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Abstract

Introduction: The development of chronic, low-grade systemic inflammation in the elderly
(inflammaging) has been shown to increase the risk for chronic diseases and geriatric syndromes
while it has been also associated with accelerated skeletal muscle wasting, strength loss and
functional impairments.

Aim: The aim of the present thesis was i) to examine whether anabolic signaling, activation of
amino acid transporters, ribosome biogenesis and proteasome activity in the aged skeletal muscle
are affected by low-grade systemic inflammation in the fasted state and following exercise and
protein feeding, and ii) to investigate differences in habitual physical activity, dietary intake,
physical performance and blood indices of oxidative stress and antioxidant status among elderly men
with low and elevated low-grade systemic inflammation.

Methods: Forty-four male adults aged 63-75 years who complied with the inclusion criteria were
included in the study. Initially they were screened for systemic levels of hs-CRP and then had their
anthropometric profile, body composition, sarcopenia status and functional performance assessed.
Habitual physical activity and daily dietary intake were assessed over a 7-day period using
accelerometry and diet recalls, respectively. Of these 44 individuals, 12 with high systemic
inflammation (HSI: hs-CRP: > 1.0 mg/L) and 12 with low (LSI: hs-CRP: < 1.0 mg/L) were included
in the clinical trial. On the experimental day, participants performed 8 sets of 10 repetitions at 70%
of 1RM on a knee-extension machine and immediately after they ingested a whey protein bolus.
Muscle biopsy samples were collected before exercise (fasted state) and at 3h following protein
ingestion. Blood samples were collected before exercise and every 30 minutes during the 3-hour
postprandial period.

Results: In the fasted state, HSI exhibited higher chymotrypsin-like activity, protein carbonyl
concentration and phosphorylated IKKa/B, by 40%, 47% and 37%, respectively, as compared to LSI
(P < 0.05). No differences were detected among groups in terms of trypsin-like activity, protein
expression of the proteasome B-subunits, nuclei levels of Nrf2 and 3-nitrotyrosine levels. In addition,
a significant correlation (P < 0.05) was observed between hs-CRP levels and chymotrypsin like
activity. At 3h following protein ingestion, chymotrypsin-like activity increased in HSI and LSI by
44% (P < 0.05) and 86% (P < 0.05), respectively (without group differences), while trypsin-like
activity increased only LSI by 38% (P < 0.05). Protein carbonyls decreased in HSI by 31% (P <
0.05) while Nrf2 increased only LSI by 28% (P < 0.05). Protein expression of £ and fi proteasome
subunits as well as 3-nitrotyrosine levels and phosphorylation of IKKa/p remained unaltered in the

postprandial period in both groups. Moreover, rpS6 phosphorylation increased only in LSI at 3h
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after protein ingestion (by 1.5 fold, P < 0.05) and the rise was significantly higher compared to that
in HSI (P < 0.05). Protein expression of amino acid transporters and ribosome biogenesis indices
demonstrated no changes in either group. In addition, at baseline LSI was more physically active
than HSI performing more steps by 30% (P < 0.05) and spending more time in MVPA by 42% (P <
0.05). Also, LSI demonstrated higher antioxidant vitamin intake (P < 0.05) that was accompanied
by increased plasma antioxidant capacity (by 60%, P < 0.05), as compared to HSI.

Conclusions: The results of the present thesis indicate that inflammaging is characterized by a
pro-oxidative environment and increased proteasome activity in the fasted state, and by reduced
translation efficiency following protein feeding. Moreover, higher physical activity level and
increased antioxidant consumption on a daily basis are discriminant factors of inflammaging and
healthy aging and therefore, may considered as crucial, lifestyle-based factors that may prevent the

development of low-grade systemic inflammation.
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Hepiinqyn

Ecaywyn: H ovantoén ypdviog GuoTnIKnG eAEYUOVIG o€ dtopa Tpitng nAtkiog (inflammaging),
&xel 0eyBel 6T EAVEL TO KIVOUVO ELOAVIONS XPOVIOV OGOEVEIDV KOl YNPLATPIKMY GLVOPOUWOV, EVED
EXEL GLOYETIOTEL Ko e TaOTEPT ATOAELD LVTKNG HALag, OVVOUNG Kot AEITOVPYIKNG KAVOTNTOG.

2KomoG: LKOTOC TNG TOpoVGag SOOKTOPIKNG OaTpifrg NTav o) va eetdoet €dv 1 S1€yEPON TOL
avafOAKOD  GNUOTOSOTIKOD HOVOTOTION, 1) EVEPYOTMOINOT TOV HETAPOPE®V OUVOEE®V, 1
pocouky Proyéveon kar 1 evepydTNTO TOV TPOTEACMUOATOS GTO GKEAETIKO LV NMAMKIOUEVOV
aTop®V emnpealoviat omd TN xPOVIe GUCTNIKT PAEYUOVY| GE KOTAGTOOT VIOTELNG KOOMS Kot LETA
amd GLVOVACUO AoKNONG Kol KATAVAAMONG TPOTEIVNG, Kot B) va d1epeLuViGEL TIC TOAVES dLoPOPES
oT0 EMIMESA PLGIKNG SPACTNPLOTNTAG, GTN JUTPOPIKT TPOCANYT, GT PLOIKN ATAd00T KAOMG Kot
o€ 0eikTeg 0LEMTIKOV OTPEG Kol aVTIOEEWMTIKNG KavOTNTAS, UETAE) NMKIOUEVOV avOpDdV L
YOUNAT KoL VYNAN ¥pOVIO GUGTNLUKT] GAEYLLOVY.

MeBodoroyia: 44 Gvdpeg eBehovtég nhkiog 63-75 etdv ot omoiot mAnpodoav ta KpLTHplo
CUUUETOYNG, oLUTEPAMNEONKOY ot perétn. Apykd, vmoPAndnkav o€ owpoinyio yio tov
mpocdlopiopd tov emmédwv hs-CRP oty kvklogopia kot otn cvvéyelo vroPAndnkav oe
a&10AGYNOT TOL GOUATIKOL VYOLS Kol BAPOVG, TNG GVGTACTG COOTOC, TOV EMTEOOV GAPKOTEVING
Kot TG QLOIKNG anddoonc. EmmAéov agoloynnkov n QLK dpacTnplOTNTA Kot 1) SOTPOPIKY|
TPOGANY Y10 7 GUVEXOUEVEG NUEPES LLE YPNOT) EMLTOYVVGIOUETPOV KOL SIATPOPIKMY NUEPOAOYIWV,
avtiototya. Amd Toug 44 cvppetéyovies, 12 pe vynAn ypovia cuotnukn eAeypovy (vynin XXo:
hs-CRP: > 1.0 mg/L) xat 12 pe yopmAn (xopnin XED: hs-CRP: < 1.0 mg/L) éhaBov pépog otnv
KAvikn| dokipacio. Tnv nuépa g KAvikng doKipaciog, ot GLUUETEYOVTEG ekTéAEGOV 8 oeT TV 10
enavoAnyenv oto 70% g IME o10 unydvnua eKTdcelg yovatmy Kot apécms LETA KOTAVAADVOY
CUUTANPO U TPOTEIVNG 0poV YaAaKTOC, o€ pia 00oM. Agtypata podg (Loikeg froyieg) cuiiéyOnkay
npwv Vv doknon (o€ Kotdotaom vynoteiog) Kabmg kot 6Tig 3 dpeg LETA TN AYT| TOL GUUTANPMOLUOTOG
npwteivng. AloAnyieg mpaypatonomdnkoy wpv v doknon kot kabe 30 Aemtd yio 3 dpeg petd
TNV KOTAVIAMGT] TOL GUUTANPOUATOG TPMTEIVIC.

Amoteléopara: Xy Koatdotaon vnoteiog , N opddo vyning XED® mapovcioce vynAdtepn
evepyotnTa yopopvyiving, Heyahdtepn GLYKEVIPOON TPOTEIVIKOV KapPovuAiov Kot peyoldtepn
ToGOTNTA POSPopLAUEVNS Kivaons IKKa/B, katd 40%, 47% kot 37%, avtictolyo, 6 GUYKPION
ue v opdda younAng XE® (P < 0.05). Aev mapatnpnidnkov dtopopég peta&d tov dVo opadmv 66ov
aeopd TV evepyodTNTA TPLYIVIG, TNV EKEPOCT] TWV S VTOUOVAO®V TOL TPOTEACHUNTOS KOl TOV
AVOCOTPOTENCHOUATOS, To, entineda Tov Nrf2 otov mupfve kabmg kot T eninedo 3-vitpoTLPOGIviG.

Emiong, onuavtiky cvoyétion eviomiotke petold tov emmédwv hs-CRP kot g evepydtmrag
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youoBpovyivng (P < 0.05) oe katdotaon vnotelag. X1 3 ®peg UETA TNV KATAVAA®OTN TOV
CUUTANPOUOTOC TPOTEIVNG, 1| EVEPYOTNTA YVUOBpLYIVNG &N ONKE GNUOVTIKA KOl GTIG VO OUAOES
(oynin XZD: +44%, younin XZD: +86%, P < 0.05), yopic vo dapépovv peta&d toug, eved 1
evepydtTa TG TpLYivng avéndnke uoévo oty opdda youning XZ® katd 38% (P < 0.05). H
GLYKEVTPOOT] TPOTEIVIKOV KopPovorimv peiddnke katd 31% otnv opdda vyning XT® (P < 0.05),
eved ta emineda tov Nrf2 avéndnkav onpavtikd povo v opdda yopming XX (+28%, P < 0.05).
H éxppoon tov S vIOMOVAS®V TOV TPOTENCOUATOS Kol TOV ovtiotoywv pi  tov
OVOGOTPOTEACOUOATOS KOOMDG Kol TO EMIMEdD 3-VITPOTVPOGIVIG Kol POGPOPLAIOUEVNG KIVAONG
IKKo/B mapépevay apetdfAnta petd v Kataviimon g npmteivic. EmmAéov, n powcspopvuiioon
mg pocoukng mpoteivng rpS6 avéndnke onuavtikd otig 3 dpeg petd ™ AMyn Tov
CUUTANPOUATOG TPMTEIVNG HOVO 6TV opdda youning XZ® (+ 1.5 eopd, P < 0.05) kot ta enimedd
™G OEPEPOV ONUOVTIKA omd ekelva g opddag vyming XEZ® (P < 0.05). H ékgpaon tov
petaPopév apvoEémv oAAd kol 1 gvepyomoinom deiktdv pocopikng Proyéveong dev
TOPOVGIOGAY CNUAVTIKEG LETOPOAEG G Kapio am’ Tig 6Vo OpAdes. Ot dVo OpAdES WGTOGO, SEPEPOV
ONUOVTIKA HETAED TOVG OGOV APOPA TO ETITEDD PLGIKNG dPACTNPLOTNTOC, UE TV OUAS YOUNANG
XZ® va ektelel mepiocdtepa Prpota (+ 30%, P < 0.05) kot va domavd meptocdtepo ypdvo Ge
LETPLO-TPOS-LYNANG évtaomg dpactnplotntes (+42%, P < 0.05) oe chykpion pe v opdda vynAng
XZ®. Emiong, n opdda younAng XE® mopovoiace vynAdTePN TPOGANYT AVTIOEEWMTIKOV
Brrapuvav og oyéon pe v opdda vyming XE® (P < 0.05)n onoio suvodevdtay Kot omd vyniotepn
avTIoEEBMTIKT IKavOTNTO 6T0 TAGGopa (+ 60%, P < 0.05).

2oumepacuara: To amoteléopata g TapoHGos STPPg VITOJEKVIOVY OTL TOL NAMKIOUEVOL
dropa pe vynAn XZ@ yopokmnpifovior and ovénuéva eminedo 0EEWBOUEVOV TPOTEIVOV Kot
avENUEVN  EVEPYOTOINGN TOV TPMTEOAVTIKOD UNYOVIGLOD TOL TPMOTEACMOUATOS GTO UV, OE
KOTAGTAOT VNOTElNG, KaBMG emiong kot omd LEIWUEVT] LETAPPACTIKT OpacTnPLOTNTA 6TO PLiOSOLL,
oTN HETOYELUATIKY Ttepiodo. EmmAéov, peyaddtepa eninedo QuGIKNG dpacTnpOTNTAS GE NUEPT|CLL
Baon kot peyoddtepn mPOGANYN OVIIOEEWDOTIKOV PITOpvVOV HEG® TNG SITPOPNG Qaivetal OTL
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1.1 General Introduction
1.1.1 Inflammaging

Acute inflammation, is a fundamental and necessary response of the human immune system to
harmful conditions such as infectious diseases and damaging agents, that in early life is beneficial
and protective, ensuring survival [1]. On the other hand, the development of chronic inflammation,
particularly in later life, has been associated with increased susceptibility to infectious diseases and
age-related pathologies such as Alzheimer’s disease, atherosclerosis, diabetes (Type 2) and
osteoporosis [2, 3] and thus can be detrimental. Indeed, aging is associated with low-grade chronic
systemic inflammation, characterized by a 2- to 3-fold elevation in plasma levels of pro-
inflammatory cytokines and acute phase proteins, particularly that of interleukin-6 (IL-6), tumor
necrosis factor-o (TNF-a), and C-reactive protein (CRP) [4, 5]. Since the beginning of 2000, when
it was first introduced by Franceschi and his colleagues, the term “inflammaging” has been
commonly adopted to describe this age-related chronic pro-inflammatory status [4]. In addition to
IL-6, TNF-o and CRP, the pro-inflammatory cytokine interleukin-1 (IL-1) and the soluble receptors
IL-1Ra, TNF receptor and soluble IL-6 receptor are also considered valuable markers of
inflammaging being widely used for its identification [5-7]. According to many epidemiological and
cross-sectional studies, inflammaging is associated with chronic diseases and geriatric syndromes
such as cardiovascular diseases, atherosclerosis, metabolic syndrome, type 2 diabetes mellitus,
neurodegenerative diseases, cancer, and chronic obstructive pulmonary disease [8-11] as well as
with increased rate of frailty, morbidity, and mortality [1, 12, 13]. In addition, as indicated by large
cohort studies increased levels of IL-6, TNF-o and CRP are good predictors of both physical and
cognitive decline and the risk of mortality in the elderly [14, 15]. Therefore, being implicated in the
pathogenesis of most age-related pathologies, inflammaging, represents a key determinant of
successful aging and longevity and consequently a target perspective to counteract age-related

pathologies.

1.1.2 Pathogenesis of inflammaging

Up to date, the underpinning mechanism that drives inflammaging remains unclear. Increasing
amount of evidence suggests that inflammaging is a complex and multifactorial process, with
different tissues, organs, and biological systems (i.e. muscle tissue, adipose tissue, liver, immune
system, gut microbiota) contributing to its pathophysiology [16]. Thus, its origin cannot be simply
attributed to a specific number of factors and mechanisms. However, it is believed that cumulative
lifetime exposure to antigens as well as to chemical, physical, and nutritional stressors that the

immune system has to cope with, in combination with the recent dramatic increase in life expectancy,

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



result in prolonged overstimulation of the immune system with advancing age and the propagation
of inflammaging [1, 4].

This chronic stimulation of the immune system has been recognized to be triggered and sustained
by a continuous interplay between oxidative stress and inflammation [17-20]. In fact, upon activation
in response to pathogens, immune cells, and especially those of the innate immunity (i.e. neutrophils,
macrophages and monocytes), release high amounts of reactive oxygen species (ROS) as part of
their defensive action [20]. Although low levels of ROS are required for proper cell function and
tissue homeostasis, overproduction of ROS in combination with the age-related reduction in
antioxidant capacity, results in oxidative stress and oxidative damage of cell components such as
DNA, proteins and lipids [18, 20]. ROS production though, not only triggers oxidative damage but
also leads to pro-inflammatory cytokine production and promotes an inflammatory response through
activation of the Toll-like-receptors (TLRs) and Nalp-3 inflammosome intracellular pathways [20]
and stimulation of the redox-sensitive transcription factor NF-«xB [19]. The consequent
inflammatory response, characterized by increased cytokine secretion, elicits additional ROS
production from immune cells (e.g., monocytes and macrophages) resulting in a vicious cycle that
promotes a chronic pro-inflammatory phenotype [18] and provokes inflammaging.

1.1.3 Inflammaging, skeletal muscle loss and functional impairment

The concept of inflammaging has gained particular interest in the last few years, since beyond its
strong association with chronic diseases and geriatric syndromes it has been also shown to be related
with reduced skeletal muscle mass as well as with strength and physical performance impairments
[21, 22]. Data form longitudinal studies provide compelling evidence that higher levels of
inflammatory markers such IL-6, TNF-a and CRP are linked with greater risk of losing muscle mass
[23], strength and physical function [24], though a cause-effect relationship remains to be
established. In fact, data derived from 3075 older individuals (aged 70-79 years) in the Health,
Aging, and Body Composition Study [25] indicate that those with elevated concentrations of IL-6
and TNF-a exhibited smaller skeletal muscle area, less appendicular muscle mass, and reduced
strength. In addition, a 5-year follow-up study examining >2000 elderly individuals (aged 70-79
years) revealed that those with higher concentrations of TNF-a and its soluble receptor at baseline
exhibited greater reductions in muscle mass and strength [26]. Likewise, raised IL-6 and CRP
concentrations in the older adults have been related with a 2- to 3-fold greater risk of losing >40%
of their muscle strength [27].

In vivo and in vitro studies indicate that increased systemic inflammation may hamper the

Akt/mTOR signaling pathway in skeletal muscle and attenuate the muscle’s anabolic potential
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leading to "anabolic resistance" [28-31] (Figure 1.1). In addition, elevated concentrations of pro-
inflammatory cytokines such as TNF-a and IL-6 induce activation of the NF-xB pathway and
subsequent activation of the ubiquitin-proteasome system (UPS) resulting in protein degradation and
skeletal muscle loss [32-36] (Figure 1.1). However, the verification of these mechanisms in the aged,

human skeletal muscle under conditions of chronic low-grade systemic inflammation is still missing.

Figure 1.1. Schematic representation of the proposed molecular mechanisms through which chronic
inflammation may lead to loss of skeletal muscle mass. Green arrows indicate activation; Red arrows indicate

Collectively, these data strongly suggest that inflammaging is associated with loss of skeletal
muscle mass and function in the elderly and as such may predispose them to sarcopenia, significant
functional limitations, frailty and hospitalization [22, 37]. The molecular mechanisms though,
mediating the interaction between inflammaging, skeletal muscle loss and functional decline
warrants further investigation. Moreover, the existing literature though, lacks a direct comparison of
healthy elderly individuals characterized by low and elevated systemic inflammation in parameters

related to strength and functional performance of the upper and lower body.

1.1.4 Physical activity and dietary intake as potential regulators of inflammaging

According to World Health Organization (WHO) physical activity (PA) is defined as any bodily
movement produced by skeletal muscles (i.e. any form of recreational activities, walking, cycling,
dancing, sports, activities around home etc.) and results in increased energy expenditure [38].
Regular participation in PA is strongly associated with health-related benefits and protects against
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cardiovascular [39, 40] and metabolic diseases [39, 41], cognitive impairment [42], mental health
disorders [40, 43], obesity [39, 44], frailty [39, 45, 46], sarcopenia [47] and osteoporosis [40, 48].
Moreover, evidence form observational, cross-sectional studies indicates that habitual PA is
associated with lower levels of inflammatory mediators such as IL-6, CRP, and TNF-o and reduced
incidence of chronic low-grade systemic inflammation in older adults [23, 49-60]. Actually, there is
evidence of an inverse relationship between PA and disease-related (i.e. chronic obstructive
pulmonary disease and obesity) systemic inflammation in middle-aged adults [55, 56]. In addition,
studies that objectively assessed daily PA in healthy older individuals have revealed that the time
spent in moderate-to-vigorous PA is negatively associated with markers of systemic inflammation
[23, 59], suggesting that the beneficial effect of PA on inflammatory status may be intensity-
dependent. However, observational studies are not designed to identify the underline mechanisms
though which PA reduces inflammation, and thus, such an information is still missing. Furthermore,
a direct comparison of objectively assessed daily PA, sedentary time and PA-related energy
expenditure among healthy older individuals characterized by different inflammatory profile is still
lacking. This comparison would shed light on the role of PA-related parameters (i.e. sedentary time,
time in light, moderate and vigorous PA, total step count, energy expenditure) in the development
of chronic low-grade systemic inflammation.

Nutrition, including dietary pattern, is also a lifestyle factor that play a critical role in immune
function and have the potential to modulate chronic inflammation [61-63] by inducing either a pro-
inflammatory or an anti-inflammatory effect [64]. For instance, high adherence to the Mediterranean
diet which is mainly characterized by increased consumption of vegetables, fruit, legumes, whole-
nuts and fish has been inversely correlated with markers of systemic inflammation in healthy adults
[65], while diets rich in fatty acids and glucose result in increased postprandial glycaemia and
lipaemia and have been proposed to trigger chronic inflammation [66]. The interaction though
between diet and inflammation is primarily mediated by the macronutrient and micronutrient profile
[64]. There is substantial amount of evidence suggesting that glucose and saturated fatty acids when
consumed in high doses may stimulate a chronic pro-inflammatory response in insulin-sensitive
tissues [64, 67] and propagate chronic systemic inflammation [16]. On the other hand, increased
polyunsaturated (PUFA) and monounsaturated (MUFA) fatty acid consumption has been reported
to induce anti-inflammatory effects and protect against chronic inflammation and chronic
inflammatory diseases [68]. Likewise, protein and amino acids derived from either plant- or dairy-
based protein sources are considered anti-inflammatory nutrients as they have been suggested to
reduce local and systemic inflammation by reducing the production of inflammatory cytokines and

ROS, and also by enhancing the activity of antioxidant enzymes [64, 69]. Further, there is also
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evidence indicating that dietary antioxidants and trace elements such as vitamins A, C, E and
selenium may improve immune function and prevent the onset of chronic inflammatory conditions
[63]. However, there is no evidence regarding the differences in daily dietary intake among elderly

individuals with low and elevated systemic inflammation.

1.2 Thesis Objectives

The primary objective of the present thesis was to investigate whether the development of
chronic, low-grade systemic inflammation in the elderly i) accelerates muscle protein breakdown
through proteasome activation and ii) induces anabolic resistance. Secondly, this thesis aimed at
examining whether elderly individuals with low and elevated systemic inflammation differ among
themselves in terms of i) habitual physical activity level, ii) dietary intake profile, iii) strength and
iv) functional performance as well as in systemic levels of v) oxidative stress and vi) immune system

markers.

1.3 Research Design

A total number of 50 male, older adults aged 63-75 years were initially recruited. Forty-four
individuals that complied with the study criteria, were then screened for systemic levels of hs-CRP
and had their anthropometric profile, body composition (with DXA), sarcopenia status (according
to criteria established by the European Working Group on Sarcopenia in Older People, EWGSOP),
functional capacity (based on the Short Physical Performance Battery, SPPB) and the knee-extension
one repetition maximum (1RM) assessed. Moreover, individuals’ habitual physical activity level
and daily dietary intake were also assessed using accelerometry (ActiGraph GT3X+, over a7-day
period) and diet recalls (over a 7-day period), respectively. Of these 44 individuals, 12 with high
systemic inflammation (hs-CRP: > 1.0 mg/L) and 12 with low (hs-CRP: < 1.0 mg/L) were included
in the clinical trial. In the experimental day (clinical trial), individuals arrived at the laboratory after
an overnight fasted state and a baseline blood sample and a muscle biopsy from vastus lateralis
muscle were collected. Immediately after, individuals performed 8 sets with 10 repetitions at 70%
of 1RM and 2 min rest between each set, on a knee-extension machine. After exercise, they ingested
0.4 g whey protein isolate/kg body weight, as a single bolus, and then they remained in a sitting
position over a 3-hour period. Blood samples were collected every 30min during the 3-hour

postprandial period while a second muscle biopsy was obtained at 3h (Figure 1.2).
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Figure 1.2. Schematic representation of the clinical trial. Twenty-four subjects participated in the clinical trial, including an
acute resistance exercise protocol and whey protein ingestion. Blood samples and muscle biopsies were collected in the fasted
state before exercise as well as in the postprandial period.

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212

11



CHAPTER 2

Published as:
Draganidis D, Karagounis LG, Athanailidis I, Chatzinikolaou A, Jamurtas AZ, Fatouros IG.

Inflammaging and Skeletal Muscle: Can Protein Intake Make a Difference? Journal of Nutrition, 2016
Oct;146(10):1940-1952. Epub 2016 Aug 31.

12

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Inflammaging and Skeletal Muscle: Can Protein Intake Make a Difference?

Draganidis D, Karagounis LG, Athanailidis I, Chatzinikolaou A, Jamurtas AZ, Fatouros I1G.

Abstract
Inflammaging is the chronic low-grade inflammatory state present in the elderly, characterized by

increased systemic concentrations of proinflammatory cytokines. It has been shown that
inflammaging increases the risk of pathologic conditions and age-related diseases, and that it also
has been associated with increased skeletal muscle wasting, strength loss, and functional
impairments. Experimental evidence suggests that the increased concentrations of proinflammatory
cytokines and primary tumor necrosis factor a observed in chronic inflammation lead to protein
degradation through proteasome activation and reduced skeletal muscle protein synthesis (MPS) via
protein kinase B/Akt downregulation. Dairy and soy proteins contain all the essential amino acids,
demonstrate sufficient absorption kinetics, and include other bioactive peptides that may offer
nutritional benefits, in addition to those of stimulating MPS. Whey protein has antioxidative effects,
primarily because of its ability to enhance the availability of reduced glutathione and the activity of
the endogenous antioxidative enzyme system. Soy protein and isoflavone-enriched soy protein,
meanwhile, may counteract chronic inflammation through regulation of the nuclear transcription
factor kB signaling pathway and cytokine production. Although evidence suggests that whey protein,
soy protein, and isoflavone enriched soy proteins may be promising nutritional interventions against
the oxidative stress and chronic inflammation present in pathologic conditions and aging
(inflammaging), there is a lack of information about the anabolic potential of dietary protein intake
and protein supplementation in elderly people with increased systemic inflammation. The
antioxidative and anti-inflammatory effects, as well as the anabolic potential of protein
supplementation, should be further investigated in the future with well-designed clinical trials

focusing on inflammaging and its associated skeletal muscle loss.

Keywords: inflammaging, oxidative stress, skeletal muscle loss, frailty, whey protein, soy protein
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2.1. Introduction

The progressive loss of skeletal muscle mass and function (i.e., muscle strength and endurance
and ability to perform daily physical activities) with advancing age is a well-documented process
[70-72] that may lead to functional limitations, frailty, and hospitalization [37, 73]. Muscle mass is
maintained by a constant equilibrium between the rates of muscle protein synthesis (MPS) and
degradation, in which a net increase or a decrease occurs when the balance is disturbed. Nutritional-
, hormonal-, neuropathic-, and inactivity-related factors all may contribute to deregulation of the
molecular milieu of the aged muscle, resulting in muscle wasting and loss of independence [37]. In
the elderly, the development of low-grade, chronic, systemic inflammation is often observed with
age, characterized by a 2- to 3-fold elevation in circulating inflammatory mediators. This has been
termed ‘‘inflammaging’’ (inflamm-aging) [5]. Proinflammatory cytokines are key components in
this chronic inflammatory state; thus, the assessment of inflammaging primarily is based on the
measurement of systemic concentrations of IL-6, IL-1, and TNF-a, their soluble receptors IL-1Ra,
TNF receptor, and soluble IL-6 receptor, respectively, and that of the acute-phase C-reactive protein
(CRP) [5-7]. Furthermore, inflammaging may be assessed at the skeletal muscle tissue level by the
quantification of infiltrating macrophages, cytokine concentrations, and the examination of
inflammatory pathways [6, 7]. Although the molecular mechanisms involved in the interaction
between inflammaging and muscle loss is far from understood, research carried out in animal models
revealed that augmented low-grade inflammation may favor muscle protein breakdown and inhibit
protein synthesis [29, 74].

Although older adults exhibit anabolic resistance (i.e., a higher protein amount is required to
maximally stimulate MPS than for young individuals) to protein intake, dietary protein is still the
most potent anabolic stimulus in older adults, because it has been shown to efficiently activate the
skeletal muscle anabolic response in the postprandial period, at rest, and after resistance exercise
[75, 76]. A higher (>1.2 g/(kg body weight - d) compared with a lower (<1.0 g/(kg body weight - d)
protein intake appears to preserve muscle quality in the aged with high levels of systemic
inflammation [77], suggesting that adequate protein intake may preserve muscle function under
chronic inflammatory conditions. Dairy proteins that include high amounts of branched-chain amino
acids demonstrate fast (whey protein) and slow (casein) digestion and absorption kinetics and may
efficiently stimulate MPS in healthy aged skeletal muscle [78-80]. Soy protein, on the other hand,
which demonstrates somewhat slower kinetics than whey and faster digestion rates than casein [78],
is also rich in branched-chain amino acids and able to upregulate MPS [78-80]. Whey and soy protein
also possess antioxidant and anti-inflammatory properties [81, 82]. Thus, both animal and plant

protein sources may represent efficient nutritional strategies to counteract inflammaging and its
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detrimental effects on skeletal muscle. This review aims to provide evidence for an anti-
inflammatory and anticatabolic role of protein supplementation in aged skeletal muscle by
presenting molecular and physiologic data that link protein consumption and muscle wasting under

proinflammatory conditions.

2.2. Inflammaging and its association with Frailty

Chung et al. [83] proposed the molecular inflammation theory, according to which the age-related
increase in reactive oxygen and nitrogen species concentrations and redox balance disturbances may
lead to a chronic low-grade inflammatory state by activating redox-sensitive transcriptional factors.
The NF-kB pathway is the most important redox-sensitive signaling pathway through which
oxidative stress may increase the expression of numerous pro-inflammatory molecules, especially
cytokines such as TNF-a, IL-6, IL-1b, and CRP, stimulating inflammation [32, 84]. As the
inflammatory response escalates, additional reactive nitrogen and oxygen species are released from
immune cells (e.g., monocytes and macrophages) resulting in a propagation of cytokine production
[7, 17]. Thus, a vicious cycle is propagated, driving a chronic systemic proinflammatory state that
in the elderly has been termed inflammaging [4] (Figure 2.1).

Is inflammaging, however, associated with skeletal muscle wasting and strength loss? Data
derived from 3075 men and women aged 70-79 y in the Health, Aging, and Body Composition
Study [25] showed that those with high concentrations of IL-6 and TNF-a had smaller skeletal
muscle area, less appendicular muscle mass, and reduced strength. Similarly, elderly subjects with
elevated IL-6 and CRP concentrations demonstrated a 2- to 3-fold greater risk of losing >40% of
their muscle strength [27]. Moreover, according to a 5-y follow-up study in 2177 men and women
aged 7079y, increased baseline concentrations of TNF-a and its soluble receptor were linked to a
greater decline in muscle mass and strength [26]. Although the underlying molecular pathway
leading from inflammation to functional decline has not been clarified yet, increased IL-6
concentrations in the elderly contribute to the development of disability and functional dependence
[85-89] via direct interactions with key growth factors in skeletal muscle [90, 91]. These findings
accord well with the observation that orally administered cyclo-oxygenase inhibitors in older adults
engaged in resistance exercise lead to increased skeletal muscle mass and strength gains by reducing
the production of IL-6 and muscle ring-finger-1 in skeletal muscle [92]. Therefore, these studies
provide compelling evidence of an association between inflammaging and a deterioration of skeletal
muscle size and function.

In vivo and in vitro studies indicate that inflammaging-related muscle wasting may be attributed

to a TNF-a mediated upregulation of the NF-kB pathway and the subsequent activation of the
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ubiquitin—proteasome system (UPS) [32-34]. Increased concentrations of pro-inflammatory
cytokines, i.e., TNF-a and/or IL-6, have been shown to activate the inhibitor of NF-kB (IkB) kinase,
which phosphorylates the 1kB complex and results in its degradation, thereby allowing the
translocation of the NF-kB complex into the nucleus [35]. The 20S proteasome is the catalytic part
of the UPS, performing the degradation and removal of abnormal, misfolded, and denatured proteins,
and it may also remove healthy proteins under certain circumstances [93-97]. Under conditions of
chronic inflammation, increased NF-kB expression activates the UPS, resulting in protein
degradation by the 20S proteasome subunit and muscle wasting [32, 34, 36, 98]. In experimental
animals, infusion or injection of TNF-a resulted in a pronounced loss of skeletal muscle and body
mass [99, 100], probably in a concentration-dependent manner [101]. Moreover, infusion of IL-6
has been shown to alter amino acid turnover and decrease the phosphorylation of signaling proteins
involved in the anabolic pathway, suggesting that increased IL-6 concentrations contribute to
skeletal muscle atrophy [102, 103].

An interaction between the NF-kB-related proteolytic cascade and anabolic pathways has also
been observed in human skeletal muscle. Older humans exhibited a blunted MPS response to feeding
compared with their younger counterparts that was attributed to NF-kB overexpression in their
skeletal muscles [28]. Later studies revealed that the increased TNF-a—dependent NF-kB expression
attenuates the activation of anabolic signaling molecules such as Akt and S6K1, leading to reduced

MPS and insulin resistance [30, 31]. Thus, chronic inflammation may not only lead to NF-kB—

Inactivity

: Endogenous/ NF-kB 1 TNF-g,IL-

* Exogenous factors = P activation 6, CRP

i Clinical conditions ‘ I

RN t immune
RO cells

Inflammaging

270
. -’ \~\
d S
& Y
| Anabolic Signaling + NF-kB activation

1 |

1 v

M 1 Ubiquitin-proteasome system

L MPS activation

1
v

+ Proteolysis

Acceleration of the aging process

1

L 1 Muscle mass :

== | Muscle function <=
1

- L] 1
SPLE H

e FRAILTY

Figure 2.1. Schematic representation of the pathway linking inflammaging and frailty. CRP: C-reactive
protein, MPS: Muscle protein synthesis, RNOS: Reactive oxygen and nitrogen species, | : decrease, 1: increase.

16

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



related skeletal muscle wasting, but it also may hamper anabolic signaling pathways in skeletal
muscle. Anti-inflammatory treatment with ibuprofen in aged rats reduced systemic inflammation,
increased the rate of MPS and activation of anabolic intracellular signaling pathways, and
significantly suppressed muscle protein breakdown [29]. Although the verification of this
mechanism (Figure 2.1) in humans is still missing, this study clearly shows that inflammaging should
be targeted by nutritional, exercise, and pharmaceutical interventions aimed at the limitation of
sarcopenia and skeletal muscle loss. The molecular mechanisms regulating the TNF-a/NF-
kB/ubiquitin— proteasome pathway and its crosstalk with Akt-related signaling in the skeletal muscle
of aged adults warrants further investigation. Although exercise-induced inflammation has been
shown to activate muscle satellite cell content as part of the regeneration or remodeling process [104,
105], there are limited data on the impact that age-related chronic inflammation has on satellite cells.
Beenakker et al. [106] show that there is no association between chronic systemic inflammation and
satellite cell number in patients with rheumatoid arthritis. Future investigations need to examine
whether inflammaging affects satellite cell responses, and, if so, what the impact is of anabolic

approaches, such as protein feeding and/or resistance exercise training on these responses.

