjeé¢t With respect to timing, the ingestion of dietargtein directly
after resistance training increases post-exerceip synthesis rates in young as well as in
old adults®l 182 Additionally, there is some evidence that provigienough protein to
maximally stimulate muscle protein synthesis atheaeal (breakfast, lunch, and dinner)
induced the highest muscle protein synthesis inpasison to a skewed pattern with lower
protein intakes for breakfast and luf&hTherefore, we suggest that the chosen pattern in
the current study with supplementation at breakdast directly after the exercise training
should be sufficient in order to enhance musclégmasynthesis rate. However, the amount
of protein could have been slightly too small as@ent dose—response study in older people
has shown that as little as 10 g of whey proteigbie to prevent the significant decline in
intramuscular branched chain amino acid levels,only larger doses of whey (30 and 40
g) increase leucine level in skeletal muscle pesistance exercise trainfify However,
even if a higher muscle protein synthesis can beesed with post-exercise protein
supplementation, it does not necessarily resuijroved muscle strengff. Similar to
resistance training alone, some studies have redehat increased protein intake leads to
similar beneficial effects on muscle m&€s'®’ Recently a systematic review demonstrated,
that combining protein supplementation with resis&atraining is effective for eliciting
gains in fat-free mass among older subjects, lindt lead to further increase in muscle
mass or strength, which was similar to our re&titsHowever, there is an ongoing
discussion whether antioxidant supplementation reagn blunt an exercise-induced
training effect®® Evidence indicates that reactive oxygen speciesiutate TG
signalling. More detailed, TGB-increases the production of reactive oxygen spemnel
suppresses antioxidant enzyni&s Therefore, it cannot be excluded that rigorous
scavenging of free radicals impaired the TfBpathway response in the RTS group.
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4.5 Drop-out analyses

Apart of the main outcomes, one of the most imparéad interesting findings of our study
is, that those participants who quit the study evefore the final measurements were in a
worse physical condition at baseline, as measwethbir stand test, 6-minutes walking test
and gait speed compared to those finishing theystdrthermore TGP, TGF$RI and
potentially TGFBRII expression were higher, while miRNA-21 expresswas lower in
drop-outs compared to finishers. We did not obseamwe side effects associated with the
resistance exercise training or the nutritionalpdementation. Furthermore, we confirmed
that age, sex, body composition and the presenceewéral co-morbidities might not
contribute to this effect, but the proportion obgmcts with hyperlipidaemia was higher
among finishers. A possible explanation for thist feould be the ‘obesity paradox’ that
implies moderate obesity at a higher age redu@estirtality risk® 191 According to other
studies, investigations focusing older participdrage to calculate with drop-out rates up to
37%°2, however in our study it was less than 30%. Zeeh. €2012) have shown, that drop-
out rate could be related to allocation to an irgation group’®, which was not the case in
our study. Dropout reasons mostly have been meisaés not related to the intervention.
This might be different to many other studies ideol participants, pre-selecting a rather
healthy and fit population but clinically relevea a certain level of physical fithess seems

to be needed before starting a group training rogne.

Resistance training is beneficial, even in veryslbjects, and potentially influences TGF-
B signalling through altered receptor expressiomtifeumore, adherence to the intervention
was significantly related to alterations in the TF@GRpathway at baseline, but further
information is needed to clearly understand thee rof TGFg in the context of

inflammageing and resistance training.
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5 Conclusion

Chronic low-grade inflammation is an undesirabléeseffect of ageing. Transforming
growth factorp (TGF{f}) seems to play a role in the inflammageing pro@ss multi-
functional regulatory protein. It has been showat thGF$ is involved in a variety of
physiological as well as pathological processestexgpositive but in some cases also
negative effects on health. Furthermore microRN&‘s involved of regulating ageing.
According to current literature, physical perforroars able to diminish this inflammageing

process.

Therefore, this doctoral thesis is based on 3 pattins within the Vienna Active Ageing
Study to examine the association of physical peréoce on TGH- signalling. We have
shown that in older women TGFsignalling in PBMCs might be impaired as reflecbsd

a lower gene expression of its type | and typeetleptors, though this decreases were

independent of physical fitness.

Further, six months of a moderate intensity reststaexercise using elastic bands and the
own body weight has been shown to be beneficiahproving functional performance of
institutionalised older subjects with a mean agese&lto or even above the average life
expectancy. Additional supplementation did not o#idditional benefits to the effects of

strength training alone, in improving muscular parfance.

Interestingly, resistance training potentially udghces TGH signalling through altered
receptor expression. Furthermore, adherence tmtdevention was significantly related to
alterations in physical performance and the T&3¢athway at baseline.

However, further information is needed to clearlyderstand the role of TGF-in the

context of inflammageing and resistance training.
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The VAAS training program

Warm up: Before every session a warm up period of 10 minweessperformed. It consisted

of balance as well as low-intensity endurance egescsuch as walking.