2.3. A Rationale for Protein Supplementation for Inflammaging

Protein ingestion is a nutritional strategy that has been studied extensively as a means of
attenuating age-dependent muscle loss and therefore maintain quality of life [107]. This mainly is
due to the resulting postprandial aminoacidemia, which is known in the short term (hours) to
stimulate MPS [108, 109], especially when combined with resistance-type exercise [47, 110, 111].
Evidence indicates that MPS is less sensitive to protein intake in elderly patients than it is in young
individuals; thus, higher relative amounts of protein may be required in each meal to stimulate MPS
maximally in the aged [110, 112, 113]. Although the RDA for protein intake in adults is 0.8 g/(kg
body weight _ d), consumption of protein above the RDA has been proposed to more efficiently
prevent muscle wasting and offer health benefits to the aged [76, 114, 115]. Higher protein intake in
community-dwelling adults has been associated with an attenuation of skeletal muscle loss over a 3-
y follow-up [116], whereas protein intake has been negatively associated with skeletal muscle
strength loss in inflammaging [77]. Apart from the anabolic potential of protein, higher intake in the
elderly also has been proposed in order to boost glutathione synthesis by providing greater
availability of cysteine, which is a precursor amino acid [117]. Because the glutamate cysteine ligase
Michaelis constant for cysteine is close to intracellular cysteine concentrations, increased cysteine
intake from dietary protein or other cysteine-rich sources may lead to substantial glutathione

synthesis, especially when intracellular concentrations of glutathione are relatively low [117].
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Glutathione acts as a potent antioxidant in the intracellular environment, because it counteracts the
produced reactive oxygen and nitrogen species and also downregulates signaling pathways
mediating immune cell mobilization. Therefore, there is a potential link between protein intake and
skeletal muscle health in older adults with low-grade inflammation. Recently, researchers have
attempted to shed light on the antioxidant and anti-inflammatory properties of dairy and plant
proteins by using both in vivo and in vitro experimental models. Therefore, the interaction between
inflammaging and protein intake will be presented separately for each protein type in the following
paragraphs. For each protein type, existing evidence will be reviewed in respect to the effect of
proteins on 1) both systemic and local (skeletal muscle) anti-inflammatory and antioxidant potential,
and 2) their ability to affect skeletal muscle loss and function.

Dairy proteins. Over the last 5 years there has been growing interest in the antioxidant and anti-
inflammatory role of dairy proteins, primarily that of whey. In vitro models, although they use an
artificial environment, have offered valuable insight in this area. When C2C12 myoblasts were
incubated with whey protein (80.05 g/100 g) and various concentrations (0.1-0.4 g/L) of hydrogen
peroxide, it was revealed that whey protein was able to prevent hydrogen peroxide—induced toxicity,
reduce lipid peroxidation, and enhance the activity of several antioxidant enzymes [118]. Similarly,
whey protein hydrolysates (WPHs; 100 mg/mL and 200 mg/mL pre- and postincubation,
respectively) protected PC12 cells exposed to hydrogen peroxide from oxidative damage by
reducing intracellular concentrations of Ca2+, suppressing mitochondrial apoptotic pathways (by
14%), and maintaining the membrane potential of the mitochondrial membrane, thereby improving
mitochondrial function [119]. In line with the results from Xu et al. [118] in C2C12 myoblasts, WPH
supplementation in PC12 cells [119] upregulated the activity of antioxidant enzymes, such as
catalase and superoxide dismutase (SOD). The antioxidant properties of whey protein were
illustrated further when C2C12 muscle cell lines were treated with sheep whey protein (0.78-6.24
mg) by increasing reduced glutathione concentrations and reducing TBARS and reactive oxygen
species (ROS) [120]. Therefore, it appears that whey protein supplementation in the muscle and
other cell lines prevents the onset of oxidative stress by enhancing the activity of endogenous
antioxidant enzymes and increasing reduced glutathione availability, as well as maintaining
mitochondria integrity. These results were corroborated in findings reported by studies that used
rodent models [121-123].

Intraperitoneal [4 mg/(kg body weight - d)] or oral [8 mg/(kg body weight - d)] ingestion of WPH
in albino mice with hepatonephrotoxicity attenuated the elevation of serum markers of oxidative
damage, such as glutathione pyruvate transaminase, alkaline phosphatase, creatinine, and TBARs,

upregulated the activities of antioxidant enzymes, and preserved serum urea nitrogen at normal
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concentrations, suggesting that WPH also has the ability to enhance the endogenous antioxidant
system in vivo under pathologic conditions [121]. When the antioxidant properties of diets
containing various amounts of whey and casein protein (20% casein compared with 10% casein and
10% whey protein) were compared under conditions of elevated oxidative stress induced by iron
overloading, it was shown that rats fed the diet including whey protein had greater levels of reduced
glutathione and SOD activity in erythrocytes and reduced lipid peroxidation and DNA damage in
leukocytes and colonocytes compared with those that received casein only, suggesting that whey
was primarily responsible for the enhanced antioxidant defense [122]. Furthermore, diabetic rats
supplemented with 100 mg whey protein/kg body weight exhibited considerable reductions in
malondialdehyde, NO, and ROS concentrations and also preserved their glutathione concentrations
[123]. These in vivo results, although derived from tissues other than skeletal muscle, are in
agreement with those reported from in vitro studies [118-120] in which whey protein was
systematically shown to possess antioxidant properties despite varying doses and supplementation
protocols applied. This antioxidant profile of whey protein is attributed primarily to enhanced
antioxidant enzyme activity and increased reduced glutathione concentrations.

Although human supplementation studies in inflammaging are lacking, human protein feeding
studies under proinflammatory conditions offer valuable information. The anti-inflammatory role of
protein supplementation in humans has been tested in the context of exercise [124-129], as well as
in various clinical proinflammatory conditions, such as cystic fibrosis and obesity [130-134].
Exercise, especially eccentric or unaccustomed, has been associated with microtrauma of skeletal
muscle fibers and an intense aseptic type of inflammation that is characterized by immune cell
activation, excessive ROS generation, perturbation of redox status, and deterioration of muscle
performance [135-137]. During a 6-d block of intense training, athletes receiving a daily supplement
containing protein, leucine, carbohydrate, and fat at 20, 7.5, 89, and 22 g/h, respectively, for 1-3 h
postexercise over 6 d demonstrated increased counts of circulating neutrophil and respiratory burst
activity on day 6 compared with those receiving only a carbohydrate control beverage [124].
However, in this case, we could not determine whether the effect was attributable to leucine, protein,
or a combination of the supplement’s ingredients. In another study, well-trained cyclists performed
3 high-intensity ride sessions over 4 d (day 3 was a rest day), with supplementation on days 1 and 2
with a protein blend [whey protein isolate, calcium caseinate, and soy protein isolate (SPI)] at a
dosage of 0.8 g protein/(kg fat-free mass - h) during a 4-h postexercise recovery period [125]. A
protein effect was observed in the postexercise period, leading to reduced creatine kinase
concentrations, but no significant alterations were observed for any of the oxidative stress and

inflammatory markers measured [125]. Similarly, during a 9-wk weight-training period,
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consumption of 33 g whey protein/d (3 servings of 11 g/d, in a bar form) did not prevent exercise-
induced oxidative stress, whereas an equal amount of soy protein (33 g/d, 3 servings of 11 g/d, in a
bar form) preserved postexercise antioxidative capacity, as evidenced by free-radical scavenging
capacity and plasma myeloperoxidase response [126]. In contrast to these findings, acute anti-
inflammatory and antioxidative properties have been attributed to whey protein after a cycling
session to exhaustion [127, 128]. When whey protein [4 dosages of 0.28 g/(kg body weight - h)] was
consumed immediately postexercise and daily during the recovery period after an exhaustive cycling
trial that induced a marked inflammatory and oxidative stress response, an attenuation of IL-6,
plasma TBARs, and CRP was observed during the first 4 h after exercise, whereas plasma total
antioxidant capacity (TAC), protein carbonyls, and erythrocyte reduced glutathione and catalase
concentrations remained unaltered [127, 128]. Similar findings (i.e., attenuated elevation of TBARs
and protein carbonyls, and increased reduced glutathione availability) have been reported for whey
protein in ultramarathon runners receiving daily 2 whey protein bars (14.3 g whey protein/100 g bar)
for 2 mo [129]. Therefore, most of these human exercise studies support an anti-inflammatory and
antioxidant role for whey protein. Nevertheless, these studies involved healthy young individuals,
and data on skeletal muscle performance and molecular responses are lacking. We must mention,
however, that one previous study suggested that antioxidant supplementation (i.e., vitamins C and
E) may offset some positive adaptations induced by exercise training [138]. These findings were
reported for young athletes, but, to our knowledge, no data exist for inflammaging.

To our knowledge, only a small number of studies examined the effects of a nutritional
intervention of dairy-based protein diets in aged adults on chronic inflammation and oxidative stress.
Either acute (a bolus of 45 g of protein) or chronic (54 g of protein/d for a 12-wk period) consumption
of whey protein isolate did not alter the responses of circulating proinflammatory markers such as
IL-6, TNF-a, and CRP in overweight postmenopausal women and overweight adults aged 18-65 vy,
respectively [130, 131]. Similarly, when obese individuals received a soy-based protein diet, after a
wash-out period, no changes in inflammatory and oxidative stress markers were observed [132]. In
contrast, when whey isolate and calcium caseinate (45 g of each protein in a crossover design) were
consumed in combination with a fat-rich meal by obese, nondiabetic individuals in the context of an
acute clinical trial, an acute suppression of markers of low-grade inflammation was observed [133].
The anti-inflammatory potential of whey protein also was evident in cystic fibrosis patients who
consumed 20 g whey protein/d for 3 mo [134]. These few human studies provided valuable insight
regarding the anti-inflammatory role of protein in the presence of low-grade inflammation and partly
verify the in vitro and in vivo results described earlier. Both dairy proteins seem to have a protective

effect against low-grade inflammation, with whey eliciting a slightly greater attenuation of
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proinflammatory cytokines than does casein [133]. Thus, the rationale for using dairy proteins to

counteract low-grade inflammation and oxidative stress and prevent sarcopenia may be valid, and

future investigations should explore this prospect in human skeletal muscle in inflammaging.
Studies that investigated the effects of dairy protein on inflammatory and oxidative stress

responses are presented in Table 2.1
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Table 2.1. Evidence for the anti-inflammatory and anti-oxidative role of dairy proteins.

Reference Cell/organism tested Condition Type of protein Supplementation Effects on Inflammation Effects on Oxidative stress
Protocol
Xu et al. (2011) C,C1, myoblasts H,0»-induced WP 0.1-0.4 mg/mL N/A { Lipid peroxidation
toxicity J' DNA oxidative damage
“MActivity of SOD, CAT & GPx
Jin et al. (2013) Rat pheochromocytoma H202-induced WPH 100ug/mL WPH or N/A J ROS and Ca?* levels
line 12 cells (PC12) oxidative stress 200ug/mL WPH for J Activity of caspase-3
2h and then other N Bcl-2 mitochondrial expression
100 or 200 pg/mL { Bax mitochondrial expression
WPH for 24h N Activity of CAT & SOD
Kerasioti et al. (2014) Muscle C2Ci12 Cells Tert-butyl Sheep WP 0.78 —6.24 mg WP N/A J ROS levels
hydroperoxide for24 h { TBARS levels
(tBHP) — induced N GSH availability
oxidative stress
Athira et al. (2013) Albino mice Paracetamol- WPH 4 mg/kg/day WPH N/A J Oxidative damage
induced oxidative intraperitoneally or 8 J TBARS levels
stress mg/kg/day WPH N Activity of SOD, CAT & GPx
orally for 4 days
Kim et al. (2013) 8-week-old Sprague Iron overload- WP + Casein 10g WP + 10g casein N/A { Lipid peroxidation
Dawley rats induced oxidative / 100g diet for 6 {' DNA damage
stress weeks N erythrocyte GSH levels
N Activity of SOD
Ebaid et al. (2011) Adult diabetic rats Wounded diabetic WP Orally 100mg/kg/day  Restored IL-1B, TNF-a, IL-6, J MDA levels

Nelson et al. (2013)

Rowlands et al. (2008)

Brown et al. (2004)

Male cyclists/triathletes
(35 £ 10 years)

Male cyclists
(34 £ 10 years)

Male experienced
weightlifters (19-25 years)

rats

Exercise-induced
inflammation

Exercise-induced
inflammation &
oxidative stress

Exercise-induced
oxidative stress

WP + Leucine

WPI + Calcium
Caseinate
(*Soy nuggets also
included)

WP

WP, for 30 days

20g WP+7.5g leucine
/h, for 3h post
exercise,
daily for 6 days
0.8g of protein/kg
FFM/h, for 4h post-
exercise

33g/day WP
(3 servings of 11g)

IL-4 & neutrophil infiltration
during wound healing
& IL-6
<> IL-10
M neutrophil Oz (on day 6)

<> TNF-a

& IL-6
<> CRP

N/A

J NO & ROS concentrations
Preserved GSH levels

<> MDA

{ Plasma radical scavenging
capacity
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Kerasioti et al. (2012)

Kerasioti et al. (2013)

Samaras et al. (2014)

Pal & Ellis (2011)

Pal & Ellis (2010)

Zemel et al. (2010)

Holmer-Jensen et al.
(2011)

Holmer-Jensen et al.
(2011)

Grey et al. (2003)

Physically active men (28
years)

Physically active men (28
years)
Ultra-marathon runners
(43 years)

Overweight/Obese
postmenopausal women
(40-65 years)

Overweight/Obese
individuals (18-65 years)

Overweight/Obese
individuals (31110 years)
Obese non-diabetic

individuals (40-68 years)

Obese non-diabetic
individuals (40-68 years)

Cystic fibrosis patients
(25 years)

Exercise-induced
oxidative stress

Exercise-induced
inflammation
Resting oxidative
stress levels

Postprandial
(6 hours)
inflammatory
markers
Systemic
inflammation

Systemic
inflammation &
oxidative stress

Postprandial
low-grade
inflammation
Postprandial (4
hours) low-grade
inflammation
GSH availability

WP

WP

WP

WPI

WPI

Non fat dry milk

WPI

Calcium
caseinate

WPI

4 doses of 0.28g
WP/kg /h

4 doses of 0.28g
WP/kg /h
2 protein bars/day

(*30,80g of protein per

100g of bar of which
14,3g WP) for two
months
45g

54g WPI/day,
for 12 weeks

30g of protein
(distributed in 3
doses/day) for 28
days
45g of WPI
(15E% of the meal)

45g of protein (15E%

of the meal)

20g of WPI/day (2

servings of 10g/day)

N/A

J IL-6
J CRP
N/A

&> Plasma IL-6
<> Plasma TNF-a
<> Plasma CRP

<> Plasma IL-6
&> Plasma TNF-a
<> Plasma CRP
4 TNF-a
JIL-6
4 MCP-1

1 CCL5/RANTES
4 MCP-1

1 CCL5/RANTES
J4 MCP-1

N/A

N Myeloperoxidase
J TBARS levels
<> Plasma TAC & Protein Carbonyls
<> Erythrocyte GSH & CAT
N/A

J TBARS levels
J Protein carbonyls
M GSH Availability
< TAC

N/A

N/A

J Plasma MDA
{ 8-isoprostane factor-a

N/A

N/A

N Lymphocyte GSH levels

14 Indicates increase, 24 : Indicates decrease, 3€>: Indicates no effect, *=: Indicates maintenance, >CAT: Catalase, °*CCL/RANTES: CC chemokine ligand-5, 7CRP: C-reactive

protein, 8FFM: Fat free mass,

9GPx: Glutathione peroxidase, IL-1B: Interleukine-1B, 'IL-4: Interleukine-4, %L-6: Interleukine-6, *IL-10: Interleukine-10, *MDA:

malondialdehyde, > MCP-1: Monocyte chemotactic protein-1, ®NO: Nitric oxide, ’ROS: Reactive oxygen species, 1¥SOD: superoxide dismutase, °TAC: Total antioxidant capacity,
TBARS: thiobarbituric acid reactive substances, 22TNF-o: tumor necrosis factor-a, 22WP: Whey protein, 2WPH: Whey protein hydrolysates, 2*WPI: Whey protein isolate.
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Table 2.2. Evidence for the anti-inflammatory and anti-oxidative role of soy protein, isoflavone enriched soy protein and soy milk.

Reference Cell/organism tested Condition Type of protein Supplementation Effects on Inflammation Effects on Oxidative stress
Protocol
Aoki et al. (2002) Male Wistar rats (4 week  Paraquat-induced SPI 20% of the daily diet N/A { Lipid peroxidation levels
old) oxidative stress (8g of food the 1%t day = Glutathione levels
and then increased by
0.5g each day), for 14
days
Takenaka et al. (2003) Male Wistar rats (4 week  Paraquat-induced SPI 20% of the daily diet N/A J TBARS levels

Burris et al. (2014)

Blum et al. (2003)

Brown et al. (2004)

Hagen et al. (2009)

Sreeja et al. (2014)

old)

Apolipoprotein E
knockout mice

Postmenopausal women
(55 years)

Male experienced
weightlifters (19-25
years)

Male Wistar rats with
myocardial infarction

Adult male albino Wistar
rats

oxidative stress

Hyperlipidemia-
induced chronic
inflammation

Vascular
inflammation

Exercise-induced
oxidative stress

Myocardial
oxidative stress

Fructose induced
oxidative stress
and inflammation

(8g of food the 1% day
and then increased by
0.5g each day), for 14
days
SPI 3.9g /day SPI,
for 5 weeks

SPI 25g/day SPI,
for 6 weeks

Soy (DrSoy® Bars)  33g/day (3 servings of

11g)
SP + ISF 206 g/kg/day SP +
189 mg/100g of SP/day
ISF,
for 9 weeks
SP + ISF 20g/kg/day SP
for 8 weeks

{ NF-kB activation
{ Expression of TNF-q, IL-
6 and IL-1B
{ Expression of VCAM-1
and MCP-1
<> slL-2 receptor
<> E-selectin
&> P-selectin
<> VCAM-1
< ICAM-1
N/A

N/A

J MRNA expression of IL-
6, TNF-a & PAI-1
J Activation of INK & IKKB
{ nuclear NF-kB levels

J GSSG/GSH ratio

N/A

N/A

= Plasma radical scavenging capacity
= Myeloperoxidase

‘M SOD, CAT & GPx activity
N CAT activity
{ Protein carbonyls
J Lipid peroxidation

{ 4-HNE & 3-NT in liver
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Greany et al. (2008)

Tormala et al. (2008)

Archarjee et al. (2015)

Azadbakht et al. (2007)

Nasca et al. (2008)

Fanti et al. (2006)

Mangano et al. (2013)

Vega-Lopez et al. (2005)

Postmenopausal women
(47-69 years)

Postmenopausal women
(57 years), Tribolone
users
Postmenopausal women
(54 years), with or
without MetS (equol
producers)
Postmenopausal women
with MetS

Postmenopausal women
(58,3 £ 6 years),
hypertensive

Adult ESRD patients (60
+ 3,4 years)

Healthy women
(> 70 years) with
Baseline CRP: 5.24 pg/ml
Baseline IL-6: 2.76 pg/ml
Hypercholesterolemic
individuals (> 50 years)

Chronic
inflammation

Vascular
inflammation

Inflammatory
markers related
to CHD risk

Systemic
inflammation

Systemic
inflammation

Chronic
inflammation

Systemic
inflammation

Antioxidant
protection related
to elevated LDL
cholesterol

SP + ISF

SP + ISF

SP + ISF
(soy nut)

SP + ISF
(soy nut)

SP + ISF

(soy nut)

SP + ISF

SP + ISF

SP + ISF

26g/day SP +
44mg/day ISF,
for 6 weeks
52g/day ISF +
112mg/day ISF,
for 8 weeks
25g/day SP +
101mg/day ISF,
for 8 weeks

37.5g/day SP +
340mg/day ISF,
for 8 weeks,

25g/day SP +
101mg/day ISF,
for 8 weeks

25g/day SP +
54 mg/day ISF,
3 times/week,
&
11g/day SP +
26 mg/day ISF,
4 times/week,
for 8 weeks
18g/day SP +
105mg/day ISF,
for 1 year

17% of total energy SP

+1.25mg ISF /
1000kcal / day,
for 42 days

&> CRP
&> E-selectin
& VCAM-1 & ICAM-1
&> CRP
& ICAM-1
N VCAM-1
J CRP
J sICAM-1

J IL-18
{4 CRP
J TNF-a
{ E-selectin
J sVCAM-1
{4 CRP
< sICAM-1
& IL-6
<~ MMP-9
{4 CRP

$IL-6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

<> LDL oxidizability

<> Urinary F2-isoprostanes

<> MDA

&> Protein carbonyls (native plasma)
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Vega-Lopez et al. (2005)

Swain et al. (2002)

Beavers et al. (2009)

Miraghajani et al. (2012)

Mitchell & Collins (1999)

Jenkins et al. (2002)

Jenkins et al. (2002)

Hypercholesterolemic
individuals (> 50 years)

Postmenopausal women

(41,9-61,6 years)

Postmenopausal women

(40-60 years)

Type 2 diabetic patients

with nephropathy ()

Healthy adult men (20-
50 years)
Hypercholesterolemic
men postmenopausal
women (62 years)
Hypercholesterolemic
men postmenopausal
women (62 years)

Antioxidant
protection related
to elevated LDL
cholesterol
Menopause
associated
antioxidant status
Systemic
inflammation and
oxidative stress

Inflammation and
oxidative stress

Oxidative DNA
damage
Inflammatory
markers

Inflammatory
markers

SP + ISF

SP + ISF

Soymilk

Soymilk

Soymilk

Soy diet
(included
soymilk)
Soy diet
(included
soymilk)

16% of total energy SP
+46.21mg ISF/
1000kcal / day,

for 42 days
40g/day SP
for 24 weeks

(ISF content not described)
6g SP/serving,

3 servings/day,
for 4 weeks

a bolus of 240mL
soymilk/day,
for 4-weeks

1L soymilk/day,
for 4 weeks
50g/day SP +
73mg/day ISF,
for 1 month
52g/day SP +
10mg/day ISF,
for 1 month

N/A

N/A

& TNF-a
&6
& IL-1B
& TNF-a
&6
&> hs-CRP

N/A

<> TNF-a
<> CRP
‘M IL-6 (in women only)
<> TNF-a
<> CRP

J Protein carbonyls (oxidized
plasma)
<> LDL oxidizability
<> Urinary F2-isoprostanes
<> MDA
&> Protein carbonyls
J'? Total antioxidant status

&> SOD activity
<> GPx activity

<> MDA

J DNA damage

14 Indicates increase, 24 : Indicates decrease, 3¢: Indicates no effect, = : Indicates maintenance, >CAT: Catalase, °CHD: Coronary heart disease, ’CRP: C-reactive protein,
8GPx: Glutathione peroxidase, *hs-CRP: High sensitivity C-reactive protein, °4-HNE: 4-hydroxy-2,3-nonenal, *ICAM-1: Intracellular adhesion molecule-1, ’IKKB: IkB Kinase,
BIL-1B: Interleukine-1B, 4IL-6: Interleukine-6, °IL-18: Interleukine-18, °ISF: Isoflavones, YJNK: c-Jun N-terminal kinase, *®MDA: malondialdehyde, > MCP-1: Monocyte
chemotactic protein-1, MMP-9: Matrix metalloproteinase, 2!3-NT: 3-Nitrotyrosine, 22NF-kB: nuclear factor kappa-B, 22PAl-1: plasminogen-activator inhibitor-1, 2*sICAM-1:
soluble intracellular adhesion molecule-1, *sIL-2: soluble interleukine-2 receptor, 2sVCAM-1: soluble vascular cell adhesion molecule-1, ?’SOD: superoxide dismutase, 22SP:
Soy protein, °SPI: Soy protein isolate, **TNF-o: tumor necrosis factor-a, 3'VCAM-1: Vascular cell adhesion molecule-1.
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Soy protein. Soy protein represents 35-40% of soybean content and is considered to be a
protein source of high nutritional quality, because it contains all the essential amino acids and, in
particular, it has less saturated fat than dairy foods and is cholesterol-free [139]. However, soy
protein in its isolated form, to our knowledge, has been poorly investigated by researchers looking
for protein supplements and protein-rich diets to counteract inflammation and oxidative stress.

When SPI (20% of the daily diet; 8 g of food on day 1, increased by 0.5 g each day for the
remaining 13 d) was administered to rats exposed to paraquat-induced oxidative stress, an
attenuation of lipid peroxidation and enhanced reduced glutathione concentrations was observed
[140, 141]. A recent study showed that a 5-wk supplementation with SPI in hyperlipidemic mice
counteracted the NF-kB—dependent inflammatory response manifested as reduced activation of
NF-kB and expression of TNF-a, IL-6, IL-1b, vascular cell adhesion molecule 1 (VCAM-1), and
monocyte chemoattractant protein 1 because of inhibition of IkB phosphorylation [81]. Therefore,
given that in chronic inflammatory conditions the increased activation of the NF-kB signaling
pathway leads to protein degradation through the 20S proteasome subunit [32, 34, 36, 98] soy
protein may be a potent nutritional intervention against chronic inflammation and its associated
skeletal muscle loss. In contrast to animal studies, in what is, as far as we know, the only human
study that tested a 6-wk supplementation with SPI (25 g/d) in postmenopausal women,
supplementation did not alter inflammatory markers such as soluble IL-2 receptor, E-selectin and
P-selectin, VCAM-1, and intercellular adhesion molecule 1 [142]. However, the efficacy of SPI
in inhibiting chronic inflammation should be further investigated in human clinical trials in order
to come to a clear conclusion.

Soy foods also contain phytoestrogens named isoflavones that can be removed when these
foods are washed with alcohol [139, 143]. Genistin, daidzin, and glycitein are the primary
bioactive isoflavones in soybeans and soy foods [139]. Research on the antioxidative role of
isoflavones has shown reduced oxidative stress levels, improved antioxidant enzyme activity, and
attenuated oxidative damage in animal models [144-147], as well as in humans [148, 149].
Specifically, the incorporation of 206 g SPI/kg body weight (based on the AIN-93G diet),
combined with 189 mg isoflavones/100 g SPI, in the daily diet for a 9-wk period attenuated
myocardial oxidative stress levels in rats that suffered from myocardial infarction and underwent
heart surgery [150, 151]. Another study investigated the antioxidative action of an isoflavone-
enriched soy protein compared with a casein-based diet on fructose-induced oxidative and
inflammatory responses in rats, suggesting that, in contrast to casein, soy protein is able not only
to suppress oxidative stress, but also to elicit an anti-inflammatory response [152]. As previously

reported for SPI [81], soy isoflavones and mainly genistein also have been shown to hamper the
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activation of NF-kB and TNF-a in aged mdx mice [153]. Therefore, the effect of isoflavone-
enriched soy protein on inflammation may be attributed to its isoflavone content and amino acid
composition that seem to prevent the nuclear translocation and subsequent activation of NF-kB,
which activates the expression of proinflammatory cytokines such as TNF-a and IL-6 [81, 152,
153].

In postmenopausal women, the administration of 26 g soy protein/d enriched with 44 mg
isoflavones/d for 6 wk did not affect circulating concentrations of CRP and various adhesion
molecules [154]. Tormala et al. [155] increased the amount of supplemented soy protein to 52
g/d and the amount of isoflavones to 112 mg/d, and also extended the supplementation period to
8 wk, but they did not observe any anti-inflammatory action either. In contrast, consumption of
soy nuts containing either 25 g soy protein/d and 101 mg isoflavones/d or 37.5 g soy protein/d
and 340 mg isoflavones/d for 8 wk led to significant reductions in blood CRP, soluble intercellular
adhesion molecule 1, E-selectin, TNF-a, and IL-18 in postmenopausal women with metabolic
syndrome [82, 156], as well as in VCAM-1 in hypertensive postmenopausal women [157].
However, discrepancies between these studies may be related to the different supplementation
protocols applied, as well as to the clinical status of the participants (e.g., in the study by Tormala
et al. [155], subjects were tibolone users). Moreover, the anti-inflammatory potential of soy nuts
may be attributed to the fact that nuts contain all the bioactive compounds of a soybean, including
soy protein, fat, and phytoestrogens, whereas supplemented proteins are isolated and in some
cases are combined with isoflavones only [139, 158, 159]. Interestingly, in patients with end-
stage renal disease, which is characterized by systemic inflammation (CRP > 10.0 mg/L), the
administration of SPI that retained its isoflavone content led to a marked elevation of circulating
isoflavone concentrations that was inversely correlated with inflammatory markers [160].
Moreover, in a 1-y clinical study, the intake of 18 g soy protein/d along with 105 mg isoflavone/d
reduced blood concentrations of IL-6 in healthy older (>70 y of age) women with baseline CRP
and IL-6 values of 5.24 pg/mL and 2.76 pg/mL, respectively [161]. To the best of our knowledge,
this is the only human study that used a population with characteristics of inflammaging, and it
suggested that a combination of sufficient quantities of soy protein and isoflavones may have the
potential to prevent or alleviate inflammation. Although this study did not look into skeletal
muscle responses, it supports a rationale for soy protein use as an anti-inflammatory intervention.
Two studies that examined the antioxidant potential of soy proteins provided some positive
evidence. In a crossover design, administration of either a soy protein (17% of total energy and
1.25 mg isoflavones/1000 kcal) or an isoflavone-enriched soy protein (16% of total energy and

46.21 mg isoflavones/1000 kcal) diet for 42 d had no significant impact on markers of oxidative

28

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



stress, but improved TAC by 10% [162]. Swain et al. [163] also reported that supplementation
with soy protein in perimenopausal women improved TAC. Collectively, these studies suggest
that soy protein with isoflavones may represent a potent anti-inflammatory and antioxidant agent,
further supporting the rational for its use in proinflammatory conditions such as inflammaging.
Although this data supports an anti-inflammatory role for soy protein, to our knowledge, no data
exist regarding its effectiveness in promoting muscle mass and function in inflammaging. When
dairy and soy protein were compared in healthy aged adults, the 2 types of proteins were equally
effective in improving body composition and functionality, but the former was more effective in
increasing muscle strength [164].

Studies that investigated the effects of soy protein and isoflavone-enriched soy protein on

inflammatory and oxidative stress responses are presented in Table 2.2.
2.4. Conclusions

In conclusion, oxidative stress and inflammation interact in a vicious cycle, creating a chronic
state of systemic inflammation that in the elderly is known as inflammaging. Many health-related
dysfunctions and chronic diseases, as well as loss of muscle mass and consequently independence
in the elderly, have been associated with inflammaging; therefore, it is crucial to develop
nutritional, exercise-based, and pharmaceutical strategies to counteract its detrimental effects.
Dairy and soy products contain high-quality proteins of high nutritional value because of their
amino acid composition and absorption kinetics. Whey protein exhibits antioxidative properties
that are attributed to its ability to increase glutathione availability and enhance the activity of the
antioxidative enzymes SOD, catalase, and glutathione peroxidase. Evidence from animal models
and cell lines indicate that whey protein may regulate multiple intracellular pathways related to
ROS production. However, future studies should explore the TNF-a/NF-kB/ubiquitin—
proteasome pathway and its crosstalk with Akt-related signaling in skeletal muscle in
inflammaging in response to various protein feeding protocols. Whey administration may
attenuate exercise-induced oxidative stress and inflammation, aswell as inflammation resulting
from clinical complications and obesity. Soy protein is a promising nutritional strategy against
chronic inflammation, with it having been shown that either in its isolated form or isoflavone-
enriched, it is able to inhibit the activation of the NF-kB and subsequently the upregulation of
proinflammatory cytokines, such as TNF-a, IL-6, and IL-1b, as well as other mediators, such as
VCAM-1 and monocyte chemoattractant protein 1. Although this mechanism of action is evident
in animal models only, soy protein supplementation has been associated with reduced

concentrations of chronic low-grade inflammation in the elderly as well. There is a great need for
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well-controlled experimental trials to determine whether an increase in protein consumption may
aid MPS and muscle function in older adults with elevated systemic inflammation. Well-
controlled randomized trials should compare dairy with plant protein feeding with or without an
anabolic type of exercise in aged adults with a proinflammatory profile with the use of long-term
supplementation protocols, as well as an assessment of muscle function and mass. A schematic
representation of potential mechanisms through which protein supplementation may offset

inflammation and boost muscle anabolism and performance in the elderly is presented in Figure
2.2.
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Figure 2.2. Mechanistic links between protein feeding and inflammaging. CAT: catalase, CRP: C-reactive protein,
GSH: reduced glutathione, IkB: inhibitor of NF-kB, ROS: reactive oxygen species, SOD: superoxide dismutase, ?:
lack of evidence regarding the ability of these proteins to stimulate muscle protein synthesis in inflamed elderly, —:
increase or activation, —e: decline or inhibition.
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Disparate Habitual Physical Activity and Dietary Intake Profiles of Elderly Men

with Low and Elevated Systemic Inflammation

Draganidis D, Jamurtas AZ, Stampoulis T, Laschou V, Deli CK, Georgakouli K, Papanikolaou
K, Chatzinikolaou A, Michalopoulou M, Papadopoulos C, Tsimeas P, Chondrogianni N,
Koutedakis Y, Karagounis LG, Fatouros IG

Abstract

The development of chronic, low-grade systemic inflammation in the elderly (inflammaging) has
been associated with increased incidence of chronic diseases, geriatric syndromes, and functional
impairments. The aim of this study was to examine differences in habitual physical activity (PA),
dietary intake patterns, and musculoskeletal performance among community-dwelling elderly
men with low and elevated systemic inflammation. Nonsarcopenic older men free of chronic
diseases were grouped as ‘low’ (LSI: N = 17; 68.2 + 2.6 years; hs-CRP: <1 mg/L) or ‘elevated’
(ESI: N=17; 68.7 + 3.0 years; hs-CRP: >1 mg/L) systemic inflammation according to their serum
levels of high-sensitivity CRP (hs-CRP). All participants were assessed for body composition via
Dual Emission X-ray Absorptiometry (DEXA), physical performance using the Short Physical
Performance Battery (SPPB) and handgrip strength, daily PA using accelerometry, and daily
macro- and micronutrient intake. ESI was characterized by a 2-fold greater hs-CRP value than
LSI (p <0.01). The two groups were comparable in terms of body composition, but LS| displayed
higher physical performance (p < 0.05), daily PA (step count/day and time at moderate-to-
vigorous PA (MVPA) were greater by 30% and 42%, respectively, p < 0.05), and daily intake of
the antioxidant vitamins A (6590.7 vs. 4701.8 1U/day, p < 0.05), C (120.0 vs. 77.3 mg/day, p <
0.05), and E (10.0 vs. 7.5 mg/day, p < 0.05) compared to ESI. Moreover, daily intake of vitamin
A was inversely correlated with levels of hs-CRP (r = —0.39, p = 0.035). These results provide
evidence that elderly men characterized by low levels of systemic inflammation are more
physically active, spend more time in MVPA, and receive higher amounts of antioxidant vitamins

compared to those with increased systemic inflammation.

Keywords: aging, chronic low-grade systemic inflammation, physical activity, nutrition,

physical performance, chronic diseases
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3.1. Introduction

Chronic exposure to antigens as well as to chemical, physical, and nutritional stressors that the
Immune system has to cope with, in combination with the dramatic increase in life expectancy,
result in the overstimulation of the immune system with advancing age and the development of a
chronic and persistent pro-inflammatory state [1, 4]. This age-associated, low-grade, chronic
inflammatory status has been termed as “inflammaging” [4] and is clinically assessed by
measuring systemic concentrations of cytokines and acute-phase proteins, including interleukin-
6 (IL-6), tumor necrosis factor-a (TNF-a), and C-reactive protein (CRP) [5]. Inflammaging
represents a significant risk factor for age-related frailty, morbidity, and mortality [1, 13] as many
chronic diseases and geriatric syndromes such as cardiovascular diseases, atherosclerosis,
metabolic syndrome, type 2 diabetes mellitus, neurodegenerative diseases, cancer, and chronic
obstructive pulmonary disease have been associated with chronic inflammation [8-11]. Moreover,
increased levels of IL-6, TNF-a, and CRP in the elderly have been associated with lower muscle
mass and physical performance [25-27] as well as with increased risk for sarcopenia and
osteoporosis [15, 22, 88]. Thus, the concept of inflammaging appears to be a key determinant of
successful aging and longevity and as such a valuable tool to counteract age-related pathologies
[1].

To date, inflammaging is defined as a complex and multifactorial process whose origin cannot
be simply attributed to a specific number of factors/mechanisms, as a complete understanding of
the extent to which different tissues, organs, and biological systems contribute to its
pathophysiology is lacking [5, 16]. However, both physical activity (PA) and nutrition are
considered powerful lifestyle factors that may, cooperatively or independently, influence both
healthy aging and lifespan in humans [39, 40]. Specifically, being physically active substantially
reduces the risk of developing cardiovascular [39, 40] and metabolic diseases [39, 41], obesity
[39, 44], frailty [39, 45, 46], sarcopenia [47], osteoporosis [40, 48], cognitive impairment [42],
and mental health disorders [40, 43] in a dose-response manner [165, 166]. Numerous studies
reported that higher volume of habitual PA is related to lower levels of IL-6, CRP, and TNF-a in
older adults [23, 49-60]. Most of these studies, though, are based on self-reported PA estimations
[49-54, 57, 58, 60] that may result in increased risk of recall bias [167] and therefore do not
provide an objective determination of different intensity levels (i.e., light, moderate, vigorous, or
very vigorous PA). However, to our knowledge, four studies have utilized accelerometry to
provide an objective assessment of PA [23, 55, 56, 59]. In two of them, an inverse relationship
between PA and disease-related (chronic obstructive pulmonary disease and obesity) systemic

inflammation was revealed in middle-aged adults [55, 56]. Similarly, two other studies reported
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that time spent in MVPA is negatively associated with markers of systemic inflammation in the
healthy elderly [23, 59]. Although these data clearly suggest that habitual PA is inversely
associated with mediators of systemic inflammation in older adults, a direct comparison of
objectively assessed PA, sedentary time, and PA-related energy expenditure among the elderly
with low and increased systemic inflammation is still lacking.

Ideally, this comparison would be more conclusive by the concurrent examination of habitual
PA/inactivity and dietary intake levels, since both factors may impact systemic inflammation. In
fact, available data suggest that the role of nutrition and dietary pattern is pivotal for immune
function and low-grade systemic inflammation [61-63]. Both macronutrient and micronutrient
intake may interfere with immune responses, triggering either a pro-inflammatory or an anti-
inflammatory effect [64]. Excessive consumption of glucose and saturated fatty acids (SFA)
(particularly long-chain SFA) are reported to activate pro-inflammatory markers in insulin-
sensitive tissues [64, 67] and may result in systemic inflammation [16], while high phospholipid
consumption, especially that of polyunsaturated fatty acids (PUFA) and monounsaturated fatty
acids (MUFA), elicit antiinflammatory properties and reduce the risk of chronic inflammation
and its associated chronic diseases [68]. On the other hand, consumption of either plant- or dairy-
based protein or amino acids may offer anti-inflammatory effects by reducing levels of
inflammatory mediators [64, 69]. Furthermore, adequate intake of antioxidants and trace
elements, particularly vitamins A, C, E, and selenium, also enhances immunity and elicits a
protective effect against chronic inflammatory conditions [63]. However, to our knowledge, the
literature lacks evidence regarding differences in dietary habits among older healthy adults with
low and high systemic inflammation.

Given the pivotal role of both PA and macronutrient/micronutrient intake in mediating
immunity and chronic inflammatory responses, a direct comparison of them among older adults
exhibiting low and elevated systemic inflammation may identify which parameters of these
lifestyle factors function as discriminants of healthy aging and inflammaging. Therefore, the aim
of the present study was to compare levels of objectively assessed habitual PA and dietary
macronutrient/micronutrient intake, among otherwise healthy elderly men of low and increased

systemic inflammation.

3.2. Materials and Methods

3.2.1 Experimental Design and Participants
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A total of fifty community-dwelling elderly men aged 65-75 years were recruited from the
surrounding area of Thessaly (Greece) through postings, newspaper, and media advertisements.
All volunteers completed a health history questionnaire and were also examined by a physician.
In order to be included in the study, volunteers had to initially meet all of the following
inclusion/exclusion criteria: (a) nonsmokers; (b) independently living; (c) absence of chronic
disease (i.e., cancer, metabolic, cardiovascular, neurological, pulmonary, or kidney disease); (d)
absence of inflammatory disease (i.e., osteoarthritis, rheumatoid arthritis); (e) absence of type 2
diabetes, and (f) no recent or current use of antibiotics or other medication that could affect
inflammatory status (i.e., corticosteroids). Subsequently, those who fulfilled these criteria
underwent assessment of body height, body weight, body composition, handgrip strength, and
physical performance (via the SPPB) testing to estimate their weight status and stage of
sarcopenia according to the European Working Group on Sarcopenia in Older People (EWGSOP)
[168]. Volunteers who were characterized as presarcopenic/sarcopenic were excluded from the
study at this stage, since substantial loss of skeletal muscle mass is accompanied by significant
performance decline [168], resulting in lower levels of habitual PA [169]. Volunteers who were
classified as obese were also excluded since obesity is linked to metaflammation, an adipose-
tissue-mediated chronic inflammatory state that differs in terms of pathophysiology from
inflammaging [8, 16]. Accordingly, thirty-four volunteers who fulfilled the eligibility criteria
participated in the study. The determination of inflammatory status was based on two consecutive
measurements of high-sensitivity CRP (hs-CRP) and participants were grouped as “low systemic
inflammation” (LSI: hs-CRP <1 mg/L) or “elevated systemic inflammation” (ESI: hs-CRP >1
mg/L) according to a previous report [170]. Participants were then provided with accelerometers
and food diaries to monitor their habitual PA and daily macronutrient/micronutrient intake,
respectively, over a 7-day period. They were fully informed about the aim and the experimental
procedures of the study, as well as about the benefits involved, before obtaining written consent.
The Institutional Review Board of the University of Thessaly approved the study and all

procedures were in accordance with the 1975 Declaration of Helsinki (as revised in 2000).

3.2.2. Body Composition

Standing body mass and height were measured on a beam balance with stadiometer (Beam
Balance-Stadiometer, SECA, Vogel & Halke, Hamburg, Germany) with participants wearing
light clothing and no shoes as described previously [171]. Body composition [including fat mass,
fat-free mass (FFM), percent of fat, lean body mass (LBM)] was assessed by dual emission X-

ray absorptiometry (DXA, GE Healthcare, Lunar DPX NT, Diegem, Belgium) with participants
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in supine position as described before [172]. Appendicular lean mass (ALM) and skeletal muscle
mass index (SMI) were calculated as the sum of muscle mass (kg) of the four limbs (based on
DXA scan) and as ALM divided by height by meters squared (kg/m?), respectively [168], while
sarcopenia status was determined according to the criteria established by EWGSOP [168].

3.2.3. Physical Activity

Physical activity was monitored by using the accelerometers ActiGraph, GT3X+ (ActiGraph,
Pensacola, FL, USA) over a 7-day period. Accelerometers were attached to elastic, adjustable
belts and did not provide any feedback to the participants. Participants were taught how to wear
the belt around the waist with the monitor placed on the right hip and they were asked to wear it
throughout the day, except for bathing or swimming and sleep, for seven consecutive days. To be
included in the analysis, participants had to have >four days with >10 wear hours/day (i.e., four
valid days) [173]. Nonwear time was calculated using the algorithms developed by Choi et al.
[174] for vector magnitude (VM) data and defined as periods of 90 consecutive minutes of zero
counts per minute (cpm), including intervals with nonzero cpm that lasted up to 2 min and were
followed by 30 consecutive minutes of zero cpm. Daily activity and sedentary time were
estimated according to VM data and expressed as steps/day and time in sedentary (<199 cpm),
light (200-2689 cpm), moderate (2690-6166 cpm), vigorous (6167-9642 cpm), and moderate-
to-vigorous (>2690 cpm) PA [175]. The manufacturer software ActiLife 6 was utilized to

initialize accelerometers and download data using 60-s epoch length.

3.2.4. Dietary Assessment

Participants were taught by a registered dietitian how to estimate food servings and sizes of
different food sources and how to complete food diaries. They were allowed to weigh out food
servings, so that they could precisely report the amount of specific food portions, while they were
also provided with colored photographs depicting different portion sizes that they could use to
compare their food weights. Furthermore, complete instructions on how to describe portion sizes
based on household measures or other standard units were also administered to our participants.
Participants recorded their daily dietary intake for seven consecutive days, describing, in as much
detail as possible all portions of food and drinks/water. For commercially available products, the
name of the manufacturer, fat content (i.e., 1%. 2% etc), and other related information had to be
noted. The Science Fit Diet 200 A (Science Technologies, Athens, Greece) dietary software was
utilized to analyze diet recalls and data regarding total energy (kJ), protein (g/kg/day & g/day),
leucine (g/day), branched chain amino acids (BCAA, g/day), carbohydrates (g/day), fat (g/day),
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vitamin A (IU/day), vitamin C (mg/day), vitamin E (mg/day), selenium (pg/day), polyunsaturated
fatty acids (PUFA), and monounsaturated fatty acids (MUFA).

3.2.5. Systemic Inflammation

Blood samples were collected early in the morning between 07:00 and 09:00 am, after an
overnight fasting. Participants were asked to avoid alcohol and abstain from intense physical
activity for >48 h before blood sampling. Blood was drawn from an antecubital arm vein via a
10-gauge disposable needle equipped with a Vacutainer tube holder (Becton Dickinson) with
participants seated. To separate serum, blood samples were allowed to clot at room temperature
and then centrifuged (15,000 g, 15 min, 4 °C). The supernatant was dispensed in multiple aliquots
(into Eppendorf tubes) and stored at —80 °C for later analysis of hs-CRP. Serum hs-CRP was
quantitatively measured in duplicate using the C-Reactive Protein (Latex) High Sensitivity assay
(CRP LX High Sensitive, Cobas®) on a Cobas Integra® 400 plus analyzer (Roche) with a

detectable limit of 0.01 mg/dL and an inter-assay coefficient of one standard deviation (1 SD).

3.2.6. Statistical Analyses

All data are presented as means + SD. The normality of data was examined using the Shapiro—
Wilk test (N = 17/group). Because our data sets in most of our variables differed significantly
from normal distribution, we rejected the hypothesis of normality and applied nonparametric
tests. To test differences in body composition, daily PA-related parameters, and dietary
macronutrient/micronutrient intake among the two groups (LSI vs. HSI) a Kruskal-Wallis test
was applied. Pearson’s correlation analysis was used to examine the relation of dietary antioxidant
vitamins intake, number of steps, and time in MVPA per day with serum levels of hs-CRP.
Correlation coefficients of r < 0.2,0.2 <r < 0.7 and r > 0.7 were defined as small, moderate, and
high, respectively. Effect sizes (ES) and confidence intervals (CI) were also calculated for all
dependent variables using the Hedge’s g method corrected for bias. ES was interpreted as none,
small, medium-sized, and large for values 0.00-0.19, 0.20-0.49, 0.50-0.79, and >0.8,
respectively. The level of statistical significance was set at p < 0.05. Statistical analyses were
performed using the SPSS 20.0 software (IBM SPSS Statistics). The G * Power program (G *
Power 3.0.10) was utilized to perform power analysis. With our sample size of 17/group we

obtained a statistical power greater than 0.80 at an a error of 0.05.

3.3. Results
Participants’ characteristics are presented in Table 3.1. Participants were healthy and had no

pathological levels of hs-CRP. The two groups, though, differed significantly in respect to hs-
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CRP values (ESI: 2.1 + 0.8 vs. LSI: 0.7 £ 0.2 mg/dL, p = 0.00), with ESI displaying a 2-fold
elevation in serum hs-CRP compared to LSI. Averaged BMI values in LSI and ESI were 27.3 +
3.1 kg/m? and 27.9 £ 2.5 kg/m?, respectively, which classifies them as nonobese according to the
criteria established by the World Health Organization (WHO) [176]. Moreover, all participants
were characterized as nonsarcopenic, since they exhibited SMI >7.26 kg/m?, handgrip strength
>30 kg, and physical performance score in SPPB >8. No differences were detected in respect to
BMI, fat mass, percent of fat, FFM, LBM, ALM, SMI, and handgrip strength among groups.
However, significant differences were observed in physical performance, with LSI achieving a
higher SPPB score compared to ESI (LSI: 11.9 + 0.2 vs. ESI: 11.2 + 1.0; ¥ = 6.436, p = 0.016;
ES =0.90; 95% CI=-1.63, —0.17).

Table 3.1. Participants’ characteristics.

Parameter LSl (n=17) ESI (n=17)
Age (years) 68.2+2.6 68.7+3.0
Body Height (m) 1.71 £0.07 1.73 £0.04
Body Weight (kg) 82.3+8.5 852+7.5
BMI (kg/m?) 27.3+3.1 27.9+25
Fat Mass (kg) 24.1+7.0 263+4.1
Fat (%) 29.5+6.6 31.8+2.1
Fat-Free Mass (kg) 56.3+4.6 584 +5.2
Lean Body Mass (kg) 53.3+4.5 553+5.1
ALM (kg) 232424 24.4+2.1
SMI (kg/m?) 8.12+0.7 8.13+0.6
Grip Strength (kg) 343+55 36.7+ 6.6
SPPB (score) 11.9+0.2 11.2+1.01

Sarcopenia Status ~ Non-Sarcopenic  Non-Sarcopenic

hs-CRP (mg/L) 0.7+0.2 2.1+0.82

Data are presented as mean + SD. ALM: Appendicular Lean Mass; SMI: Skeletal Muscle Mass
Index; SPPB: Short Physical Performance Battery; hs-CRP: High-Sensitivity CRP. ! significant
difference between groups, p < 0.05, 2 significant difference between groups, p < 0.01.

Results comparing sedentary time and PA among groups are shown in Figure 3.1. The two
groups were comparable in sedentary time throughout the day (LSI: 378.2 &+ 98.7 vs. ESI: 370.5
+95.9 min/day; ¥* = 0.008, p = 0.927) and in the time they spent in light PA/day (LSI: 342.9 +
93.1 vs. ESI: 331.7 + 98.2 min/day; »* = 0.357, p = 0.550), while a trend for significantly more
time spent in moderate PA/day by the LSI group was also observed (LSI: 59.5 + 16.7 vs. ESI:
44.1 + 18.2 min/day; ¥ = 3.637, p = 0.057). Interpretation of the level of moderate PA by group
means examined in relation to the PA guidelines adopted by the WHO revealed that both groups

met the recommendation for at least 150 min of moderate-intensity PA throughout the week.
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Figure 3.1. (A) Sedentary time, (B) time spent in light, (C) moderate, (D) vigorous, (E) moderate-
to-vigorous (MVPA) PA, and (F) total step count throughout the day, in low (LSI) and elevated
(ESI) systemic inflammation groups. Values are presented as mean = SD. * denotes significant
difference between groups at p < 0.05.

By performing an individual examination in both groups, we found that all participants in LSI
and approximately 86% of participants in ESI met this criterion. Significant differences between
LSI and ESI were observed in MVPA and daily step count, with LSI spending more time in
MVPA throughout the day (LSI: 65.2 +21.5 vs. ESI: 45.9 + 19.8 min/day; ¥? = 3.997, p = 0.044;
ES =0.91; 95% CI = —1.68, —0.13) and performing more steps (LSI: 9000.1 £ 2496 vs. ESI:
6968.3 + 2075 steps/day; y? = 4.087, p = 0.043; ES = 0.86; 95% CI = —1.63, —0.08) than ESI, by
42% and 30%, respectively. The average step count/day for LSI was 9000.1 steps, which is close
to the upper recommended limit for older adults (7100-10,000 steps/day) [177] while the ESI did
not meet these recommendations, performing 6968.3 steps/day. Almost 86% of participants in
the LSI group performed >7100 steps daily while slightly more than half (53%) of participants in
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the ESI group did so. A longitudinal analysis combining both groups revealed a trend for an
inverse correlation between hs-CRP level and daily step count (r = —0.37, p = 0.055). Time in
vigorous PA/day did not differ among groups (LSI: 5.3 £ 6.9 vs. ESI: 1.0 + 2.6 min/day; %° =
2.315, p = 0.128), probably because of a high interindividual variability. Moreover, the two
groups demonstrated similar PA-related energy expenditure throughout the day, as no differences
observed in terms of kJ/day (LSI: 2554.3 + 1033.5 vs. ESI: 2654.3 + 1041.8 kJ/day, p = 0.798)
and METs/day (LSI: 1.28 £ 0.1 vs. ESI: 1.23 = 0.1 METs/day, p = 0.203) (Figure 3.2).

Figure 3.2. Daily PA-related energy expenditure expressed as (A) kJ and (B) METSs in low (LSI)
and elevated (ESI) systemic inflammation groups. Values are presented as mean + SD.

LSI and ESI demonstrated similar total energy and macronutrient intake throughout the day
(Table 3.2). The two groups had a daily energy intake of 6949.6-6794.8 kJ, constituted by 15—
16% protein, 38% carbohydrate, and 42% fat. The mean protein intake in both groups was 0.8
g/kg body weight/day, which represents the recommended daily allowance (RDA) that meets
97.5% of the population [178]. However, approximately 46% of participants in both groups had
a daily protein intake of 0.5-0.7 g/kg body weight/day. Separate analysis in leucine and BCAA
intake revealed that both LSI and ESI received 0.6 g of leucine/kg body weight/day and 0.13-
0.14 g of BCAAs/kg body weight/day, which meets the current recommendations for amino acid
intake in adults [178]. The two groups, though, differed significantly in respect to daily
antioxidant vitamin intake, with the LSI group receiving higher amounts of vitamin A (LSI:
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6590.7 2219 vs. ESI: 4701.8 + 1552.6 IU/day; > = 5.616, p = 0.018; ES = 0.95; 95% Cl = 1.72,
0.18), vitamin C (LSI: 120.0 + 55.5 vs. ESI: 77.3 + 39.1 mg/day; y° = 5.421, p = 0.020; ES =
0.87;95% CI=1.63, 0.11), and vitamin E (LSI: 10.0 + 2.9 vs. ESI: 7.5 + 3.0 mg/day; y2 = 4.496,
p = 0.034; ES = 0.75; 95% CI = 1.50, 0.01) than ESI, by 37%, 59%, and 33%, respectively.
Moreover, by performing a longitudinal analysis of both groups we observed that daily vitamin
A intake was inversely correlated with levels of hs-CRP (r =—0.39, p = 0.035) (Figure 3.3). On
the contrary, daily intake of selenium (LSI: 93.2 £+ 29.8 vs. ESI: 96.1 £ 29.7 ug/day, p = 0.793),
PUFA (LSI: 10.1 £2.4 vs. ESI: 8.9 2.6 g/day, p=0.215), and MUFA (LSI: 43.7 + 10.8 vs. ESI:
37.9 +10.9 g/day, p = 0.168) was comparable in the two groups.

Table 3.2. Dietary macronutrient and micronutrient intake in LSI and ESI groups.

Parameter LSl (n=17) ESI (n=17) p Value  y?
Total Energy (kJ/day) 6952.9+1241.8 6797.8+1136.8  0.771 0.085
Protein
g/day 63.8+20.3 66.9 + 14.6 0.183 1.770
o/kg BM/day 0.8+0.3 0.8+0.2 0.817 0.054
% of total calories 15+2.7 16 +£3.0
Leucine (g/day) 4.89+1.7 513+£1.2 0.430 0.624
BCAA:s (g/day) 11.38+3.6 11.53+2.4 0.533 0.389
Carbohydrates
g/day 156.2 +37.6 154.9 +52.7 0.901 0.016
% of total calories 37.7£6.9 37.5+8.4
Fat
g/day 793+ 125 73.7£17.0 0.318 0.996
% of total calories 42.0+4.0 41.7+7.1
PUFA (g/day) 10.1+£2.4 89+26 0275 1.191
MUFA (g/day) 43.7+10.8 37.9+10.9 0.359 0.840
Vitamin A (IU/day)  6590.7 +2219.6 4701.8+1552.6' 0.018 5.616
Vitamin C (mg/day) 120.0 + 55.5 77.3+39.11 0.020 5.421
Vitamin E (mg/day) 10.0£2.9 7.5+3.0! 0.034  4.496
Selenium (ug/day) 93.2+29.8 96.1 £29.7 0.589 0.292

Data are presented as mean = SD. BM: Body mass; BCAA: Branched chain amino acids; PUFA:
Polyunsaturated fatty acids; MUFA: Monounsaturated fatty acids. * Significant difference between
groups.
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Figure 3.3. The relationship between serum hs-CRP level and daily dietary intake of Vitamin A.

3.4. Discussion

The present study is the first, to our knowledge, to compare the levels of habitual PA, sedentary
time, and dietary intake between healthy elderly men with low and elevated low-grade systemic
inflammation (inflammaging). Our findings suggest that older adults characterized by low levels
of systemic inflammation perform more steps and spent more time in MVPA throughout the day
and they receive higher amounts of dietary antioxidant vitamins (i.e., vitamins A, C, and E) on a
daily basis compared to their counterparts with elevated systemic inflammation.

Participants were categorized as having either “low” or “elevated” low-grade systemic
inflammation according to their serum levels of hs-CRP. This acute-phase protein is considered
a valid and informative marker of inflammaging [179] and has been previously used as a single
marker to identify levels of systemic inflammation in older adults [170]. The term inflammaging,
first introduced by Franceschi and his colleagues [4], refers to the development of a chronic, low-
grade inflammation phenotype with advancing age. However, the presence of obesity, either in
young or older individuals, results in elevated systemic inflammation, which has been defined as
metaflammation (metabolic inflammation) and is primarily mediated by the adipose tissue [8].
Although the underpinning mechanisms of inflammaging and metaflammation may be different,
these two chronic inflammatory conditions may overlap [16]. Therefore, in an attempt to focus
on inflammaging in this study, we included only nonobese elderly men (according to WHO
criteria). Moreover, LSI and ESI groups were very homogeneous in terms of body composition,
since they did not differ in body weight, fat mass, percent of fat, FFM, and LBM. All participants
were also nonsarcopenic according to the criteria established by the EWGSOP [168], since the
existence of sarcopenia could act as a covariate in our investigation, interfering with their ability
to habitually perform PA [169].
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Previous cross-sectional studies have investigated the association between habitual PA and
inflammatory biomarkers in middle-aged and older adults [23, 49-52, 54-60]. However, only two
utilized accelerometry to quantify not only the quantity but also the quality (intensity) of habitual
PA in the otherwise healthy elderly with physiological and elevated chronic, low-grade systemic
inflammation [23, 59]. This study attempted to extend the current literature by providing insights
concerning the differences in PA and dietary intake profile among elderly men with low and
elevated low-grade systemic inflammation. The use of accelerometry to objectively assess the
quantity and intensity of habitual PA is a strength of our study, as most of the previously cited
studies [49-52, 54, 57, 58, 60] are based on questionnaires, self-reports, or interviews. The use of
accelerometers over a 7-day period to assess PA and sedentary time has been reported to be a
valid and reproducible methodological approach in the elderly [180].

Although sedentary time and time spent in light- and moderate-intensity activities throughout
the day were similar between LSI and ESI, we noted that overall the LSI group performed more
steps and spent more time in MVPA on a daily basis. This suggests that not only the volume of
habitual PA but also the intensity in which daily physical activities are performed may interfere
with the development of chronic, low-grade systemic inflammation in older individuals. Our
findings further build on previous reports that higher volume of habitual PA is associated with
lower levels of pro-inflammatory mediators in healthy elderly individuals [50, 54, 57] and COPD
patients [55]. Moreover, this inverse association between PA and inflammation is suggested to
be dose-dependent, so that the more physically active an individual is, the lower the chronic
inflammatory milieu [50, 52, 60]. Although only a trend (r = —0.37, p = 0.055) for an inverse
correlation between hs-CRP level and daily step number was observed in our study, possibly
because of an interindividual variability in daily step counts of our participants (we used
accelerometers whereas questionnaires were utilized by others), these findings collectively
suggest that habitual PA may be associated with inflammaging in an inverse, dose-response
pattern. Furthermore, it has been recently reported that the impact of PA on chronic low-grade
inflammation is not only dose-dependent but also intensity-dependent, as moderate-to-vigorous
activities induce greater improvements in the inflammatory profile of older adults while light- or
moderate-intensity physical activities are accompanied by no changes in inflammatory mediators
[181]. Indeed, Wahlin-Larsson et al. [23] found that in recreationally active elderly women, the
time spent in MVPA is inversely associated with serum levels of CRP, a finding also reported in
younger individuals [182]. The mechanism/s through which PA reduces or prevents low-grade
systemic inflammation in the elderly remains to be elucidated. Observational, cross-sectional

studies are not designed to identify the mechanisms that underline the effects of systematic PA
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on chronic inflammation and as such, more intervention studies are needed [167, 181]. Based on
the fact that inflammaging is tightly regulated by the balance between pro- and anti-inflammatory
mediators [183], a possible mechanism could be that PA, and especially MVPA, suppresses the
production of pro-inflammatory cytokines and molecules that trigger the inflammatory milieu,
and enhances the production of anti-inflammatory mediators [167, 181, 184]. Moreover, the
process of inflammaging may be further affected by the age-associated increase in the production
of reactive oxygen and nitrogen species (RONS) that lead to redox balance disturbances and
subsequent activation of the redox-sensitive NF-kB signaling pathway that stimulates the
expression of numerous pro-inflammatory mediators such as TNF-a, IL-6, IL-1p, and CRP [69,
83]. As such, a vicious cycle of RONS and pro-inflammatory molecule production is propagated,
driving a chronic, systemic pro-inflammatory phenotype [17, 69]. Regular participation in
moderate-to-vigorous intensity exercise has been shown to attenuate both basal and exercise-
induced levels of oxidative damage, enhance the antioxidant capacity, and improve the DNA
repair machinery in healthy, elderly individuals [185, 186]. Thus, it can be proposed that
systematic MVPA may prevent the development of inflammaging by lowering the production of
RONS and levels of oxidative damage in the elderly.

LSI and ESI also differed significantly in terms of physical performance. More specifically,
LSI exhibited higher performance in the SPPB test compared to ESI and this observation is in
line with previous findings reporting that older adults with elevated systemic inflammation
demonstrate lower physical performance [24, 187]. Although the underlying mechanism leading
from chronic inflammation to functional decline has not been clarified yet, it has been reported
that systemic inflammation may impact physical performance by decreasing skeletal muscle mass
[22, 69]. However, in this study, the two groups demonstrated similar LBM, ALM, and SMI,
indicating that the observed difference in physical performance was not muscle-mass-dependent.
A previous report, though, by Wahlin-Larsson and colleagues [23] provided evidence that
increased systemic inflammation influences muscle regeneration by decreasing the proliferation
rate of myoblasts. In addition, increased inflammation and cytokine production may also reduce
the quiescent satellite cells pool and attenuate their differentiation capacity [22]. Therefore, it can
be assumed that elevated systemic inflammation may contribute to physical performance
deterioration by attenuating the regeneration potential of the aged skeletal muscle.

We also utilized 7-day recalls to perform a thorough screening of the dietary intake in the LSI
and ESI groups, focusing on macronutrients and micronutrients that have been shown to elicit
either a pro- or an anti-inflammatory effect, and could be therefore characterized as ‘key

modifiers’ in the process of inflammaging. LSI and ESI demonstrated similar energy and
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macronutrient intake, consuming 6794.8-6949.6 kJ/day composed of 15-16% protein, 38%
carbohydrates, and 42% fat. Our group recently conducted a literature review suggesting that
protein intake, especially that of whey protein and soy or isoflavone-enriched soy protein, may
indirectly offer antioxidative and anti-inflammatory benefits beyond its ability to stimulate
skeletal muscle protein synthesis [69]. Also, Zhou et al. [188] performed a meta-analysis on the
effects of whey protein supplementation on levels of CRP, concluding that increased whey protein
intake may induce favorable effects on individuals with elevated baseline CRP levels. However,
in this study, we noted that daily protein intake was similar between LSI and ESI, with both
groups receiving on average ~0.8 g/kg BM/day, which is in line with WHO RDA for protein
[178]. BCAA and leucine intake were also compared among groups to provide a qualitative
determination of daily protein intake. Although leucine is classified as a BCAA, we decided to
present it separately because its role may differ from that of the other BCAAs, especially in the
elderly where a higher amount of leucine should be consumed through diet to efficiently stimulate
muscle protein synthesis and preserve muscle loss [189, 190]. In our present work, we observed
that LSI and ESI had a similar daily intake of BCAAs and leucine, meeting the recommendations
for amino acid intake in adults [178]. Daily carbohydrate intake was also similar among groups
(154-156 g/day), indicating that it does not play a prominent role in the development of
inflammaging. Previous reports have noted that only increased consumption of high glycemic
index carbohydrates may be associated with increased levels of inflammation [191].
Unfortunately, the determination of glycemic index and glycemic load in our participants’ daily
diets was not feasible.

Similarly, no differences were observed in total fat consumption among groups, with LSI and
ESI receiving 79 and 74 g/day, respectively, which corresponds in both groups to 42% of daily
energy intake. Although previous reports have indicated that increased fat consumption is
associated with elevated systemic markers of inflammation [191, 192], this was not the case here.
High fat diets, and primarily SFA, have been reported to induce substantial alterations in the gut
microbial flora (i.e., increases gut mucosa permeability, epithelial brier disruption) that result in
enhanced translocation of lipolysaccharide (LPS) in the circulation, thus promoting the
development of low-grade systemic inflammation [192, 193]. However, it should be highlighted
here that not all SFA demonstrate equal properties and consumption of specific SFA (i.e., C14:0,
C15:0, C17:0, CLA, and trans-palmitoleic) has been associated with positive effects on
cardiovascular health [194]. On the other hand, increased intake of MUFA and/or PUFA has been
proposed to counteract the pro-inflammatory cascade by reducing the translocation of LPS in the

circulation [192] and suppressing the eicosanoid and PAF inflammatory pathways [68]. Indeed,
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many studies have revealed an inverse association between higher intake of dietary PUFA and/or
MUFA and levels of pro-inflammatory mediators such as hs-CRP and IL-6 [191]. In this study,
although no statistically meaningful differences were observed in dietary MUFA and PUFA
intake between groups, LSI displayed a higher intake of MUFA and PUFA, by 15% and 13.5%,
respectively, compared to ESI.

Interestingly, we noted significant differences between LSI and ESI in terms of antioxidant
vitamin intake. More specifically, daily dietary intake of vitamins A, C, and E in LSI was higher
by 37%, 59%, and 33%, respectively, as compared to ESI. These vitamins play a major role in
immune function, so that adequate intake enhances innate, cell-mediated, and humoral antibody
immunity while deficiency promotes the opposite effects [63, 195]. With aging, the production
of reactive oxygen and nitrogen species and that of pro-inflammatory cytokines rises
significantly, propagating a vicious cycle of oxidative stress and inflammation that promotes a
chronic low-grade inflammatory state [17, 69]. Vitamin A has been shown to promote a T-helper
type 2 immune response by reducing the expression of pro-inflammatory cytokines (i.e.,
interferon-y, TNF-a and I1L-12) and adipocytokines (i.e., leptin) [63, 195] while it may also inhibit
the activation of the redox-sensitive nuclear factor-kappa B (NF-xB) [63, 195], a principal
mediator of the bidirectional interaction between oxidative stress and inflammation [69].
Moreover, the pivotal role of vitamin A in chronic inflammation is further supported by the fact
that a deficit in vitamin A intake is associated with a pronounced pro-inflammatory state and
inability to cope with pathogens, as well as with reduced phagocytic capacity of macrophages
[63]. Vitamin C also reduces the production of pro-inflammatory cytokines through inhibition of
the transcription factor NF-xB [63]. The anti-inflammatory effect of this micronutrient is further
supported by a previous investigation where vitamin C intake was inversely associated with levels
of CRP and tissue plasminogen activator (t-PA) antigen in elderly men [196]. Furthermore,
vitamin C acts as a potent antioxidant, protecting cells from ROS-mediated oxidative damage,
while it may also boost the synthesis of other antioxidants such as vitamin E [63]. Likewise,
vitamin E is able to confer protection against oxidative stress by increasing the concentration of
endogenous antioxidant enzymes, such as SOD, CAT, and GPX, and it also prevents oxidative
damage in the cell membrane [63, 197]. Evidence based on human studies indicates that vitamin
E supplementation in older adults improves immune function [63] and is associated with a lower
concentration of pro-inflammatory mediators [198]. Collectively, these data corroborate the
higher antioxidant vitamin intake observed in LSI in the present study, indicating that vitamins
A, C, and E may contribute to the control of low-grade systemic inflammation in the elderly. By

contrast, no differences were observed in selenium intake between LSI and ESI, although
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selenium is also considered a micronutrient that may efficiently influence both innate and

acquired immune function and may enhance the antioxidative defense system [63].

3.5. Conclusions

We found that elderly men with low levels of systemic inflammation are characterized by
higher quality and quantity of habitual PA and ingested higher amounts of antioxidant vitamins
A, C, and E through normal diet when compared to those with increased systemic inflammation.
To the best of our knowledge, this is the first study to directly compare elderly men of low and
increased low-grade systemic inflammation in respect to habitual PA and dietary profile. PA and
antioxidant vitamin intake appear to be discriminant factors of inflammaging and healthy aging.
Future research should further explore the cause and effect as well as the dose-response
relationship between PA and/or antioxidant vitamins and inflammaging.
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CHAPTER 4

Published as:

Apayavidng A, ITovAog A, Adoyov B, TCatlakng O, [aravikordov K, Kpnrikdc X, Asghn
X, Tewpyaxodin K, Aviwvitm A, [Honndag A, TCapovptag A, @atovpoc 1. Zuykpion
NAMKIOUEVOV avOPOV HE YOUNAT KOl LYMAN ¥POVIO. CUGTNIKY QAEYUOVN] O OEIKTEC
dvvoung, ofedmTikov oTpeg Kot GAeypovne. Avalntnoeis oty Pvoikn Ayoyn & tov
ABinniouo, 2018.
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Comparison of elderly men with low and elevated chronic systemic inflammation in

indices of strength, oxidative stress and inflammation

Draganidis D, Poulios A, Laschou V, Tzatzakis T, Papanikolaou K, Kritikos S, Deli CK,
Georgakouli K, Avloniti A, Pappas A, Jamurtas AZ, Fatouros IG.

Abstract

The aim of the study was to examine differences among elderly men with low and elevated
chronic systemic inflammation (CSI) in indices of the immune system, oxidative stress,
antioxidant capacity and strength of the upper and lower body. A total of thirty-three, healthy,
elderly men aged 65-75 years were included in the study and grouped as either "low"™ CSI (LCSI:
n=16; hs-CRP: < 1 mg/L) or "elevated" CSI (ECSI: n=17; hs-CRP: > 1 mg/L) according to their
serum levels of high-sensitivity CRP (hs-CRP). All participants were assessed for
anthropometrics, body composition via Dual Emission X-ray Absorptiometry (DXA), handgrip
strength and lower limb muscle strength on a leg extension machine. Blood samples were also
collected for the determination of white blood cells (WBC), granulocytes (GRA), monocytes
(MON) and lymphocytes (LYM) concentration as well as for the measurement of protein
carbonyls (PC) and total antioxidant capacity (TAC) in serum. ECSI was characterized by almost
a 4-fold greater hs-CRP value compared to LCSI (ECSI: hs-CRP = 0.6+0.1 mg/L vs LCSI: hs-
CRP = 2.3+0.8 mg/L, p=0.00). ECSI and LCSI were comparable in terms of anthropometric
characteristics, body mass index, fat percent, fat mass, fat free mass, lean body mass as well as in
handgrip and lower limb muscle strength. Moreover, no differences were observed among groups
in WBC, GRA, MON and LYM counts and in PC concentration. In contrast, significant
differences observed between groups in TAC, with LCSI displaying a greater antioxidant capacity
than ECSI by 60% (p<0.05). In conclusion, white blood cell counts and protein carbonyl
concentration as well as muscle strength of the lower and upper body are not different among
elderly men with "low" CSI and "elevated" CSI. However, those with low levels of CSI are

characterized by a greater antioxidant capacity compared to their counterparts with elevated CSI.