Strength training (30-40min): The execution of the exercises (using elastic ®amdhe
own body weight) was supervised and the exercideraemained the same in every session.
The participants were instructed to perform allreises in a slow and controlled manner
without sudden jerk acceleration. The exerciseslshbe executed with the full range of

motion (without pain). Participants were encouratgebreathe evenly while performing thg

1%

exercises, whereby exhalation should occur durimg more strenuous phase of the
repetition.

Cool down: After the strength training session a cool dowrtireuwas applied for about

10 minutes consisting of relaxation exercises.

Progression: The program started with an initial adaptation ghat4 weeks using the
Thera-Ban@ (The Hygenic Corporation, Akron, OH) with the Icsteesistance (yellow).
Participants were instructed to choose the stret¢he elastic band so that a maximum of
15 repetitions could be performed once (weeks F#m the 8 week onwards, progressior
was ensured by first increasing the number oftsdiso. Then the elastic band was changed
from a yellow to a red and finally to a black orsed Supplementary Table 1 for the
resistance of the respective Thera-Baim dependency of stretch - 100% stretch means
doubling the length of the Thera-B&id

Supplementary Table 1: Elastic resistance pulldattart
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Resistance in Kilograms

% stretch s;:zlt((j:h Yellow Red Black
25% 1.25 0.6 0.9 21
50% 1.50 0.8 1.1 2.8
75% 1.75 1.0 1.4 3.5
100% 2.00 1.3 1.7 4.1
125% 2.25 1.5 1.9 4.8
150% 2.50 1.7 2.2 55
175% 2.75 2.0 2.4 6.1
200% 3.00 2.2 2.7 6.8

Data calculated from linear regression formulasosetiog to Page et al., 2000. J Ortho
Sports Phys Ther. 30(1),A47-48.

Materials: Thera-Band® in different colors, stable chair vatkitting height of 45 cm.
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Lower extremities

M. gluteus
maximus, medius

minimus,

M. quadriceps
femoris,

hamstrings

Exercise 1: Squat

Starting position: sitting on a chair

o Raise from the chair (with or without help of theng)
o Sitdown

Possibilities to increase intensity

0 Squat, but without sitting down on the chair
0 Increasing range of motion by performing deep sxjuathout
the chair

Exercise 2: Leq extension

Starting position: sitting on a chair, elastic baisdattached to one leg

of the chair and the ankle of the involved leg

o Unilateral knee extension
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0 Return to starting position

Possibilities to increase intensity

o Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc
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Lower extremities

Exercise 3: Hip extension

M. gluteus Starting position: one leg stand, holding on a chailoop is created

maximus, medius, \yith the elastic band enclosing the chair and argpdt the ankle level

minimus,

0 Move extended leg backwards (with a leg curl ateihé of the
range of motion to additionally imply the hamstiihg

femoris, o Return to starting position

hamstrings

M. quadriceps

Possibilities to increase intensity

o0 Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc

Exercise 4: Calf lift

Starting position: standing upright, holding on laair
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0 Moving the heels up and down — heels should natthtale
ground during the execution of the exercise

Possibility to increase intensity

o perform exercise in the one leg stand
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Exercise 5: Standing row

M. rhomboideus, | Starting position: standing in an upright posititating wall bars (or

M. trapezius M. another safe fixing point); the elastic band ietha bit higher than

transversus hip level and the ends of the band are wrappedadhe each hand

o Pulling the arms back and bending the elbows
0 Squeezing shoulder blades together
0 Return to starting position

Possibilities to increase intensity

o Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc
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M. rectus

abdominis

Exercise 6:

Abdomen

Starting position: sitting on a chair, legs aredifl from the ground,
hands are used to assure a safe position

o Hip extension and flexion, stabilisation of the atwinal
muscles

Possibility to increase intensity

o The higher the legs are during the exercise theenmense;
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Exercise 7: Chest press

M. pectoralis Starting position: sitting on a chair; elastic bamdfixed around the
major

upper body, each hand is grapping one end of timel ba

o Pushing the arms forward while bending and straighg the
arms
o Elbows should remain at shoulder level

Possibilities to increase intensity

o0 Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc
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Shoulder

Exercise 8: Front raise

M. deltoideus Starting position: sitting on a chair, the elastiand is fixed under

both feet, one end is kept in each hand

0 Moving the arms straightened arms up and down

Possibilities to increase intensity

o Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc
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M. biceps brachii,

M. triceps brachii

Exercise 9: Elbow flexion (biceps)

Starting position: sitting on a chair, the elashiand is fixed under one
foot, both ends are kept one hand;

o Performing a biceps curl while resting the elbowtloe knee
o0 Return to starting position

Possibilities to increase intensity

o Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc

Exercise 10: Elbow extension (triceps)
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Starting position: standing in an upright posititating wall bars (or
another fixing point), the elastic band is fixefiahigher than hip

level and the ends of the band are wrapped arobadach hand

o Extension and flexion of the elbow
o Hint: the extended arms move further to the reaite an
extra tension on the latissimus

Possibilities to increase intensity

o Higher initial stretch of the elastic band
o Higher resistance of elastic band by changing therc
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