Keywords: chronic systemic inflammation, white blood cells, protein carbonyl, muscle strength
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ZOYKPLON NAIKIOUEVOV OVOPAOV UE YOUNAY Kol VYA (POVIC GUGTI|IIKY] QAEYROVY]

o€ deikTeS OVVOUNG, 0EEIOMTIKOD OTPES KUL PAEYHOVIS

Apayaviong A, TTodhog A, Adoyov B, TCotlakng O, [Mamavikoddov K, Kpntikog X, Aean X,
I'swpyokovin K, Aviwvitn A, [Moanrndg A, TCapovptag A, @atovpog |

Iepiinyn

2KOTOG TNG LEAETNG MTOV VO SIEPEVVIGEL TNV VTLAPEN SLOPOPDV HETAED NATKIOUEVOV OVOPDOV LE
YOUNAR Kot VYNAR 1POVIR CLOTN KT EAEYHOV (XED), o€ SEIKTEG 0VOGOTOINTIKOV GUGTHUATOG,
0&eMTIKOD GTPEG, OVTIOEEIOMTIKNG IKOVOTNTOS Kot OUVOUNG Ve Kol KATO GKP®V. TN LEAETN
éhafav pépog ovvolkd 33 vyelg, avopeg ebBehoviég mhkiog 65-75 etdv, otv omoiot
KoatnyopromomOnkav pe faon ta enineda tng C-avtidpmoag TpoTteivng vynAng evatsdnciog (hs-
CRP) og 600 opddeg: a) oudda youning XE® (hs-CRP < 1 mg/L) ko B) opddo vyning XED
(hs-CRP > 1 mg/L). OAot ot cuppetéyovtec vroAndnkav oe a&loAdynon TOV 6OUATOUETPIKOV
TOVG YOPOKTINPIOTIKAV, TG GVGTACTG COUATOS LE UNYAVILLO SITANG EVEPYELOKNG AoppOPToNG
aktvov X (DXA), g péytotng ovvaung xetporafrg kot twv 10ME kdto dxpov oto punydvnuo
extdoelg yovatowv. EmmAéov vmofAnonkov oe awpoinyio v ™ Poynuikny aSoAdynon tov
AEVKOKVTTAP®V KOl TOV VTOTANOVGUOV TOVS, TV TPOTEIVIK®OV KapPovurlmv, mov eivar deiktng
0&eldmong TV TPOTEIVAOV, Kol TNG GUVOMKNG aVTIOEEWMTIKNG tKavOTNTag 6Tov 0po. H péon
ovykévipwon hs-CRP oty opdda vyning XED ftov mepinov 4 opég peyadtepn and ekeivn
oty oudda yoauning XEO (vyning XED: hs-CRP=0.6+0.1 mg/L / youning XZ®d: hs-
CRP=2.3+0.8 mg/L, p=0.00). Ot dv0o oundadeg dev Siépepav peta&d TOLC OGOV APOPA TO
COUATOUETPIKA YOPOKTNPLOTIKE, TO deikTn HAL0G CAONATOS, TO TOGOGTO MTOoVG, TN Ao pada,
v damm pdlo, ) poikn palo kebmg kot ) dvvaun xepoiafng Kot kato dakpwv. Emiong oev
EVTOTHGTNKOY S1OPOPES LETOED TOV OUAOMV GTI GLYKEVTIPMOT] ASVKOKVTTAP®V KOl TPOTEIVIKMOV
kapBovoriov. AvtiBeta, onuaviikéc SPOPEG EVIOMIGTNKAY GTI) GLVOAIKY OVTIOEEIOMTIKY)
wKavotTa, e v opada youning XE® va mapovotdletl Katd 60% vyniotepn avtioEeld®TiK
wovomta ond v opddo vynAng XED (p<0.05). Zvumepoocpotikd, 1 CLYKEVIPMOOT
AEVKOKVTTAP®Y Kol TPOTEWVIKOV KopPovOMv oAb kot T emimedo  OOvoung oOev
OLOLPOPOTOLOVVTOL UETOED NAIKIOUEVOV 0vOp®dVY e yaunin XE@ kot vynin XEO0. Qotodco, to

dropa pe younAn XZO yopoktnpilovtal amd vynAOTEPN OVTIOEEWDMTIKT IKOVOTNTA.

AEEEIG KAEWOLA: YpOVIOL GCLGTNIIKT GAEYLOVY], AELKOKVTTAPO, TPAOTEIVIKA KapPovOAta, HUIKN

dvvoun
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4.1. Eveayoy

e vy dtopa Tpitng NAIKING GUYVA TOPATNPEITOL 1] AVATTVEN YPOVING GUGTNUIKNG PAEYLOVIG
(XZD), n omoia yapoktnpiletar amd avénuéva emimedn TPO-PAEYLOVMON KLTTOPOKIVAOV GTNV
KUKAOQOpio Katd 2 £0¢ 3 pOpEC 6€ GYEON LE TIC PLGLOAOYIKES ToVg TIES [5]. H ekdnimon g
XEO® oamodidetanr ot poakpoypdvio KBECT) TOL GVOGOTOMTIKOD GUGTHLOTOS GE OVTLYOVA Kot
OTPEGOYOVOVE TOPAYOVTES (YNUKOVGS, GLGIKOVG 1/KOL 10 TPOPIKOVS) TOV GE GLVOLAGUO HE TNV
ONUOVTIKT] a0ENGN 6TO0 TPOCOOKIO (MNG TPOAYoLV TNV TOPATETAUEVT] EVEPYOTOINGT TOV
avocomomtikov [1, 4]. To @owvdpevo avtd otn debvr Piproypapio avoaeépetor
"inflammaging", Bacicpévo ota dvo cvvbetikd "inflammation" (= @Aeypovn) kou "aging" (=
yapavon) [4], evd yw ™ Sdyvomon tov ot kdpleg petofAntég mov afloloyovdvtar givar 1
OVLYKEVIP®OON TMV KLTTOPOKIVOV vteprevkivn-6 (IL-6) xor wrepievkivn-1 (IL-1), tov
napdyovta vékpmong 0ykov-a (TNF-a) kabng kot n cuykévipwon g C-aviidpmoag TpmTeiving
(CRP), oto mhdopa [5]. H XED amoteAel por amenTiky yoo v vyeio Katdotaon kabog n
Vmap&n g €xel ovvoebel pe v maBOYEVEST APKETMOV YPOVIOV OGHEVEIDV KOl YNPLITPIKAOV
ocuVOpOU®V O To petafolikd ocbvvopopo, o dwfntmg tomov 2, n abnpocokAnpmon, ot
KOPOOyYELOKESG KOl VEDPOEKPLMOTIKEG TToONGELS Kot 1) XpOVIOL aro@PpoKTIKY mvevpovomddeia [8,
10, 11].

2oppova pe ) Beopeio e "Hoplakng GAEYLOVIAS" TN YHPOVoT, 1 oTtoio avamtHYONKe GTIC
apyés g oekaetiag tov 2000 oamd tovg Chung wor ovvepydrteg [83], T wdtrapa Tov
OVOGOTIOINTIKOY GUVLTAPYOLVV GE £VOV QAVAO KUKAO HE OpaoTikd €idn o&vydvov kot almdtov
(AEOA) xatd tov omoio pio onuovtiky advénon ota teigvtaion mupodotel v avénuévn
KYNTomoinon ota TpmTa KaTtaAnyovtag oty epedvion g XZd. [To cvykekpipéva, n avénuévn
napaywyn AEOA A0ym tng yNpoveng 6€ GUVOLAGHO LE TN LELOUEVT] OVTIOEEIDMTIKY KOVOTNTO
ota dropa avtd, TPOKOAEl OLEWMTIKO OTPeC KOl OVENUEVO OEEWOMTIKO TPALUATIOUO CE
pakpopdplo 6Omwe to DNA, ot mpoteiveg kot ta Mmidia [7, 19]. Avto éxel og amotédeoua T
dwTapayf TS 0&E0avay®YIKNG 100PPOTiaG Kot TNV EvEPYOToinct tov puOlopevov amod v
o&edoavaymykn katdotaon petaypapikod mapdyovta NF-xB (nuclear factor kappa B) péow
TOVL 0ToiloV dleYElPETAL 1| EVEPYOTOINOT TPO-PAEYUOVAOON HOpi®V TNG GAEYUOVNG, KUPIMG T®V
kuttapokvav I1L-6, IL-1, TNF-o kot tng CRP [32, 84]. Kabmbg n dwadikacio TG GAEYLOVIG
eEedlooetal, avEAVETAL 1 KIVITOTOINGT TOV LOVOKVTTAP®V Kol LOKPOPAYy®V Ta omoia UE T

oelpd toug ekkpivouv mepartépw AEOA mapateivovtag e avtdv ToV TPOTO TOV GOVAO VT
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KOokAo [17]. Qotoc0, 1 cvykekpévn Bewpeion Poaoiletor kvpiwg oe gpevvnTikd dedouévol
TpogPYOUEVA OO HEAETEG GE TEWPAUATOLMO KO KOTTOPO, EVED 1 d1epeblvnon TG 6€ NMKIOUEVA
dropa eivar ehamig. Emiong dyvooto mopapével edv ta nAkiopéva atopo pe vynin XTd
TapoLSLaLovy  JPOPETIKG emineda 0EEOMTIKOD OTPES, OVTIOEEWOMTIKNG KAVOTNTAG Kot
KLTTAP®V TOL OVOGOTOUNTIKOV OO T, avTioTOlYa ATopa HE Younir XZD.

EmmAéov, epeuvnTikd 0edopéva VTOOEIKVOOUV OTL NAIKIOUEVO GTopo pe vynin XED
TapovctaLovy avéNUEVo Kivouvo Yo TaydTEPN Am®AELN LUIKNG LAlag Kot Svvaung Kabdg Kot yio
avantuén capromeviag [25-27, 69]. Zuykekpuuéva, o€ HEAETN GTNV 0010 GUUUETELYOV GUVOMKE
986 avopeg kot yovaikeg pe péon nAkio 74,6 £ dwmotmdnke 6t 6601 yapaxtnpiloviav omd
avénpéva emineda IL-6 koar CRP mapovsiacay kKatd 2 £0g 3 popég neyaldtepo Kivouvo andAELog
> 40% ¢ Wwikng tovg pdaloc tpio ypdvia apydTteEPO, GLYKPITIKG HE EKEIVOLG TOL
yapoktnpiCoviay omd YOUNAEC CULYKEVIPMOOEL, TOV GLYKEKPIUEVOV KLTTOPOKIV®DV [27].
[Tapopoimg, oe detypa 2177 nlkiopévov avopodv kot yovork®dv (70-79 étn) n vymAdtepn
ocvykévipwon TNF-o onv apykn pétpnon cuoyetictke te LeyalOTEPT] AndAELD LUIKNG LAlog
Kot duvaung mévie ypovia. apyotepo. [26]. Tap’ Ola avtd,  cOYKPIoN HETOED NAKIOUEVOV
atoOpmV pe yopmAn XEO kot vynin XZ@ og Aertovpyikd te6T SOVOUNG Ave Kot KAT® AKpmV dev
&xet dtepeuvnBet.

2VVENMG, 0 GKOTOG TNG CLYKEKPLUEVNC HEAETNG NTAV VO GLYKPIVEL NAIKIOUEVOLG AVOPES e
yopmAy XET® wor vymin XED: i) otovg OgikTeg TOL OVOGOMOWTIKOD GUOTHUOTOS: O)
AevkokbvtTapa, B) KOKKOKOTTOPO, Y) HOVOTLPNVA Kol O) Aepgokivtrapa, i) otov deiktn
ofeldmong TV TPOTEIVOV: TPOTEIVIKG KapBovOla, iii) oV ocvvolkn avTloEdmTIKN
KavoTNTO, TOV 0poYV, KOOGS Kot V) ot dvvaun Gve Kot Kato dkpov pécw a&loAdynong g

SOVOUNG YEPOAAPNG Kot TNG HEYIOTNG SVVOALNG GTO UNYAVIHO EKTACELS YOVAT®V, OVTIGTOLYOL.

4.2. M£00dog kot Awadikacio

4.2.1. Zoppetéyovreg

[Ma v e0peon eBehovtdv oy evplHTepPN TEPLOYN TS OeccaAiNG LOPAGTNKAY EVILEPOTIKA
QLAAASIOL KOL TTPAYLLOTOTTOMONKOY EVNUEPOTIKES OMIAMES o€ YDpovs Omov cvyvalovv dtopa
tpitng nhxiog (wy. K.AILH., kévtpa a0Anong kol avayovyng). H apywn tpodmddeon ftav ot
eBedovtég va etvanr dvopeg nlkiag 65-75 etwv. Ilepimov 55-60 eBehovtég mpoonibav ot
Y.E.®.A.A. tov I1.G., 610 ydpo Tov SMART Lab, 6mov copurAnp®caY VoV EVTLTO 1TPIKOD
10T0pKoy kot e€etdotniay eniong and wrpd. [pokeévou va copmeptineBodv ot perén, ot
eBelovtég Empene va TANPOHV TO TOPAKATO KPITHPLO: o) vo elvar pun Kamviotés, B) vo ivon

avedptntol otV KadnuepvoOtTTd TOVG, Y) VO UNV TAoYOLV amd OmoldNToTE Xpovia Thbnon
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(.. peTaPOAIKT), KAPOLOYYELOKT], VEDPOAOYIKY], AVOTTVEVCTIKT 1} VEQPPIKT), O) VO UMV TAGYOVV ad
QAeYLOVOOELS TaONoELS (Y. ooTeoapHpitidn, pevuatoeldns apbpitida), €) va unv tacyovy ond
dwaftn Tomov 2 Ko §) va unv ¥pNSILOTOo0V 1} £X0VV XPNCLOTOMGEL TPOCPOTO OVTIBLOTIKA 1
dAlov €id0Vg PUPUAKEVTIKA GKEVAGHATO TO. OToio, Bo popovoay vo, ETNPEAGOLV Ta. EMIMESL
GLOTNKNG QAEYHOVIG. AKOoAOVOmC, 33 €0ehoVTEG 01 0TTOi0l TANPOVGAV TO TOPATAVE® KPLTHPLOL
CLUTEPIAOONKAY TEMKE GTN LEAETT) KOl TPOLYLLOTOTTOIN GOV TPELG OKOUT) EMOKEYELS. 2TV TPAOTY
eniokeyn, vroPAnOnkav ce afloAdynon TV COUATOUETPIKMOV TOVS YOPOKTNPLOTIKMOV, TNG
oLGTOCTG CAOUATOG KOl TNG dOvVaUNG Gve Kol KAT® OKP®V. XTI EMOUEVES OV0 SL0OOYIKES
eMOKEYELS (L EBOOUAd LETA TNV TPDT ETIOKEYT]), 01 E0EAOVTEC TPOGEPYOVTAY VIPIG TO TPM®I,
HETO amd olovikTio, vnoteion kot vroPdAloviav oe o oapoinyio (~8-10 ml) yw tov
TPOGIOPIGUO TOV SEIKTMV TOL 0VOCOTOINTIKOV, TOV 0EEOMTIKOD GTPEC, TNG OVTIOEEWMTIKNG
wovottag Kot tov enmédov XED. H XED a&oroynOnke pe Baon tic tuég e hs-CRP (high-
sensitivity CRP), 6mov o pécog opog twv tipumv tg hs-CRP amd tig 6vo petpnoeig
YPNOLOTOWONKE G M TEMKY| TN Y1 TO KAOE ATOpO, KO 1] KATIYOplonoincn twv e0gAovidv o
"yaunAn" XZ® ko "vynAn" XED éywve g €€ng: "yaumAn" XE® = hs-CRP < 1 mg/L ko
"oymAn" XED = hs-CRP > 1 mg/L, odpugpwva pe mponyovuevn perétn [199]. Ou ebehovtéc
EVIUEPDON KOV TANPOG Y10t TOV GKOTO TNG GLYKEKPYEVNG LEAETNG AAAG Kot Y10, TOL TOAVA OPEAT
amd TN GLUUETOYNG TOLG KOl OTN CLVEYELD VIEYpayoY Evtumo cvvaiveons. H pedén éhofe

éykpion and v Ecwtepikr| Emtpon| Agovtoroyiag tov Iavemotpiov Osccoiiog.

4.2.2. AMwdkacio pétpnong

2 OUOTOUETPIKG. YOPOKTHPLOTIKG. KOl ODOTACH GOUOTOS. T0 cOUATIKO BApog Kot VYog TV
ocvppeTEXOVIOV petpndnke pe akpifeia poov kihod (0,5 Kg) kot piood ekatootov (0,5 cm)
avtiotolyo, g unyavikd {uyd ue avaotnuouetpo (Beam Balance-Stadiometer, SECA, Vogel &
Halke, Hamburg, Germany). Ot e&gtalopevol gopavTag EAAPPD POVYIGUO KOl X®PIc TamovToto
mpaypoatoroincov v pétpnon and opha Béon oto k€vipo tov LYoV, £XOVTOG TIG PTEPVES
evoPEVES Ko To TEARaTA Vo oynpatilovy yovia mepimov 60°, cOLEmVA Le TPONYOOUEVT] LEAETT
[171]. H ovotoon ocdpatog a&lohoyninke oe Unyavnuo SImANG EVEPYELNKNG AITOPPOPTONG
aktvaov X (DXA, GE Healthcare, Lunar DPX NT, Diegem, Belgium), pe tov e&gtalouevo oe
Eamlmtn 0éom, OmC £xel TEPLYpaPel o Tponyoduevn peiét [172].

Advoun avew xor kdtw dxpwv: o v a&oddynon g dbvaung dve akpmv petpriinke M
UEYIOTN SOV YEPOAAPNG LE TN XPNoT POPNTOV VIPOLALKOD YEpodLVapOUETpOL Jamar (Jamar
5030J1, Jamar Technologies, Horsham, Pennsylvania, USA). Ot doxiualopevol ektélecay v

pétpnon anod Kabiot 0o, pe tov aykmva va oynuatifel yovio 90° kot Tov Kapmd 6 0vdETEPT
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0éomn kpatwvtag to duvouduetpo otn 0éon 2 [200]. Anod avtr ™ Béon mpaypatomomOnkay 3
npoondfeie oe KAbe yépt pe owAeupo 60 devteporémTmv, OTOL TNV KAOE Tpoomabeln
EKTEAEOTNKE LEYIOTN ICOUETPIKT] GUGTOCT] Y10 S dELTEPOLETTA. ¢ TEMKN EMIDOOT| KATAYPAPNKE
N peyolvtepn tiun o€ yloypappo (kg). H a&lordynon g dvvaung tov Katm dkpov ektiumonke
péow g extéreong 10 péyotov eravoarnyewnv (10 ME) oto unydvnua éktaong yovatwv. Ot
e€etaldpevol, Hetd amd KOTAAANAN TPOOEPLOVOT EKTEAOVGOY TO TPMOTO GET KOl GE TEPIMTMON)
mov Ntav oe Béomn vo ekteEléoovv meplocoTepec amd 10 emavaAqyels, o €EETOCTNG TOVG
OTOUOTOVGE Kot TOVG £5wve dtbdetppa 2 Aentov. Enerta av&avovioy to KIAG Kol ETYEPOVCAV
deutepn mpoomdbela. Av kot whA MTov oe Béon vo ekteEAécovy meplocotepeg amd 10
emovaAyeLs, o eetaotg emavaAidpupove v i dwdikacia. H dwadikasio avty cuvepldtav
péxpr ot e€etalopevol va ektedécovy 10 péyioteg emavoinyels (mepimov 3-4 oer).

Awolnyies ko1 dwayeipion twv deryudrowv: Xe ke opoinyio Aappdvoviav 8-10 ml
aptpoerePucod aipatog and 1 pecofaciikn eAEPa Ko evd o eEgTaldpevog Pplokodtay oe
kabiotn 0éon. Iepimov 2 ml droxetedovtav e cowrnva pe avrrnktikd (EDTA) kot 6t cuvéyeia
tonobetovvov otov avtouato ovaivth aipatog (Mythic 18, Orphee SA, Geneva, Switzerland)
v va Tpaypoatoronfet 1 yevikn avdivon aipatog. To vrorowta 6-8 ml popaloviav oe dvo
COANVAPLL LE KEVO aEPOG, Ta omoia apépevay Yo 20 Aentd og Beppokpacio dopatiov kot o
cuvégelr puyokevipovviav ot 3500 otpopég yio 10 Aemtd otovg 4°C. Apéowmg petd
QLYOKEVTPNON TO VTEPKEILEVO VYPO (0pOC) GLAAEYovTOV Kol HOPalOTOV GE COANVAKLL
eppendorf ka1 otn cuvvéyelo amobnkedovtay otovg -80°C, yia TV avalvoT TOV TPOTEIVIKOV
Kappovodimv, Thg cuVOMKNG avTloEE®TIKNG tkavotTog Kot tng hs-CRP.

Tpwrteivika kapPovoiio: ot pHé€Tpnon tov TpoTeivikdv KapBovolMmv tpaypotoromdnke
N Broynukn avtidpaon tov KaOe deiypartog pe 2,4- dinitrophenylhydrazine (DNPH) mov enéopepe
™ petatpomy tov oe 2.4-dinitrophenylhydrazone (DNP-hydrazone). O mpocdiopiopodg g
ocvykévipoong tov 2,4- DNP-hydrazone, mpaypoatomrombnke pe ™ pérpnon mge amoppoenons
oV kGBe Oetypatog oto PoToNETpO, ot 375 nm. H 1ehkn cvykévipmon Ttov TpOTEIVIKGOV
kappovoriov vroroyilotay copupava pe mv e&icwon: PC (nmol/mL) = (Absseiyua — AbSwenrs) /
0,022 x 1000/50 [201].

2vvodikn avrioeidwtikn 1kavotyro: H ouvolkn avtiofedmTiky] Koavotnto Tov opov
aglohoynOnke pécw g PoynUikng avtidpaong TV avtioEEOTIKOV GUGTATIKMOV TOV 0poD LE
™ piCa 1,1-diphenyl-2-picrylhydrazyl (DPPH), kotd tv omoia ta ovTioEEdmTIKA SpovV G SOTEG
VOPOYOVOL TPOKOADVTOG TNV AvVOy®yn TG SuYKekpuévng pilag, Hetdvovtag pe avtd Tov TpOTo
M ovykévipoon . H tedikn ovykévipwon g pilag DPPH vrmoAloyiotnke petpovtag v
amoppdenon tov deiyparog ota 520 nm. Ta arotedéopata ekppdomkav og umol DPPH mov
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kabapiotnrav avéd ml opov, ypnoiponowdvrog v e&icmon: [(%Abs peiwong / 100) x 50 x 50] /
100 [201].

hs-CRP: Ilpayuatorombnke mocotikry avaivon g hs-CRP otov 0po, pe ™ pébodo g
BoAoGETPIKNG OVAALGNG EVIGYLUEVNG e TN xprion copotdiov AdteE (CRP LX High Sensitive,
Cobas®), oe avaivty Cobas Integra 400 plus (Roche). To kat®tato 6plo aviyvevonc e
avaivong nrav 0,1 mg/L kot 0 cuvteAeotnc StokdUAVONG HETAED TOV OvaADGEOY NTav pia

tomikn andkiion (1 SD) [199].

4.2.3. Ztatiotikn avdivon

O éleyyog g KovoviKOTNTag TOV dedopévav Tpaypotoromdnke ue Baon to Shapiro-Wilk
teot. ['a ) diepedivnon tov dtoupopdv petald Tov 6vo opad®v (YapnAn XZ® kot vynin XE0)
oTig e€aptnuéveg petafintég ypnoomombnke to T-Test yio aveaptnta deiypata. To uéyebog
g enidpaong (M1E) kabdg ko ta dwwotipota gumiotoovvng (AE) yw tic e&optnuéveg
petofAntég vrodoyiotkav pe ™ pébodo tov Hedge’s g. To M1E yapaktnpiotnke og kavéva,
pikpo, pecaiov peyébovg ko peydrio yo tuég 0.00-0.19, 0.20-0.49, 0.50-0.79 xor > 0.8,
avtiototya. To eninedo onpavtikdmrag opictnke oto P<0.05. Ola ta dedopéva mapovstalovtat
¢ LEGOG Opog £ TumiK amdkAon. [a T1I¢ 6TATIOTIKES AVAADGELS XPTGLLOTOONKE TO GTATICTIKO

nokéto SPSS 20.0 (IBM SPSS Statistics).

4.3. AnoteléopaTo

Ta meptypaeikd yopakTPloTikd Tov 6v0 opddwv mapovcsidlovtal otov Ilivaxa 4.1. Ot dvo
OULAdES OV DEPEPAV LETAED TOVG GTO. COUUTOUETPIKA YOPUKTNPLOTIKE KOl GE TOPAUETPOVS TNG
oLGTAOTG GOUATOG. 26TOG0, CNUAVTIKN NTAV 1] d10Popd TOVG 6T nimeda XED pe v opdda
VYNANG XED va mapovotdlel oxeddv kotd 3 popés vyniotepeg tinég hs-CRP cuykprtikd pe v
opdoa younAng XZO (yopnin XZ@: 0.6+0.1 / vynin XE0: 2.3+0.8, p=0.00, MtE=2.86, AE=-

3.84, -1.89).
Hivoxog 4.1. Tleptypagikd yapaxTploTiKd TV V0 OUASMV.
Hapdpetpog Xopnin XZ® (N=16) Yynii XXD (N=17)
H\ikio (6tn) 69.1£2.8 68.8+2.9
Zopoatikd vyog () 1.70£0.07 1.72+£0.05
Sopatko Bapog (Khd) 81.4+7.6 84.7+55
AME (kA8/p?) 26.92+2.77 27.86+2.51
Awmddng pata (Kihd) 23.20+6.26 25.54+£3.14
Aimog (%) 29.41 £4.14 3125+ 1.72
Adlan palo (Khd) 56.89 +4.26 57.70 £ 4.35
Mk pélo (KAb) 53.86 = 4.13 55.12+5.11
Muikf paga dxpov (KiLG) 23.32+243 24.15+1.83
Agixtng poikic pédog (kihd/p?) 8.03+0.78 8.11+0.64
hs-CRP (mg/L) 0.6+0.1 2.3+0.8*

* . Yrnodnidvel onpavtikn ooeopd peto&d tomv opadov, p < 0.01.
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Ta omoteléopota £0e1&av 0Tt otnv afloAdynon ¢ dvvaung, tOco ot HéEyletn dHvaun
yerporaPng (1(30)=1.139, p>0.05) 6co kar otigc 10 ME kdtem dkpov 610 pnyavnuo £KToong
yovatov (1(30)=-0.526, p>0.05), dev vanp&av GTATIGTIKG GNUAVTIKES SL0POPES LETAED TV GVO

opadwv (Zynuo 4.1).

Iypa 4.1, 10ME kdto dxpov oto punxdvnuoe ektdoelg yovatov (1A) kot uéytotn dovaun
yewporapng (1B) otig dvo opddes.

Eniong and ) cvykpion tov opddwv younin XE® kot vynin XED g mpog Tov deikTeg TOV
OLVOGOTONTIKOV GULGTIUOTOS OOMIGTOONKE OTL OV VINPYE OTATIOTIKA CNUOVTIKY Slopopd
peta&d tovg ota enineda Asvkokvttapmv (1(30)=-1.088, p>0.05), kokkiokvttapwv (1(30)=-0.963,
p>0.05), povomdpnvev (t(30)=-0.916, p>0.05) kot Aepgokvtrdpwv (1(30)=-0.433, p>0.05)
(Expa 4.2).
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Tyfqna 4.2. Tuotnuikd enineda Agvkokvttdpov (2A), Kokkiokvttdpov (2B), Agppokuttdpmov
(2I') ko Movomopnvav (2A) otig dVo opdde.

And ™ obykpon TV dV0 OHAd®MV Ge OeikTeg 0EEWMTIKO GTPEG KOl OVTIOEEWMTIKNG
KOVOTNTOG, TPOEKVYE OTL N GLYKEVIPWOOT TPOTEIVIKGOV KapPovuriov dev diépepe petald Tmv
opadwv (t(28)=0.334, p>0.05), ®o610060, 01 VO OUAdEC TOPOVGIAGAV GNUAVTIKY dAPOPE GTN
GLUVOMKT OVTIOEEWDMTIKTY KOVOTNTO TOL 0pov, HE TNV opdda yapnAn XED va mapovcstalet
vyNAOTEPT aVTIOEEWBMTIKY kavoTNTa amd TN opade vynin XXId (t(28)=-2.275, p=0.03,
M1E=0.96, AE=0.24, 1.69) (Zynua 4.3).

Xympe 4.3. Zuykévipoon Tpoteivikdv kapPovoiimv (3A) kot GLVOAKN avTIOEEWDMTIKY KAVOTNTO
(3B) otig dvo opddec.
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4.4. Tvlnton

2N ovyKekpévn pehétn egetdotnke N VIOPEN SPOP®OV HETAED NAMKIOUEVOV OVOP®V LE
YOUNAn kot vynAn XED, og 0elKTeC TOV OVOCOTOMTIKOD GULGTHUATOG, OEEOMTIKOD OTPEG,
avTIOEEWMTIKNG IKOVOTNTOS Kot TG OOVOUNG TOV Gve Kot KAt dkpov. ['a to okond avtd
mpaypoatortomOnke Proynuikn afloAdynon vy Tov TPOCOOPIGUO TNG CLYKEVIPMONG TMV
AEVKOKVTTAP®Y, TOV KOKKIOKLTTAP®VY, TOV HOVOTOHPNVOV Kol TOV AEUQOKVLTITAP®V GTNV
KuKAoQOopio. KoOMG Kol NG CLYKEVIPMONG TPOTEIVIKOV KOPBOVOAIOV KOl TNG GLVOAIKNG
avTIOEEWMTIKNG IKOVOTNTOS 6TOV 0p0. Ocov apopd T dvvaun, a&lohoyndnke n Hé€yotn sV
xeporafnig kot ot IOME ota kdtw dkpa oto punydvnua éktaong yovdtov. Ta aroteAéopata g
LEAETNG VTOOEKVVOVY OTL NAMKIOUEVE dTtopa pe younin XE@ kot vymin XE@ mopovcidlovv
TAPOUOL. GUYKEVIPMOT AEVKOKLTTAP®OV, 0EEWOMTIKOD GTPES Kol dVVAUNG, WOTOGO EKEIVOL LE
younAn XZO yapoktnpifovrol amd vYnAOTEPN AVTIOEEIOMTIKY IKOVOTNTA.

Ol GUUUETEYOVTEG OTN TOPOVGO UEAETN Sloy®pioTnKay OTIS dLO OpAdeS, YounAn XED Kot
vyniy XZD, ocdugpova pe ta eminedo ™ hs-CRP otov opd. O cuykekpipévog deiktng
CLOTNIKNAG PAEYUOVIG Bewpeitarl évag £ykvpog kot a&lomiotog deiktng XED [179] ko &xet
ypnoporombel oe apKeTEC HEAETEG TPOKEYEVOL VO KOTNYOPLOTOMGEL NAKIOUEVO ATOUOL LE
Baon ta emineda preypovig [170, 199]. Ot dvo opddeg TopovGiocay TUPOUON COUATOUETPIKA
YOPOUKTNPIOTIKA Kol GUGTACT] GOUATOS, YEYOVOS TOL LIOONAMVEL OTL TO delypa NTOV OpPKETE
OLO0YEVEG KOl J1EPEPE LOVO MG TTPog ta eminedo XED. EmmAéov, cOpemva pe to Kprtiplo Tov
Moaykéouov Opyoviopot Yyeioag (WHO) yo tqv moyvoapkio kot pe Bdon tig Tyég too AMX
TOV CLUUETEXOVTOV, TO ATOLO TOV OVO OLAOMYV KOTATAGGOVTOL OG UN-TToYVCAPKA, KATL TOV givat
ONUAVTIKO YloL TNV EPUNVEIL TOV OMOTEAEGUATOV NG OSLYKEKPUEVNG pHeAétng. H vmapén
nayvoapkiog £xel ouvoedet pe v avantuén XX, 1 onoio dpmg opeidetan KaTd KOPLo AOYO GTO
Mraddn 1016 (petaforkn eAeypovn) [8, 16], kot Oyt oamokAEloTIKG GTH YPAVGT TTOL Eival Kot O
GKOTOG TNG TOPOVGOG LEAETNG,.

Méypt onjuepa, n a&oddynon g vmapéng XED aAAd Kot 1 GVYKPIOT TOV EMTEIOV TNG
petad nAkiopévev atopov Pacifetot Kotd Koplo Adyo otn pétpnon tov kvuttapokvav 1L-1,
IL-6, TNF-a kot tng C-avtidpmoog mpmteivng [25-27, 170, 199]. Agv vdpyovv peréteg mov vo
e€etalovv edv M avénon oto emimedd TOV KLTTAPOKIVAOV GLVOOEVETOL OO OLENUEVT
GLYKEVIPMOOT] AEVKOKLTTAP®V Kol TV VITOTANOVGUOV TOLG 68 NAMKIopéve dropo pe XXD. H
KLYNTOTOINoN TV AEVKOKLTTAP®OV G€ GLVONKEG 0&eing PAEYLOVIG, OTIMG 1] ACT)TTTT PAEYLOVT TOV
TpokaAeitan amd TNV doknon, elval QUEST Kol 1| GUYKEVTPMOGT] TOVG TNV KLKAOQOPIa TOPAUEVEL
avénuévn vy 24-48 dpeg [202]. Ta kokklok\TTOPW, TO 0TOI0 ATOTEAODVTAL OTO OVIETEPOPIAQ,
Bacedolo kot noowoPira, avédvovtal emiong apécms petd and doknon Adyw g vmapéng
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Gonmtng eAeypovig kot mopouévouy avénuévo émg kol 48 mpeg petd [203]. Qotdoo, otnv
TOPOVCO, LEAETT OEV TTOPOTPNONKOV O10POPES GTOL AEVKOKVTTOPO KOl TOVS VITOTANOVGHOVS TOVG
petald v opddwv younin XE® kot vynin XE®, vwodelkvoovtag 0Tt To GUYKEKPIUEVE KOTTOPO
TOV OVOGOTTOMTIKOD ToPOoVStdlovy dlopopeTikd pHoTifo evepyomoinong oe ovvOnkeg o&elag
QAeyLOVIG Ko XED.

H exonlwon XEO oce dropa tpitng nAkiog £xel amodobel otn HEI®UEVN OVTIOEEWOMTIKY
wKovotnta Ko otnv avénuévn mapoywyn AEOA mov €xouvv ®¢ omoTéAesUo TV TPOKANGN
0&eB®TIKOD 0TPeG KOl 0EEWBMTIKOD TPAVUATIONOL o€ TpwTeiveg, Mmidia kot DNA [7, 19]. H
TOPOTETOUEVT]  avENON  oTa  eMimedn  OEEWOMTIKOD oTpeg odnyel o€  Olatopayn NG
0&e10avay®YIKNG 160pPOTiOG Kot TNV EMAKOALOVOT EVEPYOTOINGT TOV UETAYPAPIKOD TOPEYOVTQ
NF-«B o omoiog e TN GEpd TOL JIEYEIPEL TV EVEPYOTOINGT TTPO-PAEYLLOVDOT KUTTOPOKIVAOV KOl
¢ CRP [32, 84]. Mg avt6 tov tpomo eEgdicoetat 1) Stadikooio TG GAEYHOVAG, KOTA TNV 0moia
To povokOTTOPQ Kot pakpopdya ekkpivovv mepartépm AEOA dnuovpydvtag €16t Evav eavro
KOKAO 7OV €XEl ©OC OMOTEAEOUO TNV HoKpoxpoOvie, ekdnAmon ¢Aeypovig [17, 83]. Xt
CUYKEKPIUEV] UEAETN M OLYKEVIP®ON TPOTEVIKOV KopPovodiov, mov omoteAel Oeikn
0&eldmong TV TPOTEIVOV, Tay TapoOUole ot dtopa Pe YounAn XE® kot vynin XEO0. Qotoco,
ot dvo opdodeg OEPEPAV CNUAVTIIKE HETOED TOVG OGOV OPOPE Tr GUVOAKI OVTIOEEOMTIKN
KovoTnTa, pe v opdoa yaunAng XE® vo mapovcstalet kotd 60% peyadldtepn avTloEEO®TIKN
KAvOTNTO GUYKPLTIKE pe TNV opdda vynAng XED. To cvykekpluévo evpnua eival 6€ GLUPOVIN
pe TPOoEATN HEAETN M oTtoia £0€1EE OTL TO NAIKIOUEVO ATopa pe YaunAn XED tpociappdvouvv
peyoAOTEPES TOGHTNTEG AVTIOEEWMOTIKOV PLrapivddv PEcm TG TPOPNS Kot glval mEPIGGOTEPO
dpaoThpla KaTd TN SLAPKELN THG NUEPAS, CLYKPLTIKA e ATopo idtag nAtkiag pe vynan XED [199].
Enopévmg, 1o mapoamdved €upiuate amodEkvOouy MG 1 SlTpnNon TNG AVIIOEEIOMTIKNG
wKavoTNTOG, HEC®  EMAPKOVS MPOCANYNG  OlUTNTIKOV — OVTIOEEWDOTIKOV KOl (QUGIKNG
dpactnplo TS, umopel va tpordfet v ekdnAwon XZD ota dtopa tpitng nikiog.

[Tponyovpeveg HEAETEG £YOVV CLGYETIOEL TO EMMEON GLGTNUIKNG PAEYLOVIG GE NAIKIOUEVOL
dropo pe v ammAELo PLikNg dvvaung [25-27]. TTo cvykekpuéva, dropo pe ovénpévo, enineda
CRP 7/xat mpo@Aeypovmdn kuttapokivav émwg 1 IL-6 kot o TNF-a, Ttapovoiacay katd 2 Eog 3
QOpPES UEYOADTEPT] amMAEl dvvaung ota emdpeva 2-5 xpovia, TOGO oTn PEYIeTN dhvoun
xewporaPng [27] 6c0 kot ot dvvaun kdto akpov [25, 26]. Tmv mapodoa peAETn ®6TOGO,
ovykpivovtag 1N péytomn ovvaun yewporafrg kol tig 10ME kdto dxpov petald tov opddowv
younA XED@ ko vynAn XEO, dev eVIOTIOTNKAY GTOTIOTIKG ONUOVTIKEG dtopopés. H ammAeia
LiKkNG duvaung g amotédecua g XZD oiveTol TG EXEPYETAL LECH TNG TPOKAAOVUEVNG Oltd
™ XZO andAielo poikng palag [25, 69]. Zopewva pe Tpodc@atn ovackomikny perétn, n XTd
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UTOpEL VoL 001 YNOEL G€ AMMAELN LVTKNG LALOG KO AEITOVPYIKNG IKOVOTNTOC, £ite HECM avENOMG
™G TPOTEOALGNG EVEPYOTOLDOVTAG TO GUUTAOKO TOL TPMTENCMOUOTOS, £ite oW PelONS TG
SVVATOTNTOG EVEPYOTOINONG TV GNUATOSOTIKAOV TPOTEIVAOV OV ETAYOLV TNV TPOTEIVOGVUVOEST
010 o [69]. Eropévmg, To yeyovag 0Tt 01 600 OUAGES GTI TOPOVGO LEAETN OEV SIEPEPAV MG TPOG
TOL EMMES QL SVVAUNG AVD KO KAT® AKpwV, Umopel vo amodobel 6To Ot dev eviomioTnKAY LETOED

TOVG OPOPEG OTN HVTKT padal.

4.5, Tvunepdopoato

SOUTEPACUATIKG, TO EVPTLOTO TNG TAPOVCAG LEAETNG VTTOOEIKVDOVY OTL NAMKIOUEVA (TOLLOL LLE
younA XEO kot vynAn XED doev Stopépovv UETOED TOVG OC TPOG TO. CUOTNIKG ETITESN
AEVKOKLTTAP®V KOl 0EEIOMONG TOV TPOTEIVOV, MGTOCO Ol GUUUETEYOVTEG UE Yaunin XZO
TOPOVGIALoOVY  UEYOAVTEPT] OVTIOEEOMTIKY] wKovotTnTe, omd ekeivoug pe vynin XEO. H
GLYKEVIPMOOT] TOV AEVKOKLTTOPMV Kol TOV VITOTANOVGUOV TOVS 6TV KLKAOQOpia aiveTal 0T
dgv emmpedaletal and v avdrtuén XXO. Avtifeta, 1 KOAVTEPN OVTIOEEWMTIKY] KOVOTNTA
eneavileTon MG OMOTPENTIKOC TOPAYOVTOS Yo TNV ekdNAmon XED. EmumAéov, dtopa pe younin
kot vymAn XZED dev moapovotdlovv Sla@opég otn SVVOUN AVE Kol KOT® GKPp®V £pOGOV

TapovGtalovy mapopol enimeda LOTKNG HAlogs.

4.6. Znpoocia yro Tnv mworotnto. {mg

H ekdnlwon ypdviag GuGTNUIKNG GAEYIOVIG oTa dTopa Tpitng nAkiog elval o ometinTikn
v v vyeio katdotaon kaBOTL cvvdéetor dueca pe TV TABOYEVEST OPKETMOV YPOVIOV
acHEVELDV KL YNPLOTPIKAOV GUVOPOU®V, CAAL KOL LE TNV OTOAELN LVTKNG LAL0G KOl AEITTOVPYIKNG
wavottoag. Ola ovtd cuvendyovrol Ty emdeivoon g moldttog (NG aVTOV TOV ATOU®V
&yovtog mapaAAnio cofapd AVIIKTLUTO GTNV OWKOVOULKY] TOVG KoTdotacot Koot avEdvovio
onuavtikd to €£oda voonieiag. H diatnpnon g avtioedmTikng ikavdtntog [e TNV avEnom e
nixiog elvarl évag onUovtikdg Topayovtog mov Umopel vo TpoAdPel tnv eKONAmon xpoviag
CUCTNIKNG  QAEYUOVIG KOl  EMTUYYXAVETOL HECH EMOPKOVG TPOGANYNG  SOUTNTIKOV

AVTIOEEWMTIKAOV KOl PUGIKTG OPAGTNPLOTTOGC.
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CHAPTER 5

Unpublished data:

Results related to inflammaging, proteasome-mediated proteolysis and anabolic resistance
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5.1. Inflammaging and proteolysis via the ubiquitin-proteasome system
5.1.1. Variables measured in skeletal muscle

Proteasome activity and protein levels: The proteasome is the main proteolytic system in

skeletal muscle composed by 7 a- and 7 B-subunits. Three of the proteasome B-subunits, B1, f2
and B5, and the corresponding immunoproteasome Bi-subunits, B1i, f2i and B5i, are responsible
for the proteasome proteolytic activities caspase-like (C-L), trypsin-like (T-L) and chymotrypsin-
like (CT-L), respectively [204]. The proteolytic activities T-L and CT-L were measured though
a specific proteasome peptidase assay while protein expression levels of proteasome (p5) and
immunoproteasome (Bli, B2i and B5i) subunits were measured using immunoblot analysis

(western blotting) as described previously [172].

Protein oxidation: Oxidative protein modification was evaluated by measuring the formation

of protein carbonyl and 3-nitrotyrosine groups in skeletal muscle. Protein carbonyl groups were
detected via immunoblot analysis (western blotting) using the OxyBlot Kkit, whereas 3-

nitrotyrosine groups were detected via immunohistochemistry.

Phosphorylated IKKa/B: The IkB kinase (IKK) is a protein complex composed by two
catalytic subunits a and B (IKKa and IKKP) and a regulatory subunit y (IKKy) [32].
Phosphorylated IKKa/p (activated) results in degradation of the inhibitors of NF-kB (1kxBs) and

activation of the NF-xB [32]. Phosphorylated levels of IKKa/p were detected using

immunohistochemistry.

Nuclear-erythroid factor 2 (Nrf2): Nrf2 is a transcription factor that mediates adaptive

responses to cellular stress and regulates the antioxidant response system protecting cells from
oxidative stress [204]. Upon activation, Nrf2 is translocated into the nucleus and results in

proteasome activation [204]. Nuclei levels of Nrf2 were detected using immunohistochemistry.

Heme Oxygenase 1 (HO1): HO1 is positively regulated by Nrf2 under conditions of oxidative

stress, protecting against oxidative damage and ensuring cell survival [205]. Protein expression

of HO1 was measured using immunoblotting (western blotting).

5.1.2. Results

Proteasome activity and protein levels: At baseline, the two groups differed significantly in
CT-L proteasome activity with HSI eliciting higher activity than LSI by almost 40% (HSI: 256.9
+ 86.5 UF vs LSI: 185.6 + 51.0 UF; P = 0.044; ES: 0.99; 95% CI: 0.00/1.97) (Figure 5.1A).
Moreover, a Pearson correlation analysis revealed that baseline levels of CT-L activity are
significantly correlated with levels of hs-CRP (r = 0.576; P = 0.010) (Figure 5.2A). At 3h

62

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



following protein supplementation, CT-L activity increased in both HSI (P = 0.015; ES: -1.18;
95% CI: -2.24/-0.11) and LSI (P = 0.001; ES: -1.74; 95% CI. -2.77/-0.71) by 44% and 86%
respectively (Figure 5.1A). Although the rise in CT-L activity was greater in LS| by 42%, no
statistically meaningful differences observed between groups. By performing a longitudinal
analysis of both groups we observed that the rise in CT-L activity following exercise was
inversely correlated with levels of CT-L activity at baseline (r =-0.616; P = 0.006) (Figure 5.2B).
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Figure 5.1. Changes in Chymotrypsin-like (A) Figure 5.2. The correlation of baseline
and trypsin-like (B) proteasome activity in HIS Chymotrypsin-like activity with hs-CRP levels (A)
and LSI. and percent change of chymotrypsin-like activity

following protein ingestion (B).

No differences observed in T-L proteasome activity between HSI and LSI (HIS: 388.9 + 173.0
UF vs LSI: 452.4 + 198.8 UF) at baseline (Figure 5.1B). T-L activity increased by 24% in HSI
and by 38% in LSI at 3h following protein supplementation, however only the rise observed in
LSI was statistically meaningful (P = 0.049; ES: -0.88; 95% CI: -1.85/0.09) (Figure 5.1B).

Protein expression levels of the catalytic immunoproteasome subunits £1i, £2i and £5i, and the
proteasomal A5 subunit remained unaltered following protein supplementation in both groups
(Figure 5.3). No group differences observed at any time point.
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Figure 5.3. Changes in the expression of proteasome and immunoproteasome /-
subunits in HSI and LSI.

Protein oxidation: Concentration of protein carbonyl groups at baseline was higher in HSI
compared to LSI by 47% (HSI: 23.5 + 6.2 vs LSI: 15.9 + 7.6; P = 0.026; ES: 0.79; 95% CI: -
0.20/1.78) (Figure 5.4). In HSI, protein carbonyl concentration declined by 31% at 3h following
protein supplementation (P = 0.025; ES: 1.23; 95% CI: 0.16/2.29), whereas in LSI it remained
unaltered (Figure 5.4). No differences observed among groups at 3h post-supplementation (HSI:
16.2 + 4.3 vs LSI: 14.7 + 4.0) (Figure 5.4).

Figure 5.4. Changes in protein carbonyl groups in HSI and LSI. * Indicates significant
difference from baseline, p<0.05, # Indicates significant difference between groups, p<0.05.
3-Nitrotyrosine levels were unchanged from basal in both groups, independent of muscle fiber
type (Figure 5.5A-C). In addition, no group differences observed in 3-nitrotyrosine levels at any
time point. However, in both groups, there was a significantly higher concentration of 3-
nitrotyrosine in type Il compared to type | muscle fibers both at baseline (HSI: P = 0.000; ES: -
2.07; 95% CI: -3.29/-0.86 and LSI: P = 0.000; ES: -1.86; 95% CI: -2.91/-0.81) and 3 hours after
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protein supplementation (HSI: P =0.001; ES: -2.65; 95% CI. -4.08/-1.21 and LSI: P = 0.000; ES:
-1.65; 95% ClI: -2.67/-0.64) (Figure 5.5D).

Figure 5.5. Changes in 3-Nitrotyrosine levels in HSI and LSI. 3-Nitrotyrosine levels in type | muscle fibers (A), type
11 muscle fibers (B), mixed fibers (C) and comparison of type | vs type Il fibers (D) between HSI and LSI. * Indicates
significant difference between type | and type I fibers, p<0.05.

Phosphorylated IKKa/B: At baseline, HSI demonstrated significantly higher amount of
phosphorylated IKKa/p protein by 37% as compared to LSI (HSI: 14.69 +£3.2 A.U. vs LSI: 10.70
+3.1 A.U.; P =0.044; ES: 1.18; 95% CI: 0.01/2.36), whereas no group differences were detected
at 3h post-supplementation (HSI: 11.77 &+ 3.2 vs LSI: 10.20 £ 2.6) (Figure 5.6). Phosphorylation

of IKKa/p following protein supplementation was not statistically changed from baseline in either

group, despite a 20% reduction observed in HSI (Figure 5.6).

Figure 5.6. Changes in phosphorylated IKKa/B in HSI and LSI. # Indicates
significant difference between groups, p<0.05.

65

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Nuclear-erythroid factor 2 (Nrf2): Nuclei levels of Nrf2 were equal among groups in both the

basal state (HSI: 42.44 + 7.8 vs LSI: 38.90 + 6.5) and following protein supplementation (HSI:
44.65 + 5.9 vs LSI: 49.73 £ 10.6) (Figure 5.7). At 3h of the postprandial period, a significant rise
of the Nrf2 nuclei levels was observed only in LSI by almost 28% (P = 0.012; ES: -1.15; 95%
Cl: -2.28/-0.02) (Figure 5.7).

Figure 5.7. Changes in nuclei levels of Nrf2 in HSI and LSI. * Indicates
significant difference from baseline, p<0.05.

Heme Oxygenase 1 (HO1): Heme Oxygenase 1 (HO1) protein was comparable among groups
in both time points (Pre: HSI: 0.43 + 0.18 vs LSI: 0.43 = 0.19; Post: HSI: 0.44 + 0.15 vs LSI:
0.42 + 0.19) and remained unaltered from baseline independent of group (Figure 5.8).

Figure 5.8. Changes in Heme Oxygenase 1 in HSI and LSI.

5.2. Inflammaging and anabolic resistance
5.2.1. Variables measured in skeletal muscle

Ribosomal protein S6 (rpS6): rpS6 is a downstream mediator of the Akt — mTOR signaling

cascade that upon activation enhances translation initiation leading to increased protein synthesis

[206]. We measured levels of phosphorylated rpS6 using immunoblotting (western blotting).

Ribosome biogenesis: Ribosome biogenesis is the process characterizing the synthesis of new

ribosomes and regulates the translational capacity [206]. The expression of the upstream regulator
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of ribosome biogenesis, c-Myc and phosphorylation state of the transcription initiation factor 1A

(TIF-1A) were tested using immunoblotting (western blotting).

Amino acid transporters: The activity of amino acid transporters in skeletal muscle regulates
the availability of amino acids and therefore is crucial for muscle protein synthesis [207]. Protein
expression of the amino acid transporters, L-type amino acid transporter 1 (LAT1) and sodium-
coupled neutral amino acid transporter 2 (SNAT2)/SLC38A2, was measured using

immunoblotting (western blotting).

5.2.2. Results

Ribosomal protein S6 (rpS6): Phosphorylation of rpS6 was significantly increased only in LSI
following exercise and protein ingestion by 1.5-fold (P = 0.001; ES: -1.44; 95% CI: -2.48/-0.41).

Moreover, at 3h following protein ingestion phosphorylation of rpS6 was greater in LS| compared
to HSI (HSI: 1.3 £ 0.4 fold change vs LSI: 2.5 = 1.4 fold change; P = 0.030; ES: -1.08; 95% CI:
-2.09/-0.06) (Figure 5.9).

Figure 5.9. Changes in phosphorylated rpS6 in HSI and LSI.

Ribosome biogenesis: c-Myc protein expression remained unchanged in either group

following exercise and protein ingestion (P > 0.05) and was similar among groups in both time-
points (Figure 5.10A). Similarly, phosphorylation state of TIF-1A was comparable between LSI
and HSI in both time points and no significant alteration (P > 0.05) was observed after protein

ingestion for both groups (Figure 5.10B).
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Figure 5.10. Changes in protein expression of c-Myc (A) and
phosphorylation state of TIF-1A (B) in HSI and LSI.

Amino acid transporters: LAT1 protein expression was similar between LSI and HSI in both
time-points and was not altered significantly (P > 0.05) after protein ingestion in either group
(Figure 5.11A). Likewise, TIF-1A phosphorylation remained unaltered during the 3h postprandial

period in both LSI and HSI (P > 0.05) and no differences were observed among groups across
time (Figure 5.11B).

Figure 5.11. Changes in protein expression of LAT1 (A) and
SNAT2/SLC38A2 (B) in HSI and LSI.
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General Conclusions

By integrating results from previous in vivo and in vitro studies, our literature review identified
that the main mechanisms through which inflammaging may lead to loss of skeletal muscle mass
and frailty is the reduced skeletal muscle’s anabolic potential and the increased activation of the
proteolytic machinery [69]. The former incorporates the reduced activation of the intracellular
anabolic signaling pathway and the unresponsiveness of muscle protein synthesis to protein
feeding, while the latter is characterized by increased activation of the transcriptional factor NF-
kB and subsequent upregulation of proteasome activity, leading to proteolysis [69]. Our results
corroborate these findings providing evidence for first time that the NF-kB/ubiquitin-proteasome
pathway is activated while the translational efficiency is downregulated in the skeletal muscle of
aged adults characterized by chronic low-grade systemic inflammation.

In the fasted state, we observed that older adults with increased systemic inflammation
exhibited higher chymotrypsin-like proteasome activity accompanied by greater amount of
phosphorylated IKKa/B and increased concentration of protein carbonyl groups in skeletal
muscle. Upon activation, the IKKa/p phosphorylates and inactivates the inhibitor of the NF-xB,
IkB complex, allowing the NF-«xB to translocate into the nucleus [35] and activate the UPS [32,
34]. The UPS is also activated in response to increased oxidative stress and protein oxidation in
order to maintain redox balance [208]. Under oxidative stress, the transcriptional factor Nrf2 is
activated and translocate to the nucleus where it regulates the transcription of various protective
genes such as HO1 and the expression of proteasome genes [208]. However, in the present thesis
nuclear levels of Nrf2 and HO1 expression in the fasted state were equal among groups.
Therefore, we suggest that during chronic low-grade systemic inflammation in the elderly, the
elevated levels of pro-inflammatory mediators and the increased protein oxidation may increase
proteasome activity in the fasted state, through the redox-sensitive transcriptional factor NF-xB
(Figure 6.1). Protein expression of the catalytic £ (proteasome) and fi (immunoproteasome)
subunits was similar among groups, indicating that the observed difference in proteasome activity
was dependent on activity per se and not on the increased amount of proteasome as well.
Furthermore, we observed a significant correlation between hs-CRP levels and chymotrypsin-like
activity, providing evidence that inflammaging affects proteasome activation in a dose-response

manner.
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Figure 6.1. Schematic representation of the proposed molecular mechanism through
which inflammaging leads to activation of the ubiquitin-proteasome system.

At 3h following exercise and protein ingestion, chymotrypsin-like proteasome activity
increased equally in both groups, supporting previous evidence that following an acute bout of
resistance exercise the UPS is activated in skeletal muscle of older adults, independently of
protein ingestion [209, 210]. Protein expression of § and i subunits remained unaltered in the
postprandial period in both groups, indicating that acute resistance exercise alters proteasome
activity but not the proteasome quantity in the aged skeletal muscle, and this effect in not
dependent on the inflammatory status. Interestingly though, we observed that trypsin-like
proteasome activity was elevated in the postprandial state only in the LSI group, and this elevation
was accompanied by increased nuclear levels of Nrf2. Thus, unlike to chymotrypsin-like activity,
inflammaging may differentially affect the trypsin-like activity following acute exercise and
protein feeding, via the Nrf2 pathway. However, this observation is a preliminary finding that
should be further investigated by future studies.

The concentration of 3-nitrotyrosine in skeletal muscle remained unaffected by exercise and
protein feeding in both groups. Interestingly, type 1l skeletal muscle fibers were characterized by
higher levels of 3-nitrotyrosine compared to type | fibers, independent of the inflammatory status
and the time-point measured. Protein carbonyls declined significantly in the HSI group at 3h
following protein ingestion as a response to the increased chymotrypsin-like activity, whereas
their concentration in LSI group remained unaltered, probably because of the already low levels
in the fasted state.

With regard to the skeletal muscle’s anabolic potential, our data also suggest that
inflammaging may negatively affect the anabolic signaling following exercise and protein
ingestion. More specifically, we observed that phosphorylation of ribosomal protein S6 increased

only in older adults characterized by low levels of systemic inflammation, whereas no changes
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were observed in indices of ribosome biogenesis and amino acid transporters in either group.
Therefore, we suggest that the previously reported reduced muscle protein synthetic response to
protein feeding under conditions of chronic inflammation [28, 29], may be primarily driven by
reduced translational efficiency via attenuated activation of the rpS6 and subsequently lower
translation initiation rate. Collectively, in the present thesis we provide molecular evidence that
older adults with increased low-grade systemic inflammation exhibit increased proteasomic
activity in the fasted state and reduced translational efficiency in response to exercise and protein
feeding, and as such may be more vulnerable to skeletal muscle wasting and functional
impairments compared to their healthy counterparts.

We also investigated levels of habitual physical activity, daily dietary intake and physical
performance as well as blood markers of oxidative stress and antioxidant status in older adults
characterized by low and elevated levels of chronic low-grade systemic inflammation. Although
no significant differences observed in lower and upper limb strength among groups, we noticed
that elderly individuals with low systemic inflammation exhibited higher functional performance
and were also more physically active, performing more steps and more intense activities
throughout the day, as compared to those characterized by increased systemic inflammation. In
addition, dietary intake of antioxidant vitamins (i.e. vitamins A, C and E) was also higher in those
with low inflammation and accompanied by higher antioxidant capacity in plasma as well.
Therefore, higher quality and quantity of habitual physical activity and increased antioxidant
consumption through diet appear to be discriminant factors of inflammaging and successful
aging, and thus may considered as promising lifestyle-based interventions to prevent the
development of chronic low-grade systemic inflammation in the elderly.

Future studies should further invest on these primary findings by exploring the dose-response
relationship between PA, antioxidant vitamin intake and inflammaging, in acute and long-term
interventions. Moreover, there is also great need for well-controlled clinical trials to explore the
response of the NF-xB/ubiquitin proteasome pathway and the Akt-related signaling pathway to
chronic interventions aiming at reducing low-grade systemic inflammation in older adults, by
utilizing various protein supplementation protocols and types of exercise. Plant and animal
derived protein supplementation, especially that of whey and soy protein, may elicit antioxidative
and anti-inflammatory properties and may therefore be considered as a promising nutritional
strategy to offset the inflammaging associated skeletal muscle loss and frailty [69]. However,
their effectiveness has been only tested in animal models so far, and thus, future studies should

investigate whether increased consumption of plant- and dairy-based protein may aid muscle
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protein synthesis and preserve muscle function in elderly individuals characterized by increased

systemic inflammation.
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Abstract

Inflammaging is the chronic low-grade inflammatory state present in the elderly, characterized by increased systemic
concentrations of proinflammatory cytokines. It has been shown that inflammaging increases the risk of pathologic
conditions and age-related diseases, and that it also has been associated with increased skeletal muscle wasting, strength
loss, and functional impairments. Experimental evidence suggests that the increased concentrations of proinflammatory
cytokines and primary tumor necrosis factor a observed in chronic inflammation lead to protein degradation through
proteasome activation and reduced skeletal muscle protein synthesis (MPS) via protein kinase B/Akt downregulation.
Dairy and soy proteins contain all the essential amino acids, demonstrate sufficient absorption kinetics, and include other
bioactive peptides that may offer nutritional benefits, in addition to those of stimulating MPS. Whey protein has
antioxidative effects, primarily because of its ability to enhance the availability of reduced glutathione and the activity of the
endogenous antioxidative enzyme system. Soy protein and isoflavone-enriched soy protein, meanwhile, may counteract
chronic inflammation through regulation of the nuclear transcription factor kB signaling pathway and cytokine production.
Although evidence suggests that whey protein, soy protein, and isoflavone-enriched soy proteins may be promising
nutritional interventions against the oxidative stress and chronic inflammation present in pathologic conditions and aging
(inflammaging), there is a lack of information about the anabolic potential of dietary protein intake and protein supplementation
in elderly people with increased systemic inflammation. The antioxidative and anti-inflammatory effects, as well as the anabolic
potential of protein supplementation, should be further investigated in the future with well-designed clinical trials focusing on

inflammaging and its associated skeletal muscle loss. J Nutr doi: 10.3945/jn.116.230912.

Keywords: inflammaging, oxidative stress, skeletal muscle loss, frailty, whey protein, soy protein

Introduction

inactivity-related factors all may contribute to deregulation of
the molecular milieu of the aged muscle, resulting in muscle
wasting and loss of independence (35).

In the elderly, the development of low-grade, chronic,
systemic inflammation is often observed with age, characterized
by a 2- to 3-fold elevation in circulating inflammatory media-
tors. This has been termed “inflammaging” (inflamm-aging) (6).
Proinflammatory cytokines are key components in this chronic
inflammatory state; thus, the assessment of inflammaging pri-
marily is based on the measurement of systemic concentrations of
IL-6, IL-1, and TNF-a, their soluble receptors IL-1Ra, TNF
receptor, and soluble IL-6 receptor, respectively, and that of the

The progressive loss of skeletal muscle mass and function (i.e.,
muscle strength and endurance and ability to perform daily physical
activities) with advancing age is a well-documented process (1-3)
that may lead to functional limitations, frailty, and hospitalization
(4, 5). Muscle mass is maintained by a constant equilibrium
between the rates of muscle protein synthesis (MPS)” and degra-
dation, in which a net increase or a decrease occurs when the
balance is disturbed. Nutritional-, hormonal-, neuropathic-, and
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acute-phase C-reactive protein (CRP) (6-8). Furthermore,
inflammaging may be assessed at the skeletal muscle tissue
level by the quantification of infiltrating macrophages, cytokine
concentrations, and the examination of inflammatory pathways
(7, 8). Although the molecular mechanisms involved in the
interaction between inflammaging and muscle loss is far from
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understood, research carried out in animal models revealed that
augmented low-grade inflammation may favor muscle protein
breakdown and inhibit protein synthesis (9, 10).

Although older adults exhibit anabolic resistance (i.e., a
higher protein amount is required to maximally stimulate MPS
than for young individuals) to protein intake, dietary protein is
still the most potent anabolic stimulus in older adults, because it
has been shown to efficiently activate the skeletal muscle
anabolic response in the postprandial period, at rest, and after
resistance exercise (11, 12). A higher (>1.2 g/(kg body weight - d)
compared with a lower (<1.0 g/(kg body weight - d) protein
intake appears to preserve muscle quality in the aged with high
levels of systemic inflammation (13), suggesting that adequate
protein intake may preserve muscle function under chronic
inflammatory conditions. Dairy proteins that include high
amounts of branched-chain amino acids demonstrate fast
(whey protein) and slow (casein protein) digestion and absorp-
tion kinetics and may efficiently stimulate MPS in healthy aged
skeletal muscle (14-16). Soy protein, on the other hand, which
demonstrates somewhat slower kinetics than whey and faster
digestion rates than casein (14), is also rich in branched-chain
amino acids and able to upregulate MPS (14, 16). Whey and
soy protein also possess antioxidant and anti-inflammatory
properties (17, 18). Thus, both animal and plant protein sources
may represent efficient nutritional strategies to counteract
inflammaging and its detrimental effects on skeletal muscle.
This review aims to provide evidence for an anti-inflammatory
and anticatabolic role of protein supplementation in aged skeletal
muscle by presenting molecular and physiologic data that link
protein consumption and muscle wasting under proinflammatory
conditions.

Inflammaging and Its Association with
Frailty

Chung et al. (19) proposed the molecular inflammation theory,
according to which the age-related increase in reactive oxygen
and nitrogen species concentrations and redox balance distur-
bances may lead to a chronic low-grade inflammatory state by
activating redox-sensitive transcriptional factors. The NF-kB
pathway is the most important redox-sensitive signaling path-
way through which oxidative stress may increase the expression
of numerous proinflammatory molecules, especially cytokines
such as TNF-a, IL-6, IL-1B, and CRP, stimulating inflammation
(20, 21). As the inflammatory response escalates, additional
reactive nitrogen and oxygen species are released from immune
cells (e.g., monocytes and macrophages) resulting in a propaga-
tion of cytokine production (8, 22). Thus, a vicious cycle is
propagated, driving a chronic systemic proinflammatory state
that in the elderly has been termed inflammaging (23) (Figure 1).

Is inflammaging, however, associated with skeletal muscle
wasting and strength loss? Data derived from 3075 men and
women aged 70-79 y in the Health, Aging, and Body Compo-
sition Study (24) showed that those with high concentrations of
IL-6 and TNF-a had smaller skeletal muscle area, less appen-
dicular muscle mass, and reduced strength. Similarly, elderly
subjects with elevated IL-6 and CRP concentrations demonstrated
a 2- to 3-fold greater risk of losing >40% of their muscle strength
(25). Moreover, according to a 5-y follow-up study in 2177 men
and women aged 70-79 v, increased baseline concentrations of
TNF-a and its soluble receptor were linked to a greater decline in
muscle mass and strength (26). Although the underlying molec-
ular pathway leading from inflammation to functional decline
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has not been clarified yet, increased IL-6 concentrations in the
elderly contribute to the development of disability and functional
dependence (27-31) via direct interactions with key growth
factors in skeletal muscle (32, 33). These findings accord well with
the observation that orally administered cyclo-oxygenase inhibi-
tors in older adults engaged in resistance exercise lead to increased
skeletal muscle mass and strength gains by reducing the production
of IL-6 and muscle ring-finger-1 in skeletal muscle (34). Therefore,
these studies provide compelling evidence of an association
between inflammaging and a deterioration of skeletal muscle
size and function.

In vivo and in vitro studies indicate that inflammaging-
related muscle wasting may be attributed to a TNF-a mediated
upregulation of the NF-«kB pathway and the subsequent activa-
tion of the ubiquitin—proteasome system (UPS) (21, 35, 36).
Increased concentrations of proinflammatory cytokines, i.e.,
TNF-a and/or IL-6, have been shown to activate the inhibitor of
NF-«B (IkB) kinase, which phosphorylates the IkB complex and
results in its degradation, thereby allowing the translocation of
the NF-kB complex into the nucleus (37). The 20S proteasome is
the catalytic part of the UPS, performing the degradation and
removal of abnormal, misfolded, and denatured proteins, and it
also may remove healthy proteins under certain circumstances
(38-42). Under conditions of chronic inflammation, increased
NEF-kB expression activates the UPS, resulting in protein degra-
dation by the 20S proteasome subunit and muscle wasting (21,
35, 43, 44). In experimental animals, infusion or injection of
TNF-a resulted in a pronounced loss of skeletal muscle and
body mass (45, 46), probably in a concentration-dependent
manner (47). Moreover, infusion of IL-6 has been shown to al-
ter amino acid turnover and decrease the phosphorylation of
signaling proteins involved in the anabolic pathway, suggesting
that increased IL-6 concentrations contribute to skeletal muscle
atrophy (48, 49).

An interaction between the NF-«kB-related proteolytic cas-
cade and anabolic pathways also has been observed in human
skeletal muscle. Older humans exhibited a blunted MPS response
to feeding compared with their younger counterparts that was
attributed to NF-«kB overexpression in their skeletal muscles (50).
Later studies revealed that the increased TNF-a-dependent
NF-«kB expression attenuates the activation of anabolic signaling
molecules such as Akt and S6K1, leading to reduced MPS and
insulin resistance (51, 52). Thus, chronic inflammation may not
only lead to NF-kB-related skeletal muscle wasting, but it also
may hamper anabolic signaling pathways in skeletal muscle. Anti-
inflammatory treatment with ibuprofen in aged rats reduced
systemic inflammation, increased the rate of MPS and activation
of anabolic intracellular signaling pathways, and significantly
suppressed muscle protein breakdown (10). Although the verifi-
cation of this mechanism (Figure 1) in humans is still missing, this
study clearly shows that inflammaging should be targeted by
nutritional, exercise, and pharmaceutical interventions aimed at
the limitation of sarcopenia and skeletal muscle loss. The
molecular mechanisms regulating the TNF-o/NF-kB/ubiquitin—
proteasome pathway and its crosstalk with Akt-related signaling
in the skeletal muscle of aged adults warrants further investiga-
tion. Although exercise-induced inflammation has been shown to
activate muscle satellite cell content as part of the regeneration or
remodeling process (53, 54), there are limited data on the impact
that age-related chronic inflammation has on satellite cells.
Beenakker et al. (55) show that there is no association between
chronic systemic inflammation and satellite cell number in
patients with rheumatoid arthritis. Future investigations need to
examine whether inflammaging affects satellite cell responses,
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and, if so, what the impact is of anabolic approaches, such as
protein feeding and/or resistance exercise training on these
responses.

A Rationale for Protein Supplementation
for Inflammaging

Protein ingestion is a nutritional strategy that has been studied
extensively as a means of attenuating age-dependent muscle loss
and therefore maintain quality of life (56). This mainly is due to
the resulting postprandial aminoacidemia, which is known in
the short term (hours) to stimulate MPS (57, 58), especially
when combined with resistance-type exercise (59-61). Evidence
indicates that MPS is less sensitive to protein intake in elderly
patients than it is in young individuals; thus, higher relative
amounts of protein may be required in each meal to stimulate
MPS maximally in the aged (61-63).

Although the RDA for protein intake in adults is 0.8 g/(kg
body weight - d), consumption of protein above the RDA has
been proposed to more efficiently prevent muscle wasting and
offer health benefits to the aged (12, 64, 65). Higher protein
intake in community-dwelling adults has been associated with
an attenuation of skeletal muscle loss over a 3-y follow-up (66),
whereas protein intake has been negatively associated with
skeletal muscle strength loss in inflammaging (13). Apart from
the anabolic potential of protein, higher intake in the elderly also
has been proposed in order to boost glutathione synthesis by
providing greater availability of cysteine, which is a precursor
amino acid (67). Because the glutamate cysteine ligase Michaelis
constant for cysteine is close to intracellular cysteine concentra-
tions, increased cysteine intake from dietary protein or other

FIGURE 1 Potential pathway linking inflammag-
ing and frailty. CRP, C-reactive protein; MPS,
muscle protein synthesis; RNOS, reactive oxygen
and nitrogen species; 1, increase; |, decrease.

cysteine-rich sources may lead to substantial glutathione syn-
thesis, especially when intracellular concentrations of glutathi-
one are relatively low (67). Glutathione acts as a potent antioxidant
in the intracellular environment, because it counteracts the pro-
duced reactive oxygen and nitrogen species and also downregulates
signaling pathways mediating immune cell mobilization. There-
fore, there is a potential link between protein intake and skeletal
muscle health in older adults with low-grade inflammation.
Recently, researchers have attempted to shed light on the antiox-
idant and anti-inflammatory properties of dairy and plant proteins
by using both in vivo and in vitro experimental models. Therefore,
the interaction between inflammaging and protein intake will be
presented separately for each protein type in the following
paragraphs. For each protein type, existing evidence will be
reviewed in respect to the effect of proteins on 1) both systemic and
local (skeletal muscle) anti-inflammatory and antioxidant poten-
tial, and 2) their ability to affect skeletal muscle loss and function.

Dairy proteins. Over the last 5 y there has been growing interest
in the antioxidant and anti-inflammatory role of dairy proteins,
primarily that of whey. In vitro models, although they use an
artificial environment, have offered valuable insight in this area.
When C,C;, myoblasts were incubated with whey protein
(80.05 g/100 g) and various concentrations (0.1-0.4 g/L) of
hydrogen peroxide, it was revealed that whey protein was able
to prevent hydrogen peroxide-induced toxicity, reduce lipid
peroxidation, and enhance the activity of several antioxidant
enzymes (68). Similarly, whey protein hydrolysates (WPHs;
100 pg/mL and 200 pg/mL pre- and postincubation, respec-
tively) protected PC12 cells exposed to hydrogen peroxide from
oxidative damage by reducing intracellular concentrations of
Ca**, suppressing mitochondrial apoptotic pathways (by 14%),
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and maintaining the membrane potential of the mitochondrial
membrane, thereby improving mitochondrial function (69). In
line with the results from Xu et al. (68) in C,C;, myoblasts,
WPH supplementation in PC12 cells (69) upregulated the
activity of antioxidant enzymes, such as catalase and superoxide
dismutase (SOD). The antioxidant properties of whey protein
were illustrated further when C,C;, muscle cell lines were
treated with sheep whey protein (0.78-6.24 mg) by increasing
reduced glutathione concentrations and reducing TBARs and
reactive oxygen species (ROS) (70). Therefore, it appears that
whey protein supplementation in the muscle and other cell lines
prevents the onset of oxidative stress by enhancing the activity of
endogenous antioxidant enzymes and increasing reduced gluta-
thione availability, as well as maintaining mitochondria integ-
rity. These results were corroborated in findings reported by
studies that used rodent models (71-73).

Intraperitoneal [4 mg/(kg body weight - d)] or oral [8 mg/(kg
body weight - d)] ingestion of WPH in albino mice with
hepatonephrotoxicity attenuated the elevation of serum markers
of oxidative damage, such as glutathione pyruvate transaminase,
alkaline phosphatase, creatinine, and TBARs, upregulated the
activities of antioxidant enzymes, and preserved serum urea
nitrogen at normal concentrations, suggesting that WPH also
has the ability to enhance the endogenous antioxidant system in
vivo under pathologic conditions (71). When the antioxidant
properties of diets containing various amounts of whey and
casein protein (20% casein compared with 10% casein and 10%
whey protein) were compared under conditions of elevated
oxidative stress induced by iron overloading, it was shown that
rats fed the diet including whey protein had greater levels of
reduced glutathione and SOD activity in erythrocytes and
reduced lipid peroxidation and DNA damage in leukocytes
and colonocytes compared with those that received casein only,
suggesting that whey was primarily responsible for the enhanced
antioxidant defense (72). Furthermore, diabetic rats supple-
mented with 100 mg whey protein/kg body weight exhibited
considerable reductions in malondialdehyde, NO, and ROS
concentrations and also preserved their glutathione concentra-
tions (73). These in vivo results, although derived from tissues
other than skeletal muscle, are in agreement with those reported
from in vitro studies (68-70) in which whey protein was
systematically shown to possess antioxidant properties despite
varying doses and supplementation protocols applied. This
antioxidant profile of whey protein is attributed primarily to
enhanced antioxidant enzyme activity and increased reduced
glutathione concentrations.

Although human supplementation studies in inflammaging are
lacking, human protein feeding studies under proinflammatory
conditions offer valuable information. The anti-inflammatory role
of protein supplementation in humans has been tested in the
context of exercise (74-79), as well as in various clinical
proinflammatory conditions, such as cystic fibrosis and obesity
(80-84). Exercise, especially eccentric or unaccustomed, has been
associated with microtrauma of skeletal muscle fibers and an
intense aseptic type of inflammation that is characterized by
immune cell activation, excessive ROS generation, perturbation of
redox status, and deterioration of muscle performance (85-87).
During a 6-d block of intense training, athletes receiving a daily
supplement containing protein, leucine, carbohydrate, and fat at
20, 7.5, 89, and 22 g/h, respectively, for 1-3 h postexercise over
6 d demonstrated increased counts of circulating neutrophil and
respiratory burst activity on day 6 compared with those receiving
only a carbohydrate control beverage (74). However, in this case,
we could not determine whether the effect was attributable to
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leucine, protein, or a combination of the supplement’s ingredients.
In another study, well-trained cyclists performed 3 high-intensity
ride sessions over 4 d (day 3 was a rest day), with supplementation
on days 1 and 2 with a protein blend [whey protein isolate,
calcium caseinate, and soy protein isolate (SPI)] at a dosage of
0.8 g protein/(kg fat-free mass - h) during a 4-h postexercise
recovery period (75). A protein effect was observed in the
postexercise period, leading to reduced creatine kinase concen-
trations, but no significant alterations were observed for any of the
oxidative stress and inflammatory markers measured (75). Sim-
ilarly, during a 9-wk weight-training period, consumption of 33 g
whey protein/d (3 servings of 11 g/d, in a bar form) did not
prevent exercise-induced oxidative stress, whereas an equal
amount of soy protein (33 g/d, 3 servings of 11 g/d, in a bar
form) preserved postexercise antioxidative capacity, as evidenced
by free-radical scavenging capacity and plasma myeloperox-
idase response (76). In contrast to these findings, acute anti-
inflammatory and antioxidative properties have been attributed
to whey protein after a cycling session to exhaustion (77, 78).
When whey protein [4 dosages of 0.28 g/(kg body weight - h)]
was consumed immediately postexercise and daily during the re-
covery period after an exhaustive cycling trial that induced a
marked inflammatory and oxidative stress response, an attenuation
of IL-6, plasma TBARs, and CRP was observed during the first 4 h
after exercise, whereas plasma total antioxidant capacity (TAC),
protein carbonyls, and erythrocyte reduced glutathione and
catalase concentrations remained unaltered (77, 78). Similar
findings (i.e., attenuated elevation of TBARs and protein car-
bonyls, and increased reduced glutathione availability) have been
reported for whey protein in ultramarathon runners receiving
daily 2 whey protein bars (14.3 g whey protein/100 g bar) for 2
mo (79). Therefore, most of these human exercise studies support
an anti-inflammatory and antioxidant role for whey protein.
Nevertheless, these studies involved healthy young individuals,
and data on skeletal muscle performance and molecular responses
are lacking. We must mention, however, that one previous study
suggested that antioxidant supplementation (i.e., vitamins C and
E) may offset some positive adaptations induced by exercise
training (88). These findings were reported for young athletes,
but, to our knowledge, no data exist for inflammaging.

To our knowledge, only a small number of studies examined
the effects of a nutritional intervention of dairy-based protein
diets in aged adults on chronic inflammation and oxidative
stress. Either acute (a bolus of 45 g of protein) or chronic (54 g of
protein/d for a 12-wk period) consumption of whey protein
isolate did not alter the responses of circulating proinflammatory
markers such as IL-6, TNF-a, and CRP in overweight postmen-
opausal women and overweight adults aged 18-635 y, respectively
(80, 81). Similarly, when obese individuals received a soy-based
protein diet, after a wash-out period, no changes in inflammatory
and oxidative stress markers were observed (82). In contrast,
when whey isolate and calcium caseinate (45 g of each protein in a
crossover design) were consumed in combination with a fat-rich
meal by obese, nondiabetic individuals in the context of an acute
clinical trial, an acute suppression of markers of low-grade
inflammation was observed (83). The anti-inflammatory potential
of whey protein also was evident in cystic fibrosis patients who
consumed 20 g whey protein/d for 3 mo (84). These few human
studies provided valuable insight regarding the anti-inflammatory
role of protein in the presence of low-grade inflammation and
partly verify the in vitro and in vivo results described earlier. Both
dairy proteins seem to have a protective effect against low-grade
inflammation, with whey eliciting a slightly greater attenuation
of proinflammatory cytokines than does casein (83). Thus, the
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1 MCP-1

inflammation
Reduced glutathione availability

68 y of age)
Cystic fibrosis patients (25 y of age)

1 Lymphacyte reduced glutathione

NA

20 g WPI/d (2 servings of 10 g/d)

WPI

Grey et al. (84)

concentrations

' Bax, BCL2 associated X, apoptosis regulator; Bcl-2, B-cell lymphoma 2; CCL5/RANTES, CC chemokine ligand 5; CRP, C-reactive protein; E%, percentage of energy; FFM, fat-free mass; GPx, glutathione peroxidase; MCP-1, monocyte chemoattractant protein

1; NA, not applicable; ROS, reactive oxygen species; SOD, superoxide dismutase; TAC, total antioxidant capacity; WP, whey protein; WPH, whey protein hydrolysate; WWPI, whey protein isolate; 1, increase; |, decrease; <, no effect; ~, maintenance.

rationale for using dairy proteins to counteract low-grade
inflammation and oxidative stress and prevent sarcopenia may
be valid, and future investigations should explore this prospect in
human skeletal muscle in inflammaging.

Studies that investigated the effects of dairy protein on
inflammatory and oxidative stress responses are presented in
Table 1.

Soy protein. Soy protein represents 35-40% of soybean
content and is considered to be a protein source of high
nutritional quality, because it contains all the essential amino
acids and, in particular, it has less saturated fat than dairy
foods and is cholesterol-free (89). However, soy protein in its
isolated form, to our knowledge, has been poorly investigated
by researchers looking for protein supplements and protein-
rich diets to counteract inflammation and oxidative stress.

When SPI (20% of the daily diet; 8 g of food on day 1,
increased by 0.5 g each day for the remaining 13 d) was
administered to rats exposed to paraquat-induced oxidative
stress, an attenuation of lipid peroxidation and enhanced
reduced glutathione concentrations was observed (90, 91). A
recent study showed that a 5-wk supplementation with SPI in
hyperlipidemic mice counteracted the NF-kB-dependent inflam-
matory response manifested as reduced activation of NF-kB and
expression of TNF-a, IL-6, IL-1B, vascular cell adhesion
molecule 1 (VCAM-1), and monocyte chemoattractant protein
1 because of inhibition of IkB phosphorylation (17). Therefore,
given that in chronic inflammatory conditions the increased
activation of the NF-«kB signaling pathway leads to protein
degradation through the 20S proteasome subunit (21, 35, 43,
44), soy protein may be a potent nutritional intervention against
chronic inflammation and its associated skeletal muscle loss.
In contrast to animal studies, in what is, as far as we know, the
only human study that tested a 6-wk supplementation with SPI
(25 g/d) in postmenopausal women, supplementation did not alter
inflammatory markers such as soluble IL-2 receptor, E-selectin
and P-selectin, VCAM-1, and intercellular adhesion molecule 1 (92).
However, the efficacy of SPI in inhibiting chronic inflammation
should be further investigated in human clinical trials in order to
come to a clear conclusion.

Soy foods also contain phytoestrogens named isoflavones
that can be removed when these foods are washed with alcohol
(89, 93). Genistin, daidzin, and glycitein are the primary
bioactive isoflavones in soybeans and soy foods (89). Research
on the antioxidative role of isoflavones has shown reduced
oxidative stress levels, improved antioxidant enzyme activity,
and attenuated oxidative damage in animal models (94-97), as
well as in humans (98, 99). Specifically, the incorporation of
206 g SPl/kg body weight (based on the AIN-93G diet),
combined with 189 mg isoflavones/100 g SPI, in the daily diet
for a 9-wk period attenuated myocardial oxidative stress levels
in rats that suffered from myocardial infarction and underwent
heart surgery (100, 101). Another study investigated the
antioxidative action of an isoflavone-enriched soy protein
compared with a casein-based diet on fructose-induced oxida-
tive and inflammatory responses in rats, suggesting that, in
contrast to casein, soy protein is able not only to suppress
oxidative stress, but also to elicit an anti-inflammatory response
(102). As previously reported for SPI (17), soy isoflavones and
mainly genistein also have been shown to hamper the activation
of NF-«xB and TNF-«a in aged mdx mice (103). Therefore, the
effect of isoflavone-enriched soy protein on inflammation may be
attributed to its isoflavone content and amino acid composition
that seem to prevent the nuclear translocation and subsequent
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activation of NF-kB, which activates the expression of proin-
flammatory cytokines such as TNF-a and IL-6 (17, 102, 103).
In postmenopausal women, the administration of 26 g soy
protein/d enriched with 44 mg isoflavones/d for 6 wk did not
affect circulating concentrations of CRP and various adhesion
molecules (104). Tormala et al. (105) increased the amount of
supplemented soy protein to 52 g/d and the amount of
isoflavones to 112 mg/d, and also extended the supplementation
period to 8 wk, but they did not observe any anti-inflammatory
action either. In contrast, consumption of soy nuts containing
either 25 g soy protein/d and 101 mg isoflavones/d or 37.5 g soy
protein/d and 340 mg isoflavones/d for 8 wk led to significant
reductions in blood CRP, soluble intercellular adhesion molecule
1, E-selectin, TNF-a, and IL-18 in postmenopausal women with
metabolic syndrome (18, 106), as well as in VCAM-1 in
hypertensive postmenopausal women (107). However, discrep-
ancies between these studies may be related to the different
supplementation protocols applied, as well as to the clinical
status of the participants [e.g., in the study by Tormala et al.
(105), subjects were tibolone users]. Moreover, the anti-
inflammatory potential of soy nuts may be attributed to the
fact that nuts contain all the bioactive compounds of a soybean,
including soy protein, fat, and phytoestrogens, whereas supple-
mented proteins are isolated and in some cases are combined
with isoflavones only (89, 108, 109). Interestingly, in patients
with end-stage renal disease, which is characterized by systemic
inflammation (CRP > 10.0 mg/L), the administration of SPI that
retained its isoflavone content led to a marked elevation of
circulating isoflavone concentrations that was inversely corre-
lated with inflammatory markers (110). Moreover, in a 1-y
clinical study, the intake of 18 g soy protein/d along with 105 mg
isoflavone/d reduced blood concentrations of IL-6 in healthy
older (>70 y of age) women with baseline CRP and IL-6 values of
5.24 pg/mL and 2.76 pg/mL, respectively (111). To the best of

our knowledge, this is the only human study that used a
population with characteristics of inflammaging, and it suggested
that a combination of sufficient quantities of soy protein and
isoflavones may have the potential to prevent or alleviate
inflammation. Although this study did not look into skeletal
muscle responses, it supports a rationale for soy protein use as an
anti-inflammatory intervention. Two studies that examined the
antioxidant potential of soy proteins provided some positive
evidence. In a crossover design, administration of either a soy
protein (17% of total energy and 1.25 mg isoflavones/1000 kcal)
or an isoflavone-enriched soy protein (16% of total energy and
46.21 mg isoflavones/1000 kcal) diet for 42 d had no significant
impact on markers of oxidative stress, but improved TAC by 10%
(112). Swain et al. (113) also reported that supplementation with
soy protein in perimenopausal women improved TAC. Collec-
tively, these studies suggest that soy protein with isoflavones may
represent a potent anti-inflammatory and antioxidant agent, further
supporting the rational for its use in proinflammatory condi-
tions such as inflammaging. Although this data supports an anti-
inflammatory role for soy protein, to our knowledge, no data exist
regarding its effectiveness in promoting muscle mass and function
in inflammaging. When dairy and soy protein were compared in
healthy aged adults, the 2 types of proteins were equally effective in
improving body composition and functionality, but the former was
more effective in increasing muscle strength (114).

Studies that investigated the effects of soy protein and
isoflavone-enriched soy protein on inflammatory and oxidative
stress responses are presented in Table 2.

Conclusions

In conclusion, oxidative stress and inflammation interact in a
vicious cycle, creating a chronic state of systemic inflammation
that in the elderly is known as inflammaging. Many health-related

FIGURE 2 Mechanistic links between protein feeding and inflammaging. CAT, catalase; CRP, C-reactive protein; GSH, reduced glutathione;
IkB, inhibitor of NF-kB; ROS, reactive oxygen species; SOD, superoxide dismutase; ?, lack of evidence regarding the ability of these proteins to
stimulate muscle protein synthesis in inflamed elderly; —, increase or activation; — @, decline or inhibition.
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dysfunctions and chronic diseases, as well as loss of muscle mass
and consequently independence in the elderly, have been associ-
ated with inflammaging; therefore, it is crucial to develop
nutritional, exercise-based, and pharmaceutical strategies to
counteract its detrimental effects. Dairy and soy products contain
high-quality proteins of high nutritional value because of their
amino acid composition and absorption kinetics. Whey protein
exhibits antioxidative properties that are attributed to its ability
to increase glutathione availability and enhance the activity of
the antioxidative enzymes SOD, catalase, and glutathione perox-
idase. Evidence from animal models and cell lines indicate that
whey protein may regulate multiple intracellular pathways related
to ROS production. However, future studies should explore the
TNF-o/NF-kB/ubiquitin—proteasome pathway and its crosstalk
with Akt-related signaling in skeletal muscle in inflammaging in
response to various protein feeding protocols. Whey administra-
tion may attenuate exercise-induced oxidative stress and inflam-
mation, as well as inflammation resulting from clinical complications
and obesity. Soy protein is a promising nutritional strategy against
chronic inflammation, with it having been shown that either in its
isolated form or isoflavone-enriched, it is able to inhibit the
activation of the NF-kB and subsequently the upregulation of
proinflammatory cytokines, such as TNF-a, IL-6, and IL-1p,
as well as other mediators, such as VCAM-1 and monocyte
chemoattractant protein 1. Although this mechanism of action is
evident in animal models only, soy protein supplementation has
been associated with reduced concentrations of chronic low-grade
inflammation in the elderly as well. There is a great need for well-
controlled experimental trials to determine whether an increase in
protein consumption may aid MPS and muscle function in older
adults with elevated systemic inflammation. Well-controlled
randomized trials should compare dairy with plant protein
feeding with or without an anabolic type of exercise in aged
adults with a proinflammatory profile with the use of long-term
supplementation protocols, as well as an assessment of muscle
function and mass. A schematic representation of potential mech-
anisms through which protein supplementation may offset in-
flammation and boost muscle anabolism and performance in
the elderly is presented in Figure 2.
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Abstract: The development of chronic, low-grade systemic inflammation in the elderly (inflammaging)
has been associated with increased incidence of chronic diseases, geriatric syndromes, and functional
impairments. The aim of this study was to examine differences in habitual physical activity (PA),
dietary intake patterns, and musculoskeletal performance among community-dwelling elderly men
with low and elevated systemic inflammation. Nonsarcopenic older men free of chronic diseases
were grouped as ‘low’ (LSI: n =17; 68.2 & 2.6 years; hs-CRP: <1 mg/L) or ‘elevated” (ESI: n = 17;
68.7 £ 3.0 years; hs-CRP: >1 mg/L) systemic inflammation according to their serum levels of
high-sensitivity CRP (hs-CRP). All participants were assessed for body composition via Dual Emission
X-ray Absorptiometry (DEXA), physical performance using the Short Physical Performance Battery
(SPPB) and handgrip strength, daily PA using accelerometry, and daily macro- and micronutrient
intake. ESI was characterized by a 2-fold greater hs-CRP value than LSI (p < 0.01). The two groups
were comparable in terms of body composition, but LSI displayed higher physical performance
(p < 0.05), daily PA (step count/day and time at moderate-to-vigorous PA (MVPA) were greater
by 30% and 42%, respectively, p < 0.05), and daily intake of the antioxidant vitamins A (6590.7 vs.
4701.8 IU/day, p < 0.05), C (120.0 vs. 77.3 mg/day, p < 0.05), and E (10.0 vs. 7.5 mg/day, p < 0.05)
compared to ESI. Moreover, daily intake of vitamin A was inversely correlated with levels of hs-CRP
(r=—0.39, p = 0.035). These results provide evidence that elderly men characterized by low levels of
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systemic inflammation are more physically active, spend more time in MVPA, and receive higher
amounts of antioxidant vitamins compared to those with increased systemic inflammation.

Keywords: aging; chronic low-grade systemic inflammation; physical activity; nutrition; physical
performance; chronic diseases

1. Introduction

Chronic exposure to antigens as well as to chemical, physical, and nutritional stressors that the
immune system has to cope with, in combination with the dramatic increase in life expectancy,
result in the overstimulation of the immune system with advancing age and the development
of a chronic and persistent pro-inflammatory state [1,2]. This age-associated, low-grade, chronic
inflammatory status has been termed as “inflammaging” [1] and is clinically assessed by measuring
systemic concentrations of cytokines and acute-phase proteins, including interleukin-6 (IL-6), tumor
necrosis factor-a (TNF-«), and C-reactive protein (CRP) [3]. Inflammaging represents a significant
risk factor for age-related frailty, morbidity, and mortality [2,4] as many chronic diseases and geriatric
syndromes such as cardiovascular diseases, atherosclerosis, metabolic syndrome, type 2 diabetes
mellitus, neurodegenerative diseases, cancer, and chronic obstructive pulmonary disease have been
associated with chronic inflammation [5-8]. Moreover, increased levels of IL-6, TNF-«, and CRP in the
elderly have been associated with lower muscle mass and physical performance [9-11] as well as with
increased risk for sarcopenia and osteoporosis [12—-14]. Thus, the concept of inflammaging appears
to be a key determinant of successful aging and longevity and as such a valuable tool to counteract
age-related pathologies [2].

To date, inflammaging is defined as a complex and multifactorial process whose origin cannot be
simply attributed to a specific number of factors/mechanisms, as a complete understanding of the
extent to which different tissues, organs, and biological systems contribute to its pathophysiology is
lacking [3,15]. However, both physical activity (PA) and nutrition are considered powerful lifestyle
factors that may, cooperatively or independently, influence both healthy aging and lifespan in
humans [16,17]. Specifically, being physically active substantially reduces the risk of developing
cardiovascular [16,17] and metabolic diseases [16,18], obesity [16,19], frailty [16,20,21], sarcopenia [22],
osteoporosis [17,23], cognitive impairment [24], and mental health disorders [17,25] in a dose-response
manner [26,27]. Numerous studies reported that higher volume of habitual PA is related to lower
levels of IL-6, CRP, and TNF-o in older adults [28-40]. Most of these studies, though, are based on
self-reported PA estimations [28-33,36,37,40] that may result in increased risk of recall bias [41] and
therefore do not provide an objective determination of different intensity levels (i.e., light, moderate,
vigorous, or very vigorous PA). However, to our knowledge, four studies have utilized accelerometry
to provide an objective assessment of PA [34,35,38,39]. In two of them, an inverse relationship between
PA and disease-related (chronic obstructive pulmonary disease and obesity) systemic inflammation
was revealed in middle-aged adults [34,35]. Similarly, two other studies reported that time spent in
MVPA is negatively associated with markers of systemic inflammation in the healthy elderly [38,39].
Although these data clearly suggest that habitual PA is inversely associated with mediators of systemic
inflammation in older adults, a direct comparison of objectively assessed PA, sedentary time, and
PA-related energy expenditure among the elderly with low and increased systemic inflammation is
still lacking.

Ideally, this comparison would be more conclusive by the concurrent examination of habitual
PA /inactivity and dietary intake levels, since both factors may impact systemic inflammation. In fact,
available data suggest that the role of nutrition and dietary pattern is pivotal for immune function and
low-grade systemic inflammation [42-44]. Both macronutrient and micronutrient intake may interfere
with immune responses, triggering either a pro-inflammatory or an anti-inflammatory effect [45].
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Excessive consumption of glucose and saturated fatty acids (SFA) (particularly long-chain SFA) are
reported to activate pro-inflammatory markers in insulin-sensitive tissues [45,46] and may result in
systemic inflammation [15], while high phospholipid consumption, especially that of polyunsaturated
fatty acids (PUFA) and monounsaturated fatty acids (MUFA), elicit antiinflammatory properties and
reduce the risk of chronic inflammation and its associated chronic diseases [47]. On the other hand,
consumption of either plant- or dairy-based protein or amino acids may offer antiinflammatory effects
by reducing levels of inflammatory mediators [45,48]. Furthermore, adequate intake of antioxidants
and trace elements, particularly vitamins A, C, E, and selenium, also enhances immunity and elicits
a protective effect against chronic inflammatory conditions [44]. However, to our knowledge, the
literature lacks evidence regarding differences in dietary habits among older healthy adults with low
and high systemic inflammation.

Given the pivotal role of both PA and macronutrient/micronutrient intake in mediating immunity
and chronic inflammatory responses, a direct comparison of them among older adults exhibiting low
and elevated systemic inflammation may identify which parameters of these lifestyle factors function
as discriminants of healthy aging and inflammaging. Therefore, the aim of the present study was to
compare levels of objectively assessed habitual PA and dietary macronutrient/micronutrient intake,
among otherwise healthy elderly men of low and increased systemic inflammation.

2. Materials and Methods

2.1. Experimental Design and Participants

A total of fifty community-dwelling elderly men aged 65-75 years were recruited from the
surrounding area of Thessaly (Greece) through postings, newspaper, and media advertisements. All
volunteers completed a health history questionnaire and were also examined by a physician. In order
to be included in the study, volunteers had to initially meet all of the following inclusion/exclusion
criteria: (a) nonsmokers; (b) independently living; (c) absence of chronic disease (i.e., cancer, metabolic,
cardiovascular, neurological, pulmonary, or kidney disease); (d) absence of inflammatory disease (i.e.,
osteoarthritis, rheumatoid arthritis); (e) absence of type 2 diabetes, and (f) no recent or current use of
antibiotics or other medication that could affect inflammatory status (i.e., corticosteroids). Subsequently,
those who fulfilled these criteria underwent assessment of body height, body weight, body composition,
handgrip strength, and physical performance (via the SPPB) testing to estimate their weight status
and stage of sarcopenia according to the European Working Group on Sarcopenia in Older People
(EWGSOP) [49]. Volunteers who were characterized as presarcopenic/sarcopenic were excluded from
the study at this stage, since substantial loss of skeletal muscle mass is accompanied by significant
performance decline [49], resulting in lower levels of habitual PA [50]. Volunteers who were classified
as obese were also excluded since obesity is linked to metaflammation, an adipose-tissue-mediated
chronic inflammatory state that differs in terms of pathophysiology from inflammaging [5,15].
Accordingly, thirty-four volunteers who fulfilled the eligibility criteria participated in the study. The
determination of inflammatory status was based on two consecutive measurements of high-sensitivity
CRP (hs-CRP) and participants were grouped as “low systemic inflammation” (LSI: hs-CRP <1 mg/L)
or “elevated systemic inflammation” (ESI: hs-CRP > 1 mg/L) according to a previous report [51].
Participants were then provided with accelerometers and food diaries to monitor their habitual PA
and daily macronutrient/micronutrient intake, respectively, over a 7-day period. They were fully
informed about the aim and the experimental procedures of the study, as well as about the benefits
involved, before obtaining written consent. The Institutional Review Board of the University of
Thessaly approved the study and all procedures were in accordance with the 1975 Declaration of
Helsinki (as revised in 2000).
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2.2. Body Composition

Standing body mass and height were measured on a beam balance with stadiometer (Beam
Balance-Stadiometer, SECA, Vogel & Halke, Hamburg, Germany) with participants wearing light
clothing and no shoes as described previously [52]. Body composition [including fat mass, fat-free mass
(FFM), percent of fat, lean body mass (LBM)] was assessed by dual emission X-ray absorptiometry
(DXA, GE Healthcare, Lunar DPX NT, Diegem, Belgium) with participants in supine position as
described before [53]. Appendicular lean mass (ALM) and skeletal muscle mass index (SMI) were
calculated as the sum of muscle mass (kg) of the four limbs (based on DXA scan) and as ALM divided
by height by meters squared (kg/m?), respectively [49], while sarcopenia status was determined
according to the criteria established by EWGSOP [49].

2.3. Physical Activity

Physical activity was monitored by using the accelerometers ActiGraph, GT3X+ (ActiGraph,
Pensacola, FL, USA) over a 7-day period. Accelerometers were attached to elastic, adjustable belts and
did not provide any feedback to the participants. Participants were taught how to wear the belt around
the waist with the monitor placed on the right hip and they were asked to wear it throughout the day,
except for bathing or swimming and sleep, for seven consecutive days. To be included in the analysis,
participants had to have >four days with >10 wear hours/day (i.e., four valid days) [54]. Nonwear
time was calculated using the algorithms developed by Choi et al. [55] for vector magnitude (VM)
data and defined as periods of 90 consecutive minutes of zero counts per minute (cpm), including
intervals with nonzero cpm that lasted up to 2 min and were followed by 30 consecutive minutes of
zero cpm. Daily activity and sedentary time were estimated according to VM data and expressed
as steps/day and time in sedentary (<199 cpm), light (200-2689 cpm), moderate (2690-6166 cpm),
vigorous (6167-9642 cpm), and moderate-to-vigorous (>2690 cpm) PA [56]. The manufacturer software
ActiLife 6 was utilized to initialize accelerometers and download data using 60-s epoch length.

2.4. Dietary Assessment

Participants were taught by a registered dietitian how to estimate food servings and sizes of
different food sources and how to complete food diaries. They were allowed to weigh out food servings,
so that they could precisely report the amount of specific food portions, while they were also provided
with colored photographs depicting different portion sizes that they could use to compare their food
weights. Furthermore, complete instructions on how to describe portion sizes based on household
measures or other standard units were also administered to our participants. Participants recorded
their daily dietary intake for seven consecutive days, describing, in as much detail as possible all
portions of food and drinks/water. For commercially available products, the name of the manufacturer,
fat content (i.e., 1%. 2%, etc.), and other related information had to be noted. The Science Fit Diet 200
A (Science Technologies, Athens, Greece) dietary software was utilized to analyze diet recalls and
data regarding total energy (kJ), protein (g/kg/day & g/day), leucine (g/day), branched chain amino
acids (BCAA, g/day), carbohydrates (g/day), fat (g/day), vitamin A (IU/day), vitamin C (mg/day),
vitamin E (mg/day), selenium (ug/day), polyunsaturated fatty acids (PUFA), and monounsaturated
fatty acids (MUFA).

2.5. Systemic Inflammation

Blood samples were collected early in the morning between 07:00 and 09:00 am, after an overnight
fasting. Participants were asked to avoid alcohol and abstain from intense physical activity for >48 h
before blood sampling. Blood was drawn from an antecubital arm vein via a 10-gauge disposable
needle equipped with a Vacutainer tube holder (Becton Dickinson) with participants seated. To separate
serum, blood samples were allowed to clot at room temperature and then centrifuged (15,000 g,
15 min, 4 °C). The supernatant was dispensed in multiple aliquots (into Eppendorf tubes) and stored
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at —80 °C for later analysis of hs-CRP. Serum hs-CRP was quantitatively measured in duplicate using
the C-Reactive Protein (Latex) High Sensitivity assay (CRP LX High Sensitive, Cobas®) on a Cobas
Integra® 400 plus analyzer (Roche) with a detectable limit of 0.01 mg/dL and an inter-assay coefficient
of one standard deviation (1 SD).

2.6. Statistical Analyses

All data are presented as means £ SD. The normality of data was examined using the
Shapiro-Wilk test (n = 17/group). Because our data sets in most of our variables differed
significantly from normal distribution, we rejected the hypothesis of normality and applied
nonparametric tests. To test differences in body composition, daily PA-related parameters, and
dietary macronutrient/micronutrient intake among the two groups (LSI vs. HSI) a Kruskal-Wallis test
was applied. Pearson’s correlation analysis was used to examine the relation of dietary antioxidant
vitamins intake, number of steps, and time in MVPA per day with serum levels of hs-CRP. Correlation
coefficients of r < 0.2, 0.2 <r < 0.7 and r > 0.7 were defined as small, moderate, and high, respectively.
Effect sizes (ES) and confidence intervals (CI) were also calculated for all dependent variables using
the Hedge’s g method corrected for bias. ES was interpreted as none, small, medium-sized, and large
for values 0.00-0.19, 0.20-0.49, 0.50-0.79, and >0.8, respectively. The level of statistical significance was
set at p < 0.05. Statistical analyses were performed using the SPSS 20.0 software (IBM SPSS Statistics).
The G * Power program (G * Power 3.0.10) was utilized to perform power analysis. With our sample
size of 17/group we obtained a statistical power greater than 0.80 at an o error of 0.05.

3. Results

Participants’ characteristics are presented in Table 1. Participants were healthy and had no
pathological levels of hs-CRP. The two groups, though, differed significantly in respect to hs-CRP
values (ESI: 2.1 4+ 0.8 vs. LSI: 0.7 + 0.2 mg/dL, p = 0.00), with ESI displaying a 2-fold elevation in
serum hs-CRP compared to LSI. Averaged BMI values in LSI and ESI were 27.3 & 3.1 kg/m? and
27.9 + 2.5 kg/m?, respectively, which classifies them as nonobese according to the criteria established
by the World Health Organization (WHO) [57]. Moreover, all participants were characterized as
nonsarcopenic, since they exhibited SMI > 7.26 kg/m?, handgrip strength > 30 kg, and physical
performance score in SPPB > 8. No differences were detected in respect to BMI, fat mass, percent of
fat, FFM, LBM, ALM, SMI, and handgrip strength among groups. However, significant differences
were observed in physical performance, with LSI achieving a higher SPPB score compared to ESI (LSI:
11.9 + 0.2 vs. ESL: 11.2 & 1.0; x? = 6.436, p = 0.016; ES = 0.90; 95% CI = —1.63, —0.17).

Table 1. Participants’ characteristics.

Parameter LSI (n =17) ESI (n =17)
Age (years) 68.2 + 2.6 68.7 = 3.0
Body Height (m) 1.71 4+ 0.07 1.73 +0.04
Body Weight (kg) 823 £85 852+£75
BMI (kg/m?) 273 +3.1 279 £25
Fat Mass (kg) 241£70 263 £4.1
Fat (%) 295+ 6.6 318 +21
Fat-Free Mass (kg) 56.3 + 4.6 584 +£5.2
Lean Body Mass (kg) 533 +45 553 +£5.1
ALM (kg) 232+24 244 +21
SMI (kg/m?) 812+ 0.7 813+ 0.6
Grip Strength (kg) 343 +£55 36.7 £ 6.6
SPPB (score) 11.94+0.2 112 +1.01
Sarcopenia Status Non-Sarcopenic Non-Sarcopenic

hs-CRP (mg/L) 0.7 +02 21+082

Data are presented as mean + SD. ALM: Appendicular Lean Mass; SMI: Skeletal Muscle Mass Index; SPPB: Short
Physical Performance Battery; hs-CRP: High-Sensitivity CRP. ! significant difference between groups, p < 0.05,
2 significant difference between groups, p < 0.01.
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Results comparing sedentary time and PA among groups are shown in Figure 1. The two groups
were comparable in sedentary time throughout the day (LSI: 378.2 4= 98.7 vs. ESI: 370.5 & 95.9 min/day;
X2 = 0.008, p = 0.927) and in the time they spent in light PA/day (LSI: 342.9 + 93.1 vs. ESI: 331.7
+ 98.2 min/day; x? = 0.357, p = 0.550), while a trend for significantly more time spent in moderate
PA /day by the LSI group was also observed (LSI: 59.5 £ 16.7 vs. ESI: 44.1 £ 18.2 min/day; XZ =3.637,
p = 0.057). Interpretation of the level of moderate PA by group means examined in relation to the
PA guidelines adopted by the WHO revealed that both groups met the recommendation for at least
150 min of moderate-intensity PA throughout the week.

Figure 1. (A) Sedentary time, (B) time spent in light, (C) moderate, (D) vigorous, (E) moderate-to-vigorous
(MVPA) PA, and (F) total step count throughout the day, in low (LSI) and elevated (ESI) systemic
inflammation groups. Values are presented as mean & SD. * denotes significant difference between
groups at p < 0.05.

By performing an individual examination in both groups, we found that all participants in LSI and
approximately 86% of participants in ESI met this criterion. Significant differences between LSI and
ESI were observed in MVPA and daily step count, with LSI spending more time in MVPA throughout
the day (LSL: 65.2 4 21.5 vs. ESI: 45.9 + 19.8 min/day; x> = 3.997, p = 0.044; ES = 0.91; 95% CI = —1.68,
—0.13) and performing more steps (LSI: 9000.1 + 2496 vs. ESI: 6968.3 & 2075 steps/day; x> = 4.087,
p = 0.043; ES = 0.86; 95% CI = —1.63, —0.08) than ESI, by 42% and 30%, respectively. The average
step count/day for LSI was 9000.1 steps, which is close to the upper recommended limit for older
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adults (7100-10,000 steps/day) [58] while the ESI did not meet these recommendations, performing
6968.3 steps/day. Almost 86% of participants in the LSI group performed >7100 steps daily while
slightly more than half (53%) of participants in the ESI group did so. A longitudinal analysis combining
both groups revealed a trend for an inverse correlation between hs-CRP level and daily step count
(r = —0.37, p = 0.055). Time in vigorous PA/day did not differ among groups (LSI: 5.3 £ 6.9 vs.
ESI: 1.0 & 2.6 min/day; )(2 = 2.315, p = 0.128), probably because of a high interindividual variability.
Moreover, the two groups demonstrated similar PA-related energy expenditure throughout the day;,
as no differences observed in terms of kJ /day (LSI: 2554.3 & 1033.5 vs. ESI: 2654.3 £ 1041.8 k] /day,
p = 0.798) and METs/day (LSI: 1.28 & 0.1 vs. ESI: 1.23 £ 0.1 METs/day, p = 0.203) (Figure 2).

Figure 2. Daily PA-related energy expenditure expressed as (A) k] and (B) METs in low (LSI) and
elevated (ESI) systemic inflammation groups. Values are presented as mean =+ SD.

LSI and ESI demonstrated similar total energy and macronutrient intake throughout the day
(Table 2). The two groups had a daily energy intake of 6949.6-6794.8 k], constituted by 15-16% protein,
38% carbohydrate, and 42% fat. The mean protein intake in both groups was 0.8 g/kg body weight/day,
which represents the recommended daily allowance (RDA) that meets 97.5% of the population [59].
However, approximately 46% of participants in both groups had a daily protein intake of 0.5-0.7 g/kg
body weight/day. Separate analysis in leucine and BCAA intake revealed that both LSI and ESI
received 0.6 g of leucine/kg body weight/day and 0.13-0.14 g of BCAAs/kg body weight/day, which
meets the current recommendations for amino acid intake in adults [59]. The two groups, though,
differed significantly in respect to daily antioxidant vitamin intake, with the LSI group receiving higher
amounts of vitamin A (LSI: 6590.7 £ 2219 vs. ESI: 4701.8 £ 1552.6 IU/day; X2 =5.616, p = 0.018;
ES = 0.95; 95% CI = 1.72, 0.18), vitamin C (LSI: 120.0 & 55.5 vs. ESI: 77.3 & 39.1 mg/day; x? = 5.421,
p =0.020; ES = 0.87; 95% CI = 1.63, 0.11), and vitamin E (LSI: 10.0 & 2.9 vs. ESI: 7.5 £ 3.0 mg/day;
7(2 =4.496, p = 0.034; ES = 0.75; 95% CI = 1.50, 0.01) than ESI, by 37%, 59%, and 33%, respectively.
Moreover, by performing a longitudinal analysis of both groups we observed that daily vitamin A
intake was inversely correlated with levels of hs-CRP (r = —0.39, p = 0.035) (Figure 3). On the contrary,

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Nutrients 2018, 10, 566 8 of 16

daily intake of selenium (LSI: 93.2 £ 29.8 vs. ESI: 96.1 £ 29.7 pug/day, p = 0.793), PUFA (LSI: 10.1 £+ 2.4
vs. ESI: 8.9 £ 2.6 g/day, p = 0.215), and MUFA (LSI: 43.7 4 10.8 vs. ESI: 37.9 4= 10.9 g/day, p = 0.168)
was comparable in the two groups.

Table 2. Dietary macronutrient and micronutrient intake in LSI and ESI groups.

Parameter LSI (n=17) ESI (n =17) p Value x?
Total Energy (kJ/day) 6952.9 £+ 1241.8 6797.8 +1136.8 0.771 0.085
Protein
g/day 63.8 +£20.3 66.9 + 14.6 0.183 1.770
g/kg BM/day 08+03 0.8+02 0.817 0.054
% of total calories 15+27 16 +3.0
Leucine (g/day) 489 +17 513 +1.2 0.430 0.624
BCAAs (g/day) 11.38 £ 3.6 11.53 £2.4 0.533 0.389
Carbohydrates
g/day 156.2 £ 37.6 154.9 £+ 52.7 0.901 0.016
% of total calories 37.7+£69 37.5+84
Fat
g/day 79.3 £12.5 73.7 £ 17.0 0.318 0.996
% of total calories 42.0+40 417+71
PUFA (g/day) 10.1 £24 8.9 +26 0.275 1.191
MUFA (g/day) 43.7 £10.8 37.9 £10.9 0.359 0.840
Vitamin A (IU/day) 6590.7 £ 2219.6 4701.8 +£1552.61 0.018 5.616
Vitamin C (mg/day) 120.0 £ 55.5 773 +39.11 0.020 5.421
Vitamin E (mg/day) 10.0 £29 754301 0.034 4.496
Selenium (ug/day) 93.2+£298 96.1 +£29.7 0.589 0.292

Data are presented as mean + SD. BM: Body mass; BCAA: Branched chain amino acids; PUFA: Polyunsaturated
fatty acids; MUFA: Monounsaturated fatty acids. ! Significant difference between groups.

Figure 3. The relationship between serum hs-CRP level and daily dietary intake of Vitamin A.

4. Discussion

The present study is the first, to our knowledge, to compare the levels of habitual PA, sedentary
time, and dietary intake between healthy elderly men with low and elevated low-grade systemic
inflammation (inflammaging). Our findings suggest that older adults characterized by low levels of
systemic inflammation perform more steps and spent more time in MVPA throughout the day and
they receive higher amounts of dietary antioxidant vitamins (i.e., vitamins A, C, and E) on a daily basis
compared to their counterparts with elevated systemic inflammation.

Participants were categorized as having either “low” or “elevated” low-grade systemic
inflammation according to their serum levels of hs-CRP. This acute-phase protein is considered a
valid and informative marker of inflammaging [60] and has been previously used as a single marker to
identify levels of systemic inflammation in older adults [51]. The term inflammaging, first introduced
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by Franceschi and his colleagues [1], refers to the development of a chronic, low-grade inflammation
phenotype with advancing age. However, the presence of obesity, either in young or older individuals,
results in elevated systemic inflammation, which has been defined as metaflammation (metabolic
inflammation) and is primarily mediated by the adipose tissue [5]. Although the underpinning
mechanisms of inflammaging and metaflammation may be different, these two chronic inflammatory
conditions may overlap [15]. Therefore, in an attempt to focus on inflammaging in this study, we
included only nonobese elderly men (according to WHO criteria). Moreover, LSI and ESI groups
were very homogeneous in terms of body composition, since they did not differ in body weight, fat
mass, percent of fat, FFM, and LBM. All participants were also nonsarcopenic according to the criteria
established by the EWGSOP [49], since the existence of sarcopenia could act as a covariate in our
investigation, interfering with their ability to habitually perform PA [50].

Previous cross-sectional studies have investigated the association between habitual PA and
inflammatory biomarkers in middle-aged and older adults [28-31,33—40]. However, only two
utilized accelerometry to quantify not only the quantity but also the quality (intensity) of habitual
PA in the otherwise healthy elderly with physiological and elevated chronic, low-grade systemic
inflammation [38,39]. This study attempted to extend the current literature by providing insights
concerning the differences in PA and dietary intake profile among elderly men with low and
elevated low-grade systemic inflammation. The use of accelerometry to objectively assess the
quantity and intensity of habitual PA is a strength of our study, as most of the previously cited
studies [28-31,33,36,37,40] are based on questionnaires, self-reports, or interviews. The use of
accelerometers over a 7-day period to assess PA and sedentary time has been reported to be a valid
and reproducible methodological approach in the elderly [61].

Although sedentary time and time spent in light- and moderate-intensity activities throughout
the day were similar between LSI and ESI, we noted that overall the LSI group performed more
steps and spent more time in MVPA on a daily basis. This suggests that not only the volume of
habitual PA but also the intensity in which daily physical activities are performed may interfere
with the development of chronic, low-grade systemic inflammation in older individuals. Our
findings further build on previous reports that higher volume of habitual PA is associated with
lower levels of pro-inflammatory mediators in healthy elderly individuals [29,33,36] and COPD
patients [34]. Moreover, this inverse association between PA and inflammation is suggested to
be dose-dependent, so that the more physically active an individual is, the lower the chronic
inflammatory milieu [29,31,40]. Although only a trend (r = —0.37, p = 0.055) for an inverse correlation
between hs-CRP level and daily step number was observed in our study, possibly because of an
interindividual variability in daily step counts of our participants (we used accelerometers whereas
questionnaires were utilized by others), these findings collectively suggest that habitual PA may
be associated with inflammaging in an inverse, dose-response pattern. Furthermore, it has been
recently reported that the impact of PA on chronic low-grade inflammation is not only dose-dependent
but also intensity-dependent, as moderate-to-vigorous activities induce greater improvements in
the inflammatory profile of older adults while light- or moderate-intensity physical activities are
accompanied by no changes in inflammatory mediators [62]. Indeed, Wahlin-Larsson et al. [39]
found that in recreationally active elderly women, the time spent in MVPA is inversely associated
with serum levels of CRP, a finding also reported in younger individuals [63]. The mechanism/s
through which PA reduces or prevents low-grade systemic inflammation in the elderly remains to
be elucidated. Observational, cross-sectional studies are not designed to identify the mechanisms
that underline the effects of systematic PA on chronic inflammation and as such, more intervention
studies are needed [41,62]. Based on the fact that inflammaging is tightly regulated by the balance
between pro- and anti-inflammatory mediators [64], a possible mechanism could be that PA, and
especially MVPA, suppresses the production of pro-inflammatory cytokines and molecules that trigger
the inflammatory milieu, and enhances the production of anti-inflammatory mediators [41,62,65].
Moreover, the process of inflammaging may be further affected by the age-associated increase in the

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Nutrients 2018, 10, 566 10 of 16

production of reactive oxygen and nitrogen species (RONS) that lead to redox balance disturbances and
subsequent activation of the redox-sensitive NF-«kB signaling pathway that stimulates the expression of
numerous pro-inflammatory mediators such as TNF-c, IL-6, IL-13, and CRP [48,66]. As such, a vicious
cycle of RONS and pro-inflammatory molecule production is propagated, driving a chronic systemic
pro-inflammatory phenotype [48,67]. Regular participation in moderate-to-vigorous intensity exercise
has been shown to attenuate both basal and exercise-induced levels of oxidative damage, enhance the
antioxidant capacity, and improve the DNA repair machinery in healthy, elderly individuals [68,69].
Thus, it can be proposed that systematic MVPA may prevent the development of inflammaging by
lowering the production of RONS and levels of oxidative damage in the elderly.

LSI and ESI also differed significantly in terms of physical performance. More specifically, LSI
exhibited higher performance in the SPPB test compared to ESI and this observation is in line with
previous findings reporting that older adults with elevated systemic inflammation demonstrate lower
physical performance [70,71]. Although the underlying mechanism leading from chronic inflammation
to functional decline has not been clarified yet, it has been reported that systemic inflammation
may impact physical performance by decreasing skeletal muscle mass [14,48]. However, in this
study, the two groups demonstrated similar LBM, ALM, and SMI, indicating that the observed
difference in physical performance was not muscle-mass-dependent. A previous report, though,
by Wahlin-Larsson and colleagues [39] provided evidence that increased systemic inflammation
influences muscle regeneration by decreasing the proliferation rate of myoblasts. In addition, increased
inflammation and cytokine production may also reduce the quiescent satellite cells pool and attenuate
their differentiation capacity [14]. Therefore, it can be assumed that elevated systemic inflammation
may contribute to physical performance deterioration by attenuating the regeneration potential of the
aged skeletal muscle.

We also utilized 7-day recalls to perform a thorough screening of the dietary intake in the LSI and
ESI groups, focusing on macronutrients and micronutrients that have been shown to elicit either a pro-
or an anti-inflammatory effect, and could be therefore characterized as ‘key modifiers” in the process
of inflammaging. LSI and ESI demonstrated similar energy and macronutrient intake, consuming
6794.8-6949.6 kJ/day composed of 15-16% protein, 38% carbohydrates, and 42% fat. Our group
recently conducted a literature review suggesting that protein intake, especially that of whey protein
and soy or isoflavone-enriched soy protein, may indirectly offer antioxidative and anti-inflammatory
benefits beyond its ability to stimulate skeletal muscle protein synthesis [48]. Also, Zhou et al. [72]
performed a meta-analysis on the effects of whey protein supplementation on levels of CRP, concluding
that increased whey protein intake may induce favorable effects on individuals with elevated baseline
CRP levels. However, in this study, we noted that daily protein intake was similar between LSI and
ESI, with both groups receiving on average ~0.8 g/kg BM/day, which is in line with WHO RDA for
protein [59]. BCAA and leucine intake were also compared among groups to provide a qualitative
determination of daily protein intake. Although leucine is classified as a BCAA, we decided to present
it separately because its role may differ from that of the other BCAAs, especially in the elderly where
a higher amount of leucine should be consumed through diet to efficiently stimulate muscle protein
synthesis and preserve muscle loss [73,74]. In our present work, we observed that LSI and ESI had a
similar daily intake of BCAAs and leucine, meeting the recommendations for amino acid intake in
adults [59]. Daily carbohydrate intake was also similar among groups (154-156 g/day), indicating
that it does not play a prominent role in the development of inflammaging. Previous reports have
noted that only increased consumption of high glycemic index carbohydrates may be associated with
increased levels of inflammation [75]. Unfortunately, the determination of glycemic index and glycemic
load in our participants’ daily diets was not feasible.

Similarly, no differences were observed in total fat consumption among groups, with LSI and
ESI receiving 79 and 74 g/day, respectively, which corresponds in both groups to 42% of daily
energy intake. Although previous reports have indicated that increased fat consumption is associated
with elevated systemic markers of inflammation [75,76], this was not the case here. High fat diets,
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and primarily SFA, have been reported to induce substantial alterations in the gut microbial flora
(i.e., increases gut mucosa permeability, epithelial brier disruption) that result in enhanced translocation
of lipolysaccharide (LPS) in the circulation, thus promoting the development of low-grade systemic
inflammation [76,77]. However, it should be highlighted here that not all SFA demonstrate equal
properties and consumption of specific SFA (i.e., C14:0, C15:0, C17:0, CLA, and trans-palmitoleic) has
been associated with positive effects on cardiovascular health [78]. On the other hand, increased intake
of MUFA and/or PUFA has been proposed to counteract the pro-inflammatory cascade by reducing
the translocation of LPS in the circulation [76] and suppressing the eicosanoid and PAF inflammatory
pathways [47]. Indeed, many studies have revealed an inverse association between higher intake of
dietary PUFA and/or MUFA and levels of pro-inflammatory mediators such as hs-CRP and IL-6 [75].
In this study, although no statistically meaningful differences were observed in dietary MUFA and
PUFA intake between groups, LSI displayed a higher intake of MUFA and PUFA, by 15% and 13.5%,
respectively, compared to ESI.

Interestingly, we noted significant differences between LSI and ESI in terms of antioxidant vitamin
intake. More specifically, daily dietary intake of vitamins A, C, and E in LSI was higher by 37%, 59%,
and 33%, respectively, as compared to ESIL. These vitamins play a major role in immune function,
so that adequate intake enhances innate, cell-mediated, and humoral antibody immunity while
deficiency promotes the opposite effects [44,79]. With aging, the production of reactive oxygen and
nitrogen species and that of pro-inflammatory cytokines rises significantly, propagating a vicious cycle
of oxidative stress and inflammation that promotes a chronic low-grade inflammatory state [48,67].
Vitamin A has been shown to promote a T-helper type 2 immune response by reducing the expression of
pro-inflammatory cytokines (i.e., interferon-y, TNF-a and IL-12) and adipocytokines (i.e., leptin) [44,79]
while it may also inhibit the activation of the redox-sensitive nuclear factor-kappa B (NF-«B) [44,79],
a principal mediator of the bidirectional interaction between oxidative stress and inflammation [48].
Moreover, the pivotal role of vitamin A in chronic inflammation is further supported by the fact that a
deficit in vitamin A intake is associated with a pronounced pro-inflammatory state and inability to
cope with pathogens, as well as with reduced phagocytic capacity of macrophages [44]. Vitamin C
also reduces the production of pro-inflammatory cytokines through inhibition of the transcription
factor NF-«B [44]. The anti-inflammatory effect of this micronutrient is further supported by a
previous investigation where vitamin C intake was inversely associated with levels of CRP and
tissue plasminogen activator (t-PA) antigen in elderly men [80]. Furthermore, vitamin C acts as a
potent antioxidant, protecting cells from ROS-mediated oxidative damage, while it may also boost
the synthesis of other antioxidants such as vitamin E [44]. Likewise, vitamin E is able to confer
protection against oxidative stress by increasing the concentration of endogenous antioxidant enzymes,
such as SOD, CAT, and GPX, and it also prevents oxidative damage in the cell membrane [44,81].
Evidence based on human studies indicates that vitamin E supplementation in older adults improves
immune function [44] and is associated with a lower concentration of pro-inflammatory mediators [82].
Collectively, these data corroborate the higher antioxidant vitamin intake observed in LSI in the
present study, indicating that vitamins A, C, and E may contribute to the control of low-grade systemic
inflammation in the elderly. By contrast, no differences were observed in selenium intake between
LSI and ES], although selenium is also considered a micronutrient that may efficiently influence both
innate and acquired immune function and may enhance the antioxidative defense system [44].

5. Conclusions

We found that elderly men with low levels of systemic inflammation are characterized by higher
quality and quantity of habitual PA and ingested higher amounts of antioxidant vitamins A, C, and E
through normal diet when compared to those with increased systemic inflammation. To the best of
our knowledge, this is the first study to directly compare elderly men of low and increased low-grade
systemic inflammation in respect to habitual PA and dietary profile. PA and antioxidant vitamin intake
appear to be discriminant factors of inflammaging and healthy aging. Future research should further
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explore the cause and effect as well as the dose-response relationship between PA and/or antioxidant
vitamins and inflammaging.
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Z0yKPIaN NAIKIWHPEVWVY QVOPWY PE XAUNAR Kat UPNAN XpOvia CUGTNHIKI QAEYLOVI) O€ OEIKTEC
OLVAUNG, 0EEIBWTIKOU OTPEC KAl PAEYHOVNG

Apayavidng Anuntpiog,t MovAlog Abavdaiog,t Adoyou BaaiAikn,! TZat{dkne @sopavng,t
MamavikoAdou Kwvatavtivog,! Kpntikog ZapRag,t Aehr XapikAela,! FewpyakoVAn KaAhionn,*

ALAWVITN ANe€avdpa, Mammdg Ayyedoc,! TUapolptac AbBavdaiog,® datolpog lnavvnct

13 E.®.AA,, Mavemotiuio Osooahiag
25 E.®.AA., Anuokpitelo MavemoTtuio ©pakng

MepiAnwn

ZKOTAG NG PEAETNC NTOV va dlgpeuvrael TNV UTOPEnN dl0Popwv PETAED NAIKIOUEVWY OVOPWY PE
XOUNAR Kot UPnAR XPOvVIO GUCTNUIKY QAeypovh (XZ®), og Ocikteg avooomoInTIKoU GCUCTAMOTOC,
0&€I0WTIKOD OTPEC, AVTIOEEIOWTIKIC IKAVOTNTAC Kol SUVapNG dvw Kal KOTW GKPwv. ZTn PEAETN EAaBav
HEPOG GUVOAIKA 33 LYIEIC, AVOpEG EBENOVTEC NAIKIOG 65-75 €TV, OI OTIOIOI KOTNyoplonoInBnkav pe Bdon
10 emineda ¢ C-avTIdproac MPwIEivng vPnAnig evaiadnoiog (hs-CRP) o 300 ouadec: o) ouada
XapnAnc Xz @ (hs-CRP < 1 mg/L) kai B) opada bnAng XZ@ (hs-CRP > 1 mg/L). OAol 01 GUUUETEXOVTEC
umoBANBNKav o€ a&IOAGYNaN TWV CWHOTOUETPIKWY TOUC XOPOKTNPIOTIKWY, NG 0UGTOONG CWUOTOC HE
MNXOVNUO QAN EVEPYEIAKNAG OMOPPOPNoNg oKTIVAY X (DXA), TNg MEYITTNG dOVONG XEIPOAPNC Kal
Twv 10ME KAatw AKpwv aTo PnXavnua eKTACEIC yovatwy. EmmAéov unoBAROnkav o alpoAnyia yia
Bloxnuikr a&loAdynon TWV AEUKOKUTTOPWY KOl TwV UTOTMANBUCUWV TOUG, TWV TPWTEIVIKWY
KapPovuAinv, mou eival OeikIng 0&eidwong Twv MPWTEIVOY, Kal TNG OGULVOAIKINC OVTIOEEIdWTIKIG
IKavoTnNTag atov 0po. H péon ouykévtpwaon hs-CRP atnv opdda bPnAfg XZ® rjtav mepinouv 4 @opeg
HEYOAUTEPN QMO eKEivn 0TV opada XopnAng XZ® (venAng XZ®: hs-CRP=0.6+0.1 mg/L / XapnAng
XZ®: hs-CRP=2.3+0.8 mg/L, p=0.00). O1 d00 opd&deq dev dlépepav PETa&d Toug ooV aQopa Ta
OWHOTOUETPIKA XOPOAKTNPIOTIKA, TO ikt padag owPOToC, TO T0000TO Aioug, T Amwon pada, tnv
GAImN Pada, T PUiKr gada KaBwg Kot Tn d0vaun xEpoAapng Kat KATw akpwv. Emiong dev evtomiotnkov
OlaQOPEC METOEL TWV OPAdWV OTN CUYKEVIPWON AEUKOKUTTAPWY KOl TPWTEVIKWY KAPBOVUAIWV.
AvTifeTa, ONUOVTIKEG S10QOPEC EVIOTIOTNKAY GTN GUVOAIKI QVTIOEEIOWTIKI) IKAVOTNTO, PE TNV Opdda
XapnAng XZ® va napouatdlel katd 60% vPnAdTEPN AVTIOEEIOWTIKI) IKOVOTNTA an6 TNV OpAda LYNANC
XZ® (p<0.05). ZUUTEPACHATIKA, 1 CUYKEVTPWAT AEUKOKUTTAPWY Kl TPWTEWVIKWY KAPBOVUAIWY OAN
Kal Ta mineda d0vaung 6gv da@opoToloVTal PETAED NAIKIWUEVWY avdPWV HE XauNAR XZ® Kol bnAn
XZd. Qotdoo, Ta ATopa PE XaunAn XZ® xapoktnpidovtal and uPnAdtepn avTIoEEIdWTIKN IKAVOTNTA.

NEEEIC KAEIOIA: XPOVIO GUGTNUIKI QAEYHOVH, ASUKOKUTIOPA, TIPWTEWVIKA KOPBOVOALD, JUTKY) duvapn
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Comparison of elderly men with low and elevated chronic systemic inflammation in indices of

strength, oxidative stress and inflammation

Draganidis Dimitrios,! Poulios Athanasios,! Laschou C. Vasiliki,* Tzatzakis Theofanis,! Papanikolaou
Konstantinos,! Kritikos Savvas,' Deli K. Chariklia,* Georgakouli Kalliopi,* Avloniti Alexandra,?

Pappas Aggelos,! Jamurtas Z. Athanasios,* Fatouros G. loannis?

1S.P.E.S.S., University of Thessaly
23.P.E.S.S., Democritus University of Thrace

Abstract

The aim of the study was to examine differences among elderly men with low and elevated chronic
systemic inflammation (CSI) in indices of the immune system, oxidative stress, antioxidant capacity and
strength of the upper and lower body. A total of thirty-three, healthy, elderly men aged 65-75 years were
included in the study and grouped as either "low" CSI (LCSI: n=16; hs-CRP: < 1 mg/L) or "elevated"
CSI (ECSI: n=17; hs-CRP: > 1 mg/L) according to their serum levels of high-sensitivity CRP (hs-CRP).
All participants were assessed for anthropometrics, body composition via Dual Emission X-ray
Absorptiometry (DXA), handgrip strength and lower limb muscle strength on a leg extension machine.
Blood samples were also collected for the determination of white blood cells (WBC), granulocytes
(GRA), monocytes (MON) and lymphocytes (LYM) concentration as well as for the measurement of
protein carbonyls (PC) and total antioxidant capacity (TAC) in serum. ECSI was characterized by almost
a 4-fold greater hs-CRP value compared to LCSI (ECSI: hs-CRP = 0.6+0.1 mg/L vs LCSI: hs-CRP =
2.3+0.8 mg/L, p=0.00). ECSI and LCSI were comparable in terms of anthropometric characteristics,
body mass index, fat percent, fat mass, fat free mass, lean body mass as well as in handgrip and lower
limb muscle strength. Moreover, no differences were observed among groups in WBC, GRA, MON and
LYM counts and in PC concentration. In contrast, significant differences observed between groups in
TAC, with LCSI displaying a greater antioxidant capacity than ECSI by 60% (p<0.05). In conclusion,
white blood cell counts and protein carbonyl concentration as well as muscle strength of the lower and
upper body are not different among elderly men with "low" CSI and "elevated" CSI. However, those
with low levels of CSI are characterized by a greater antioxidant capacity compared to their counterparts
with elevated CSI.

Keywords: chronic systemic inflammation, white blood cells, protein carbonyl, muscle strength.

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Ewcaywyn

Ze uyin dtopa TPITNG NAIKiag ouxva mapotnpeital n avamtugn XpPOvIag GUTTNUIKIG QAEYHOVIC
(XZ®), n omoia xapoktnpiletar omod au&nuéva EMMEdN TPO-PAEYHOVWON KUTTAPOKIVWV CTNV
KUKAOQOpIa KOTA 2 €wq 3 QOpEC a€ axéan HE TIC PUOIOAOYIKEG Toug TipEG (Calcada et al., 2014). H
eKONAwaN NG XZ® anodideTal 0T YAKPOXPOVIO EKBECT TOU AVOCOTIOINTIKOU GUGTAKOTOC OE AVTIyOVa
Kal GTPECOYOVOUC TAPAYOVTEC (XNMIKOUC, QUOIKOUE /Kal d10TPOPIKOUE) TOL GE GUVOUOOHO HE TNV
onuavtikg adénon oto TPOGdOKIYo (WA TPOAYoUV TNV TOPOTETAUEVN €vepyomoinon Tou
avogonointikol (Claudio Franceschi, 2007; C. Franceschi et al., 2000). To @aivouevo auto otn 61ebvn
BipAoypagia avagepetar w¢ "inflammaging®, Paciopévo ota d00 cuvBeTikd "inflammation® (=
@Aeypovn) kot "aging" (= ynpavaon) (C. Franceschi et al., 2000), evo yia T O1Ayvwaor] Tou Ol KOPIES
METABANTEC Tou a&loAoyoUVTal €ival N CUYKEVIPWON TwV KUTTAPOKIVWV IVTEPAEUKIVN-6 (IL-6) Ko
wtepAeLKivn-1 (IL-1), Tou mapayovta VEKpwang oykwv-a (TNF-a) kabm¢ Kol n ouykévipwon tng C-
avTidpwoag mpwteivng (CRP), 1o mAdoua (Calcada et al., 2014). H XZ® anoteAei pio AmeEIANTIKY yio
TNV Lyeio KaTAoTOoN KOBWC N UTIAPEN TNC EXEl CUVOEDEI PE TNV TOBOYEVEDN OPKETWV XPOVIWY Q0BEVEIWV
Kal YNPIOTPIK®Y GUVOPOUWY OTWC TO YETAROAIKO alVvOpOopo, 0 S1aPrTNG TOTIOL 2, N 0BNPOCKARPWaN, Ol
KapdIOyYEIOKEG KOl VEUPOEKPUAIOTIKEG TOBNOEIC Kal 1 XPOvIa OMOYPOKTIKA Tveupovonabela (De
Martinis, Franceschi, Monti, & Ginaldi, 2005; C. Franceschi, Garagnani, Vitale, Capri, & Salvioli, 2016;
Singh & Newman, 2011).

Z0P@Wva PE T Bewpeia TNG "HOPIOKAE GAEYHOVAC" OTn yAPOVAON, N oToia avoTmTUXBNKE aTIC apxEC
N¢ dekoeTiog Tou 2000 amd toug Chung kat ouvepydtec (Chung, Kim, Kim, & Yu, 2001), ta KOTTOpa
TOU (IVOCOTIOINTIKOU GUVUTIAPXOULV GE EVaV QAUAO KUKAO PE SpaaTIKd €idn o&uyovou kat alwTou (AEOA)
KaTA TOV OT0i0 JIo ONUavTIKr) av&nan ota TEAEVTAi0 TUPOdOTEL TNV au&nuévn KIvnTomnoinaon oTa mpwTa
KATOAYOVTOC OTNV EPQAvIon TNG XZP. Mo cuykekpiyéva, n avénuévn moapaywyri AEOA Adyw Tng
ynpavong o€ ouvOUOOHO HE TN MEIWHPEVN OVTIOEEIDWTIKI] IKOVOTNTO OTA OTOMO OUTA, TPOKOAEI
0EEIBWTIKO OTPEC Kal OLENPEVO OEEIBWTIKG TPOUMOTIOUS 0 PoaKpopdpla onw¢ 10 DNA, ol TpwTEivec
kat Ta Aimidia (Kregel & Zhang, 2007; Meng & Yu, 2010). AuTO €XEl WG OMOTEAETHA T dlATAPOXT) TNG
0&€1000vVaYWYIKNAE 100PPOTIAC KOl TNV EVEPYOTIOINGT TOU PUBUI{OPEVOU OO TNV 0&EIB0OVOYWYIKI)
Kataotaon petaypa@ikol mapayovta NF-kB (nuclear factor kappa B) péow tou omoiou digyeipeTan n
EVEPYOTIOINGT TPO-QAEYUOVASN HOPIWV TNG GAEYHOVNC, KUPIWE Twv KUTTOPOKIVQVY IL-6, 1L-1, TNF-a
kat ¢ CRP (Li, Malhotra, & Kumar, 2008; Powers, Kavazis, & McClung, 2007). Kabwg n diadikaacia
NG Aeypovng e€eAicoetal, au&AveTal n KIVNTOToinan Twv JOVOKUTTAPWY Kol JOKPO@AYWY Ta OTIoid IE
TN o€1pd Toug eKKpivouv mepaltépw AEOA mapateivovtag e autéy Tov TPOTO ToV @AUA0 aUTO KUKAO
(Baylis, Bartlett, Patel, & Roberts, 2013). Qotdoo, n cuykekplpévn Bewpeia Paciletal Kupiwg ot
EPELVNTIKA JEOOUEVO TIPOEPXOUEV OO PEAETEC OE MEIPAMOTOLWA Kal KUTTAPG, VR N dlEPELVNON TNC
o€ NAIKIWPEVA dTopa gival eAMmRC. Emiong dyvwoTo Topapével €v To NAIKIWHEVO ATOPO UE UYNAN
XZ® napouataouv SI0QOPETIKA EMIMESN 0EEIOWTIKOU OTPEC, OVTIOEEIdWTIKNG IKAVOTNTAG KAl KUTTOPWY

TOU OVOCGOTOINTIKOU OO TG OVTICTOIXA ATOMO YE XaUNAN XZO.

EmmA£ov, epeuvnTIKA O€Q0UEVA UTIOOEIKVUOUV OTI NAIKIOPEVO GTOUA e LYNAT XZD Tapouaidlouy

auvénuévo Kivduvo yio ToxUTEPN OMWAEID MUTKAG MAdog Kol dUvaung KoBw¢ Kol yio avamtuén
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oapkoteviag (Draganidis et al., 2016; Schaap et al., 2009; Schaap, Pluijm, Deeg, & Visser, 2006; Visser
et al., 2002). ZUyKeKPIPEVQ, OE JEAETN OTNV OTOI0 GUMPETEIXOV OUVOAIKG 986 AVOPEC KOl YUVOIKES HIE
péan nAikia 74,6 €1 dlamoTwnke 0TI 6001 Xopaktnpilovtav and avénuéva emineda IL-6 kat CRP
Topousiaoav Katd 2 €wg 3 PopEC PEYOAUTEPO Kivouvo amwAelag > 40% tng PUTKAG Toug padag Tpia
XPOVIO apyOTEPD, CUYKPITIKA PE €KEIVOUC TIOU XaPOKTNPidovTav amd XOpNAEC OUYKEVIPWOEIC Twv
OUYKEKPIUEVQWY KUTTOPOKIVQV (Schaap et al., 2006). Mapopoiwg, og deiypa 2177 NAIKIOPEVWV avOpwV
Kat yuvalkov (70-79 €tn) n uynAotepn ouykévipwaon TNF-a TNy apXIKN PETPNCN CUOXETIOTNKE HE
MEYOAUTEPN OMWAELD PHUTKAG Hadag Kot UvapNG TEVTE Xpovia apyodtepa (Schaap et al., 2009). Map’ dAa
autd, n oUYKPIOT PETAED NAIKIWUEVWY OTOPWV HE XaUNAR XZ® Kat uPnAn XZd ge AITOUpYIKA TECT

d0vapng Avw Kat KATW Akpwv Oev €xel dlepeuvnoei.

JUVETWE, O OKOTIOC TNG GUYKEKPIPEVNC MEAETNC ATOV VO CUYKPIVEL NAIKIOUEVOUC AVOPEC JE XAHNAN
XZ® kot vgnAn XZd: i) otoug OEIKTEC TOU OVOOOTIOINTIKOU CUCTAMOTOC: ) AEUKOKUTTOPQ, P)
KOKKIOKUTTOPO, Yy) povomupnva Kat 0) AeP@oKUTTapQ, ii) otov Oeiktn 0&eidwong Twv MPWTEV®V:
TPWTEIVIKA KopBoVUAILQ, iii) 0TV GUVOAIKN QVTIOEEIdWTIKY] IKAVOTNTA TOL 0pol, KOBWC Kal iv) aTn
d0vapn dvw Kol KATw GKpwv PEGw a&1oAGYNang Tng dOvaung XEIPOAARNAG Kat TNG HEYIOTNE d0vaung oTo

MNXOVNHO EKTACELG YOVATWY, OVTICTOIYO.

Mé£Bodoc kat Aladikaaia
S UPUETEXOVTEC

Mo v ebpeon €Bedovicv otnv €uplTEPN TIEPIOXN TNC O0OOAIOG HOIPACTNKAV EVNHEPWTIKA
QUANGSIO KOl TIPOYUATOTIONONKAV EVNUEPWTIKEG OMIAIEG O€ XWPOUC OOV CLXVALoUV ATopa TPITNG
nAkiag (m.x. K.AM.H., kévtpa déAnanc kat avauxnc). H apxikr mpoinobean ntav o1 e6eAoVTEC va
eival avdpeg nAIkiag 65-75 etwv. Mepimou 55-60 eBehovtéc mpoonABav otn Z.E.®.A.A. Tou N.0., aT0
Xwpo Tou SMART Lab, dmou cupmAfpwoav évay EVTUTO 1ATPIKOU I0TOPIKOU KOl EEETACTNKOV EMiONG
amno 1atpd. MPoKEIPEVOL VO GUUTIEPIANPBOUV 0T PEAETN, 01 EO0EAOVTEC ETPETE VO TTANPOLY TO TOPAKATW
KPITAPIO: 0) va gival Pn KamvioTég, B) va eivar avegapTntol gtV KabnuepIvoTNTAa TOUC, Y) va Pnv
TIACXOUV OTIO OTIOIAdNTIOTE XPOVIa IABnan (T.X. METABOAIK], KOPAIAYYELOKT), VEUPOAOYIKT], OVOTIVEUCTIKI)
1 VEQPIKN), O) va [NV TOOXOUV OMO (QAEYHOVAOEIC TOBoelg (T.X. 00TE00PBPITION, PEVMATOELDNG
apbpitida), €) va pnv mdoxouv amd OwPATN TUTOU 2 Kot {) VO PNV XPNOIKOTIoIoUY 1 €X0LV
xpnolgomnolroel mpdo@ata avTIBIOTIKA 1 GAAOU €idOUC QUPUOKEUTIKA OKELOOUOTO TO Omoia Oa
umopoloav va EMNPEACOLY TA EMIMEdN CUOTNUIKIAC GAEYMOVAC. AKOAOUBwG, 33 €BeAOVTEC OI oToiol
TANpoLoaY TO TMAPOTAV®W KPITAPIA CUUTIEPIANPONKOV TEAIKA 0T PEAETN KOl TIPAYUATOTOINCAY TPEIC
OKOUN EMIOKEYEIC. ZTNV TPWTN EMioKEWn, UTORANONKav g€ O&I0AGYNCN TWV CWHOTOUETPIKWY TOUG
XAPOKTNPIOTIK®WY, TNE 0UOTAONE CWHOTOG KAl TNE dUvauNG Gvw Kal KOTW GKPwV. ZTIC EMOMEVEC 6U0
OlaOOXIKEC ETMIOKEYPEIC (U1 EROOUAdA PETA TNV TPWTN EMIOKEYN), Ol EBEAOVTEG TTPOTEPXOVTOV VWPIG TO
TPWI, JETA OO OAOVUKTIO VNOTEID KOt UTIoBAANovVTav G pia atoAnyia (~8-10 ml) yia Tov mpoadiopiouo
TV SEIKTOV TOU AVOTOTOINTIKOU, TOU O&EIBWTIKOU OTPEC, TNG AVTIOEEISWTIKNG IKAVOTNTOC Kal TOU
emmedov XZd. H XZd a&loroyndnke pe Bdon Tig Tipég g hs-CRP (high-sensitivity CRP), émou o

HETOC OPOC TWV TIHWV TNE hs-CRP amo Tig duo PETPATEIC XPNOIKOTIONONKE wC N TEMKN TIN YIo TO KGOE
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dTopo, Kal N Katnyoplomoinan twv edehoviwv oe "xaunAn" XZ® kat "uPnAn" XZd &yve w¢ €&Ne:
"YaunAR" XZo = hs-CRP < 1 mg/L kot "uvpnAn" XZ® = hs-CRP > 1 mg/L, c0U@wva PE TPonyouuevn
peAETn (Draganidis et al., 2018). O1 eBeAOVTEC EVNUEPGONKAV TANPWC YIO TOV OKOTIO TNG GUYKEKPIPEVNG
HEAETNC OAAG Kal yia Ta TIBAVA 0QEAN OO T CUUPETOXAG TOUC KAl OTN CUVEXEID UTIEYpagay EVTUTO
ouvaiveang. H peAétn éxafe €ykplon anod tv Eowtepiki Emitpomnr) Agovtoloyiag Tou Mavemigtnuiou

Oeooaiac.
Aodikaoia pétpnong

S WUOTOUETPIKA XOPOAKTNPIOTIKG KOl 00T 0OPATOC: TO OWHOTIKO BAPOC Kat DPOE TWV CUUHETEXOVTWY
HETPNONKE e akpifela piaou KoL (0,5 kg) Kal piool ekatoatou (0,5 cm) avTioTolxa, o€ PNXoviko {uyod
pe avaotnuouetpo (Beam Balance-Stadiometer, SECA, Vogel & Halke, Hamburg, Germany). O1
€€eTalOPEVOL POPWVTOC EAAPPU POUXICUO Kal Xwpic mamolTola mpayuaTonoinoav TNy PETPNOn ano
opbia B€an 0T0 KEVTPO TOu {UYOU, £XOVTAC TIC PTEPVEC EVWHEVEC KOl T TEAPOTO VO axnuati{ouv ywvia
mepimov 60°, oOpQwva Pe Tponyovpevn HeEAETn (Fatouros et al., 2010). H olotaon ocwpatog
a&lohoyrBnke ag pnNxavnuo OIMANG EVepyEIaKNE amoppo@naong aktivwv X (DXA, GE Healthcare, Lunar
DPX NT, Diegem, Belgium), pe tov e€etaldpevo o€ EomAwTr 0£0n, OMwC ExEl MEPIYPOQEI o€

nponyolpevn yeAétn (Draganidis et al., 2017).

Abvaun dvw Kol KATw akpwv: Ma tnv a&loAoynan g S0Vapng Avw OKpwv PETPRBNKE N JEYIOTN dUVON
XEIPOAOPNC PE TN XPrion @opNnToL ULAPAUAIKOU Xelpoduvapouetpou Jamar (Jamar 5030J1, Jamar
Technologies, Horsham, Pennsylvania, USA). Ot doKiadOuevol EKTEAECOV TNV PETPNON ano KobioTn
Béon, pe Tov OoyKWva va oxnuati¢el yovia 90° kal Tov KopmO o€ 0UdETEPN B£0N KPATWVTOC TO
duvapopeTpo atn Béon 2 (Roberts et al., 2011). Ao autr) T 8€on mpayuatonoInBnkav 3 TPocTatelEC
o€ KOOe XEPL pe JIGAEIUPO 60 dUTEPOAETTWY, OTOU OTNV KABE TIPOOTIAOEIN  EKTEAECTNKE WEYIOTN
I00UETPIKN oUOTIOON Yo 5 JEUTEPOAETTA. QC TEAIKN €MId0ON KATOypAQNKE N WeYaAUTEPN TIPN OF
XIAoypapua (kg). H a&loAoynon tg dUvapng Twv KATw OKPwY EKTIUNONKE PEow Tn¢ ektéAeong 10
pEyIoTwY emavoAnPewv (10 ME) oto pnxdvnua €ktoong yovdtwv. Ot e€etalduevol, PETd Omo
KaTAAANAN poBEéppavan eKTEAOUTOV TO TPWTO CET KOl O€ TEPIMTWAN MOV ATV 0€ BEGN VO EKTEAEGOUV
TEPIOoOTEPEC amo 10 emavaArWElg, 0 EETOOTAG TOUG OTOPOTOUCE KAl TOUG £DIVE JIGAEIUUO 2 AETITQV.
‘Enerta av€dvovtav ta KIAG Kol emixelpoboav delTePn mpoomdbela. Av kol TaAlL ATav e Béon va
EKTEAETOLY TEPIOOOTEPEC amd 10 emavaArwelg, o e€eTaoTtn¢ emavaAdupave tnv idia diodikaagia. H
oladikaaia auth ouvexl{otav PEXPL ot e&talduevol va eKTEAEcouy 10 péyioteg emavaAnyelg (mepimou
3-4 o).

AlpoAnyieg kat diayeipion Twv delypATwY: Ze KaBe atpoAnyio AauBavovtav 8-10 ml apTnplo@AeRIkol
aipgatog amd ™ HECOPACIAIKA PAERQ Kal v 0 e€eTalOMEVOC BpIoKOTaV o€ KaBioTth B€an. Mepimou 2 mi
OloxeTevovTav 0 CWANVa e avumnktiko (EDTA) Kal otn guvéxela TomobeTolviav gToV OUTOMATO
avoAutr aipatog (Mythic 18, Orphee SA, Geneva, Switzerland) yia va mpaypatonoindei n yevikn
avdAuon aipoto¢. Ta umoAoima 6-8 ml poipdloviav e duo CWANVAPIO PE KEVO OEPOC, TO OToia
Topépevav yio 20 Aemtd o€ BepuoKpaciao dwUATIOU Kol 0T CUVEXEID (QUYOKEVTPOUVTaY oTi¢ 3500

OTPOYEC yia 10 Aemtd oToug 4°C. APECWC HETA TN QUYOKEVTPNON TO UMEPKEiUEVO uypd (0pdg)
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OUA\éyovTav Kal polpaldtav g€ cwAnvakia eppendorf kat otn cuvéxela anobnkeboviav atoug -80°C,
Y10 TNV avAAUOT) TV TPWTEIVIKWY KAPBOVUAIWVY, TNG GUVOAIKNAC OVTIOEEIdWTIKNAG IKAvATNTAG Kat ¢ hs-
CRP.

MpWTEVIKA KapBovoria: Mo Tn PETPNON TWV TPWTEIVIKWY KAPPBOVUAIWY TpaypoTonolidnke n Bloxnuikn
avTidpaon tou Kabe deiypotog e 2,4- dinitrophenylhydrazine (DNPH) mou ené@epe n PETOTPOMN TOU
o€ 2,4-dinitrophenylhydrazone (DNP-hydrazone). O mpoadlopiopo¢ NG GUYKEVTPWAONG Tou 2,4- DNP-
hydrazone, TpaypoTOMOIRBNKE PE TN PETPNON TN AMOPPOPNCNG TOU KABE OiyaTOC 0TO QWTOUETPO,
ota 375 nm. H TEAIKA) OUYKEVTPWON TWV TMPWTEVIKWY KAPPBOVUAIWY UTIOAOYI{OTOV GUPQWVA HE TNV
e€iowan: PC (nmol/mL) = (AbSseiyua — AbSwgrs) / 0,022 x 1000/50 (Mohr et al., 2016).

JZUVOAIK] aVTIOEEIdWTIKN IKOVOTNTO: H GUVOAIKN OVTIOEZEIdWTIKN IKOVOTNTO TOou 0pol a&loAoyronke
HEOW NG BIOXNMIKAG aVTIdPACC TV AVTIOEEIOWTIKWV CUCTATIK®Y TOu 0poU pe Tn pila 1,1-diphenyl-2-
picrylhydrazyl (DPPH), katd tnv onoia Ta avTIo&EI0WTIKA OPOLV w¢ OOTEC UBPOYOVOUL TIPOKOAWVTOG TNV
avaywyn TG CUYKEKPIUEVNG PIdag, HEIOVOVTOC PE OUTO TOV TPOTO TN CUYKEVTPWON NG H TeAIKN
OUYKEVTPpWON NG piCag DPPH umoAoyioTnke PETpWVTAC TNV amoppdenan Tou deiypatog ota 520 nm.
Ta anoteAéopata ekppdatnkav w¢ pmol DPPH mou kaBapiotnkav avd ml opoUl, XpnoionolwvIag Thy
e€iowan: [(%Aps peiwaong / 100) x 50 x 50] / 100 (Mohr et al., 2016).

hs-CRP: Mpaypotonoirifnke mogotikn avaiuon tng hs-CRP atov 0po, pe TN PEBod0o TG BOAOCIUETPIKNAG
avAaAUONG EVIOXUUEVNG HE TN Xpron cwuotidinv Aate€ (CRP LX High Sensitive, Cobas®), o€ avaAutr
Cobas Integra 400 plus (Roche). To kat@TtoTo 6plo avixveuong Tng avdAuong rtav 0,1 mg/L kail o
OULVTEAEDTAC dloKDpavong METAgD Twv avaAloewv ATav pia Tumkn andkAion (1 SD) (Draganidis et al.,
2018).

ZTaTIoTIKA AvaAuon

O €Aeyx0( TNG KAVOVIKOTNTAC TV ded0UEVQV TIpayUaTonolronke pe Baon 1o Shapiro-Wilk teot. MNa
TN O1EPELVNON TWV S10POPWV PETAEL Twv dUO OPAdWY (XaunAR XZ® Kat uPnAr XZd) oTic eEapTNUEVEC
HETABANTEC Xpnotuomoindnke 1o T-Test yia ave&dptnta deiypota. To péyebog g emidpaong (MTE)
Kabw¢ Kal ta dlaotruata gumaotootvng (AE) yia Tig e€aptnuéveg YETABANTEC uTTOAOYIOTNKOV PE TN
p€Bodo Tou Hedge’s g. To MTE XapoKTNpioTnKe w¢ KOVEVQ, MIKPO, HETAIOU PeyEBOUC KOl PEYAAO yia
Tiyég 0.00-0.19, 0.20-0.49, 0.50-0.79 kat = 0.8, avtigTorxa. To €MiMEd0 GNUAVTIKOTNTOC OPICTNKE GTO
p<0.05. OAa To 6€dopEVO APOUCIALOVTAL WG PECOC OPOC + TUTIKN AMOKAION. A TIC OTATIOTIKEG

QVOAUGCEIC XPNOIMOTIOINBNKE TO OTATIOTIKO TOKETO SPSS 20.0 (IBM SPSS Statistics).

AnoteAéopaTa

Ta TEPIYPAPIKA XOPAKTNPIOTIKA TV dU0 opddwv Tapouaidlovtal atov Mivaka 1. O1 300 ouddeC dev
OlEQeEPaV PETOEL TOUC 0T CWHOTOUETPIKA XOPAKTNPIOTIKA KOl O TOPAUETPOUG TNG 0UCTOONG CWHOTOC.
Qat600, onuavtiki ATV N d1a@opd Toug aTa emineda XZP pe TNV opdda uPnAng XZ®d va mapouaiadel
0X€d0V KOt 3 Popéc LPWNAGTEPEC TIPEC hs-CRP GUYKPITIKA PE TNV Opdda XapnAng XZ® (xaunAn XZo:
0.6+0.1 / uygnAfq Xz ®: 2.3+0.8, p=0.00, MTE=2.86, AE=-3.84, -1.89).
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Mivakag 1. Mepypa@IKa XOpaKTNPIOTIKA TwV 000 OUAdwWV.

MapduETPOg XounAn XZ®d (N=16) YWnAr XZd (N=17)
HAkia (Tn) 69.1+2.8 68.8+2.9
S HaTIKO OYOog (1) 1.70 £ 0.07 1.72 £ 0.05
ZWHOTIKO Bapog (KIAG) 81.4+76 84.7+55
AME (KING/P2) 26.92 +2.77 27.86+2.51
AIMQOONC pada (KIAG) 23.20+ 6.26 2554 +3.14
ANimoc (%) 29.41 +4.14 31.25+1.72
AN pada (KIAG) 56.89 + 4.26 57.70 £+ 4.35
Muikn pada (KIAG) 53.86 +4.13 55.12+5.11
Muikn pala dkpwv (KIAG) 23.32+2.43 24,15+ 1.83
AgIKTNG PUTKNAG PAZog (KING/P?) 8.03+0.78 8.11+0.64
hs-CRP (mg/L) 0.6+0.1 2.3+0.8*

* 1 YTIodNA®WVEL onUavTIKn dlo@opd HETAEL Twv opddwy, p < 0.01.

Ta anoteAéopata £deiéav 0TI aTtnv a&loAdynaon Tng UVORNG, TOCO 0T PEYIOTN dUVapN XEIPOAPNC
(t(30)=1.139, p>0.05) 600 Kal oTig 10 ME KATW GKPWVY 0TO Pnxavnua €ktacng yovdtwy (t(30)=-0.526,

p>0.05), dev uTtp&av OTATIOTIKA ONUOVTIKES d1aQOPEG METAED Twv OU0 OUAdWY (ZXAHa 1).

Abvopn Katw AKpwv
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=
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— 301
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XapnAt XEd YYnAg Xsd

ZxAua 1. 10ME KAtw GKpwv 0TO PNXAvNUo EKTACEIC yovaTwy (1A) Kat Eylatn d0vapn XEIPOAapng
(1B) oTig duo OpAdEC.
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Eniong and tn olykpion Twv opadwv XopnAn XZ@ kar vPnArn XZd «¢ mpog Tou deiKTEC TOU
QVOCOTOINTIKOU CUCTHUATOC SIOTICTWONKE OTL OEV UTIIPXE OTOTIOTIKA GNUOVTIKI] d1a@opd JETagd Toug
ota emimeda AeUKOKUTTAPwY (t(30)=-1.088, p>0.05), KokKloKUTTApwv (t(30)=-0.963, p>0.05),
povomipnvwv (£(30)=-0.916, p>0.05) kai Aepgokuttdpwv (£(30)=-0.433, p>0.05) (Zxnua 2).

NevkokOtTapa (WBC)

KOKKIOKOTTapa

A 8+ B 5+
74 B 4 B
3 =
o 64 w34
o o
— -
54 24
4 T l T
XapunAn Xz® YynAin Xzo XaunAn Xz YYnAn Xzo
Nepg@okOTTOpa Movottupnva
r 3.0 A 0.8+
2.54 0.6
= =1 |
o o
S S
2.04 0.44
15 . 0.2 T
XopnAn Xso YWnAn Xzo XapnAn X YWnAn Xso

ZXAMO 2. ZUOTNUIKA EMiMEdD AEUKOKUTTAPWY (2A), KOKKIOKUTTAPWY (2B), Aep@okuTTapwy (2I7) Kol

MovonOpnvwv (24A) oTig 300 OAdEC.

ATIO Tn oLYKpPIoN TwV d00 opddwv o€ OEiKTEC 0EEIOWTIKO OTPEC Kal AVTIOEEIdWTIKNC IKAVOTNTAC,
TIPOEKVYIE OTI N CUYKEVTPWOT TIPWTEIVIKWVY KOPBOVUAiwY 0gv dIEpepe PETAEL TWV oudadwv (1(28)=0.334,
p>0.05), wotdoo, ol 6uo OUAdEC TOPOUCIaCAV GNUOVTIKI d10POPA T GUVOAIKI] QVTIOEEIOWTIKI)
IKOVOTNTa TOU 0p0U, PE TNV OpAda XapnAn XZ® va mapouatdlel uPnAOTEPN OVTIOEEIBWTIKNA IKAVOTNTa
amé ™ opdda vPnAR X (1(28)=-2.275, p=0.03, MTE=0.96, AE=0.24, 1.69) (ZxAjua 3).
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MpwTteivika KapBovOoha
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ZxAUO 3. ZUYKEVTPWOT TPWTEIVIKWY KapPBovuAinw (3A) Kal GUVOAIKN ovTIOEEIdWTIKA IKavoTnta (3B)
OTIC OUO OPGDEC.

zoAmoan

3TN GUYKEKPIPEVN PEAETN EETAOTNKE N UTIAPEN S10QPOPWY PETAED NAIKIWUEVWY OVOPWV E XOUNAT
Kal uPnAn XZ®, oe OeiKTEC TOU OVOOOTIOINTIKOU GUCTAUOTOG, OZEIBWTIKOD OTPEG, OVTIOEEIdWTIKNG
IKavOTNTAC Kal TNE d0VauNG TwWv Gvw Kot KAT® AKpwv. Ma To GKOTIO aUTO TIPAYUATOTOONKE BIoXNUIKN
a&loAoynaon yio Tov TPOGdIoPICHO TNC CUYKEVTPWONG TWV AEUKOKUTTAPWY, TWV KOKKIOKUTTAPWY, TV
MOVOTIOPNVWY Kal TwV AEUPOKUTTAPWY OTNV KUKAOQOpPIia KaBWE KAl TNE CUYKEVIPWAONG TPWIEIVIK®OV
KapPovuAiv Kal TG OUVOAIKAG QVTIOEEIDWTIKNG IKavoTnTag otov opd. Ocov agopa tn ouvaun,
a&lohoynonke n peyiotn dovaun xeipoAafric kar ot 10ME ota KATw GKpa GTO WnXavnua €KTOong
YOVATWVY. To anoTEAETUATO TNC PEAETNC UTTOSEIKVOOUVY OTI NAIKIOUEVD ATOUO PE XOUNAT XZ® Kat UYNnAR
XZ® mopouaiddouvy TapopoIn CUYKEVTPWOT AEUKOKUTTAPWY, 0EEIBWTIKOD OTPEC Kal d0vVaUNg, WoT6a0

EKEIVOL PE XOUNAN XZd xapaktnpilovtal amo uPnAoTePn OVTIOEEIdWTIKNA IKavOTNTA.

Ol GUUUETEXOVTEC OTN APOLCO PEAETN OIOXWPIOTNKOV OTIC dUO OPAJEG, XOaUNAR XZ® Kal LWNAN
XZ®, alpewva ye Ta emineda ¢ hs-CRP otov 0pd. O GUYKEKPIYEVOC OEIKTNG CUCTNUIKNG GAEYHOVIS
Bewpeital €vag éykupog Kal a&lomotog oeiktng XZ® (Morrisette-Thomas et al., 2014) kol €xel
XPNOIUOTIOINOEl OE OPKETEG PEAETEC TIPOKEIUEVOU VO KATNYOPIOTIOINCEL NAIKIWUEVA dTopa We Bdon Ta
enineda @Aeypovn¢ (Draganidis et al., 2018; Labonte et al., 2014). O1 duo opddEC Tapouciogav TapopoLa

OWHOTOUETPIKA XOPOKTNPIOTIKA Kol oUOTOCN OWHATOC, YEYOVOC TIOU UTIOONAWVEL 0TI TO OEiypa rTov
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OPKETA OMIOIOYEVEC Kal JIEPEPE POVO WE TIPOC Ta EMimeda XZd. EmMMAE0V, GUUQWVA PE TO KPITHAPIa TOU
Maykoapiou Opyaviopol Yyeiag (WHO) yia tnv mayuoapkio kot pe Bdon Tig Tigeg tou AMZE twv
OUMPETEXOVTWVY, TO ATOUA TWV dUO OPAdWY KATOTACOOVTAl WE PN-TaXVoOPKa, KATL TTOU €ival OnuUavTIKO
Y10 TNV EPUNVEIN TWV OTOTEAEGUATWY TNG CUYKEKPIMEVNG MEAETNG. H UTapén maxuoapkiag £xel cuvoeDei
pE TNV avamtuén XZd, n omoio OPWC OQEIAETal KATA KUPIo AOyo 01O AIMWON 10TO (WETAROAIKT)
@Aeypovn) (Cevenini, Monti, & Franceschi, 2013; C. Franceschi et al., 2016), , Kal 6X1 OTOKAEIOTIKG 0T

yPavan mou €ival Kal 0 oKoTog TN¢ mopoloac HEAETNG.

Méexpt anuepa, n a&lohoynan g Omapéng XZ® oAG Kol n oOYKPIoN TwWV EMMEOWV NG PETOEY
NAIKIQUEVWY aTOpWV BacileTon KaTd KOPIo AOY0 OTN YETPNON TWV KLTTOPOKIVQY IL-1, IL-6, TNF-o Kal
¢ C-avudpnoag mpwteivng (Draganidis et al., 2018; Labonte et al., 2014; Schaap et al., 2009; Schaap
et al., 2006; Visser et al., 2002). Agv uTAPXOLVY JEAETEC TTIOL Va €EETALOUV €AV N AVENCN 0T EMMEDA TV
KUTTOPOKIVGV GUVOJEVETOL OTIO QUENMEVN TUYKEVTPWOT AEUKOKUTTAPWY KOl TwV UTIOTIANBUGH®V TOUG
0€ NAIKIWPEVA dTopa pe XZd. H KivnTomoinon twv AEUKOKUTTAPWY G€ GUVONKEC 0&ging @AeypovNC,
OTWE N AoNTTN AEYUOVH TIOU TIPOKAAEITAI A6 TNV GOKNAN, €iVal GUETN Kal N GUYKEVTPWAT] TOUC GTNV
KUKAo@opia mopapével auénuévn yia 24-48 wpec (Sakelliou et al., 2016). Ta KOKKIOKUTTOPA, TA OTOIx
QMOTEAOLVTOL OTO OUOETEPOPIAD, BACEOPIAN Kal NWOIVOQIAD, auédvovtal €miong auéowg PETE amo
doknaon Adyw g LTaPENC GoNTTNG PAEYHOVIE KOl TTOPAPEVOUV au&nuéva €wg Kat 48 wpec petd (Poulios
et al., 2018). QoT1000, TNV TOPOVC PEAETN dEV TTOPATNPONKAY JIAQOPES OTA ASUKOKUTTOPA Kl TOUG
UTONANBUCMOUG TOug METOEL Twv OUAdwY XOpNA XZ® kot vPnAr XZ®, umodeikviovtag oTl Ta
OUYKEKPIUEVA KUTTAPO TOU OVOCOTOINTIKOU TOPOUCIAlouvV dIOQOPETIKO pOTiBo evepyomoinong o€

ouvOnkeg o&eiog PAgyuovrg Kot XZo.

H ekdnAwaon XZ® ge dtopa Tpitng NAIKiag el omodobei aTn pelwpéVn avTIoEEIdWTIKNA IKavVOTNTa
Kat oTnv augnuévn mapaywyr AEOA Tou £X0UV WE OMOTEAEGUA TNV TIPOKANGCT 0EIBWTIKOU OTPEC Kal
0&£10WTIKOV TPAUUOTIOUOU o€ TpwTEiveg, Aimidia kol DNA (Kregel & Zhang, 2007; Meng & Yu, 2010).
H mapatetapévn av&non ota emineda 0&EIOWTIKOU OTPEC 0dNyei o€ dlaTapoxr TNG 0EEID0AVOYWYIKNG
100ppPOTIAC Kal TNV EMAKOAOULBN €VEPYOTIOINGN TOU WETAYPOPIKOD Tapdyovia NF-KB o omoiog pe
OEIPA TOU OIEYEIPEL TNV EVEPYOTIOINGTN TPO-PAEYUOV®ON KUTTOPOKIVGVY Katl Tn¢ CRP (Li et al., 2008;
Powers et al., 2007). Mg auTO Tov TpOTo €€gAicaeTal N S1OBIKAGIO TNG GAEYMOVIC, KOTA TNV oToia Ta
MOVOKUTTOPA KOl HOKPOQAYa eKKpivouv Tepaltépw AEOA dnuioupywvTag €Tt évav @auA0 KUKAO TIoU
£XEL W AMOTEAETUN TNV HOKPOXPOVIa EKONAWGN PAeypovnc (Baylis et al., 2013; Chung et al., 2001). Z1n
OUYKEKPIUEVN PEAETN 1 GUYKEVTPWON TIPWTEIVIKWV KOpBoVUAiwv, Tou anoTeAei 6eikTn 0&eidwang Twv
TPWIEIVWY, ATAV Topduola OTa AToPO PE XOunAR XZ® kat vPnAn XZ®d. QoT1600, 01 U0 OUAdES
OlEQEPAV ONUOVTIKA PETAED TOUC GOV O@OPA TN GUVOAIKNA OVTIOEEIDWTIKN IKAVOTNTO, UE TNV oudda
XaunANg XZ® va mopouatdlel Katd 60% peyaAlTEPN OVTIOEEIOWTIKY IKOVOTNTO CUYKPITIKA PE TNV
OHAda VPNARG XZD. To GUYKEKPIPEVO E0PNUA EiVal OE GUUQPWVIO PE TIPOCPATN MEAETN N OToia EOEIEE
0TI TO NAIKIWMEVO ATOPO PE XOUNAT XZ® mpooAapBAvouy PEYOAUTEPEC TTOCOTNTEC OVTIOEEIOWTIKWY
Brrapvav JESW TN TPOPRC Kot Eival TEPITOOTEPO dPATTHPIN KATA TN SIGPKEIN TNG NUEPAC, GUYKPITIKA
ME atopa idlag nAIkiag pe uynAr XZo (Draganidis et al., 2018). Emopévag, Ta mopandvew gupruota

amodelkviouy ¢ N OlaTAPNoN TNC OVTIOEEIdWTIKAG IKOVOTNTAG, HECW EMAPKOUG TPOCANUNG
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OlAITNTIKOV AVTIOEEIDWTIKWV KAl YUOIKIC dpaaTNPIOTNTAC, UTOPE va TIPOAAREL TNV kONAwaN XZd gta

dtopa Tpitng NAIKIOC,

MponyoUpeveq UEAETEC £XOLV CUCXETIOEL TO EMTMEDA GUTTNUIKIC PAEYHOVIAG O€ NAIKIOPEVD ATOHA PE
TNV OMWAEID PUTKNAC duvapng (Schaap et al., 2009; Schaap et al., 2006; Visser et al., 2002). Mo
OUYKEKPIUEVD, ATopO pE augnuéva emineda CRP rf/kat TPo@AeyHov®AOn KUTTOPOKIVAV 0Tiwe N IL-6 Kot
0 TNF-q, mapouciogav Katd 2 £m¢ 3 popEG HEYOAUTEPN ATWAELR SUVOUNG 0T EMOUEVA 2-5 XPOVIa, TGO
01N péylotn d0vaun xelpoAafnc (Schaap et al., 2006) 600 Kal ot dUVaPN KATW AKpwv (Schaap et al.,
2009; Visser et al., 2002). Ztnv mopoloa PEAETN WOTOGO, CUYKPIVOVTAC TN MEYIOTN d0VapN XEIPOAARNC
Kal Tig 10ME Kdatw Akpwv PETOED Twv OpAadwY XaunAn XZ® kot vPnAi XZd, dev eviomiotnkav
OTATIOTIKA ONUAVTIKEG O10QOPEC. H amwAgIa JUTKAG d0VOUNG WC OMOTEAETHN TNE XZD @aiveTal Twg
EMEPXETAI PEOW TNC TPOKOAOUPEVNG amo Tn XZd anwAela puikng palag (Draganidis et al., 2016; Visser
etal., 2002). Z0P@wva Pe TPOCQATN AVOCKOTIKI] HEAETN, N XZ® pnopei va 0dnyroel € AMWAEIN PUTKIC
MAZOg KOl AEITOUPYIKAG IKAVOTNTAC, €iTe EGW aLENONG TNG TPWTEGAUCNG EVEPYOTIOIWVTAC TO GUUTIAOKO
TOU TIPWTEOCWHOTOG, €iTe PEOW MeEiwoNg TNC dUVOTOTNTOC EVEPYOTOINONG TWV ONUATOS0TIKWVY
TPWTEIV®V TIOU EMAYOLY TNV MIPWTEIVoolvBeon oto pu (Draganidis et al., 2016). Emopévwg, To yeyovac
0TI 01 dUO OPAdEC 0T TTaPOLCa PEAETN OEV DIEQPEPAV WC TPOC Ta EMITESD SUVARNG AV KOl KATW AKPWY,

umopei va amodobei 0To OTI dev evtomioTnkov PETAED TOUC S10QOPEC OTN PUTKNA pada.

JUUTIEPOCHOTIKG, TO €UPAMOTA TNG TOPOVCAC WEAETNC LTOSEIKVUOLY OTI NAIKIOUEVO GTOUO HE
XaUNAR XZ® kat uPnAf XZd dev d1a@épouv PETa& TOUC wE TTPOC TO CUCTNUIKG EMMEON ASUKOKUTTOPWY
Kal 0&eidwaong Twv TPWTEIV®V, WOTOCO 0l CUUMETEXOVTEC ME XaUNAR XZ® mapouaialouy PeyoAuTepn
QVTIOEEIDWTIKI] IKOVOTNTA OO EKEIVOUC PE LYNAT XZP. H GUYKEVTPWON TwV AEUKOKUTTAPWY KOl TWV
UTOTIANBUC WY TOUG OTNV KUKAOQOPIa @aivetal 0TI dev ennpeddeTal and tnv avamtuén XZd. Avtibeta,
N KOAUTEPN OVTIOEEIOWTIKI 1KAVOTNTO EPQOAVICETAl W ATMOTPEMTIKOC TAPAYOVTOG Yia TNV KONAWGCN
XZ®. EmmA&ov, GTtoda Pe XaunAn Kot uPnAn XZ® dev mapouatdlouvv d1apopeg atn dUvapn Avw Kal

KATW AKPWY EQOTOV TOPOUCIALouv TapOola EMIMEdN PUTKAG padac.

Znuacia yia tnv Modtnta Zwr|g

H ekdNAwan Xpoviag CUCTNUIKIC PAEYUOVIC OTa dTopa TPITNC NAIKIAC €ival pio ameIANTIKA yia TNy vyeia
KaTAoTaoN KaBOTI GUVOEETAl GUETO E TNV TIOBOYEVEDT OPKETWY XPOVIWY OOHEVEIOV Kal YNPIOTPIKWY
OUVOPOUWY, OAMG KOl PE TNV OMWAEID HUIKNAC MALOG Kal AEITOUPYIKAG IKovoTnTag. OAa auta
OUVETAYOVTOL TNV €MISEIVWAON NG TMOIOTNTOG {Wr)¢ OUTWY TWV OTOMWY EXOVTIOC TAPGAANAG goBapo
QVTIKTUTIO OTNV OIKOVOMIKI] TOUC KOTAOTOoN Kabott auavovtal onuavTika Ta £€0da voonAeiag. H
olatpnon TN¢ ovTIoEIdWTIKAG IKAvOTNTAg PE TNV av&non ¢ NnAKIiag eival €vag onuavTIKOC
TOPAYOVTOC IOV PTOPEL va TPOAAREL TNV EKONAWGN XPOVIOG CUCTNUIKAC GAEYMOVAG KOl EMITUYXAVETOI

HEOW €MOPKOUC TPACANWNG SIONTNTIKWV OVTIOEEISWTIKWY Kal QUOIKNE dpaaTnpIoTnTaC.

EuxapioTiec

H GUYKEKPIPEVN PEAETN TIPOYHATOTIONONKE OTa TAGIOI0 O1O0KTOPIKOU TO OTOoi0 XpNUaTtodoTrnke
and 1 Mevikh Mpapuateio Epeuvag kat Texvoloyiog (FTTET) kat To EAANVIKG ‘Idpupa ‘Epeuvac Kal
Kawvotopia¢ (EAIAEK).

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



BiAloypagia

Baylis, D., Bartlett, D. B., Patel, H. P., & Roberts, H. C. (2013). Understanding how we age: insights
into inflammaging. Longev Healthspan, 2(1), 8. doi: 10.1186/2046-2395-2-8

Calcada, D., Vianello, D., Giampieri, E., Sala, C., Castellani, G., de Graaf, A., . .. Bouwman, J. (2014).
The role of low-grade inflammation and metabolic flexibility in aging and nutritional
modulation thereof: a systems biology approach. Mech Ageing Dev, 136-137, 138-147. doi:
10.1016/j.mad.2014.01.004

Cevenini, E., Monti, D., & Franceschi, C. (2013). Inflamm-ageing. Curr Opin Clin Nutr Metab Care,
16(1), 14-20. doi: 10.1097/MC0.0b013e32835adal3

Chung, H. Y., Kim, H. J., Kim, J. W., & Yu, B. P. (2001). The inflammation hypothesis of aging:
molecular modulation by calorie restriction. Ann N'Y Acad Sci, 928, 327-335.

De Martinis, M., Franceschi, C., Monti, D., & Ginaldi, L. (2005). Inflamm-ageing and lifelong antigenic
load as major determinants of ageing rate and longevity. FEBS Lett, 579(10), 2035-2039. doi:
10.1016/j.febslet.2005.02.055

Draganidis, D., Chondrogianni, N., Chatzinikolaou, A., Terzis, G., Karagounis, L. G., Sovatzidis, A, . .
. Fatouros, 1. G. (2017). Protein ingestion preserves proteasome activity during intense aseptic
inflammation and facilitates skeletal muscle recovery in humans. Br J Nutr, 118(3), 189-200.
doi: 10.1017/s0007114517001829

Draganidis, D., Jamurtas, A. Z., Stampoulis, T., Laschou, V. C., Deli, C. K., Georgakouli, K., . . .
Fatouros, 1. G. (2018). Disparate Habitual Physical Activity and Dietary Intake Profiles of
Elderly Men with Low and Elevated Systemic Inflammation. Nutrients, 10(5). doi:
10.3390/nu10050566

Draganidis, D., Karagounis, L. G., Athanailidis, 1., Chatzinikolaou, A., Jamurtas, A. Z., & Fatouros, I.
G. (2016). Inflammaging and Skeletal Muscle: Can Protein Intake Make a Difference? J Nutr.
doi: 10.3945/jn.116.230912

Fatouros, I. G., Douroudos, I., Panagoutsos, S., Pasadakis, P., Nikolaidis, M. G., Chatzinikolaou, A., . .
. Vargemezis, V. (2010). Effects of L-carnitine on oxidative stress responses in patients with
renal disease. Med Sci Sports Exerc, 42(10), 1809-1818. doi: 10.1249/MSS.0b013e3181dbacab

Franceschi, C. (2007). Inflammaging as a Major Characteristic of Old People: Can It Be Prevented or
Cured? Nutr Rev, 65(12), 173-176. doi: 10.1301/nr.2007.dec.S173-S176

Franceschi, C., Bonafe, M., Valensin, S., Olivieri, F., De Luca, M., Ottaviani, E., & De Benedictis, G.
(2000). Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci,
908, 244-254.

Franceschi, C., Garagnani, P., Vitale, G., Capri, M., & Salvioli, S. (2016). Inflammaging and 'Garb-
aging'’. Trends Endocrinol Metab. doi: 10.1016/j.tem.2016.09.005

Kregel, K. C., & Zhang, H. J. (2007). An integrated view of oxidative stress in aging: basic mechanisms,
functional effects, and pathological considerations. Am J Physiol Regul Integr Comp Physiol,
292(1), R18-36. doi: 10.1152/ajpregu.00327.2006

Labonte, M. E., Cyr, A., Abdullah, M. M., Lepine, M. C., Vohl, M. C., Jones, P., . . . Lamarche, B.
(2014). Dairy product consumption has no impact on biomarkers of inflammation among men
and women with low-grade systemic inflammation. J Nutr, 144(11), 1760-1767. doi:
10.3945/jn.114.200576

Li, H., Malhotra, S., & Kumar, A. (2008). Nuclear factor-kappa B signaling in skeletal muscle atrophy.
J Mol Med (Berl), 86(10), 1113-1126. doi: 10.1007/s00109-008-0373-8

Meng, S. J., & Yu, L. J. (2010). Oxidative stress, molecular inflammation and sarcopenia. Int J Mol Sci,
11(4), 1509-1526. doi: 10.3390/ijms11041509

Mohr, M., Draganidis, D., Chatzinikolaou, A., Barbero-Alvarez, J. C., Castagna, C., Douroudos, 1., . ..
Fatouros, 1. G. (2016). Muscle damage, inflammatory, immune and performance responses to
three football games in 1 week in competitive male players. Eur J Appl Physiol, 116(1), 179-
193. doi: 10.1007/s00421-015-3245-2

Morrisette-Thomas, V., Cohen, A. A,, Fulop, T., Riesco, E., Legault, V., Li, Q., . . . Ferrucci, L. (2014).
Inflamm-aging does not simply reflect increases in pro-inflammatory markers. Mech Ageing
Dev, 139, 49-57. doi: 10.1016/j.mad.2014.06.005

Poulios, A., Fatouros, 1. G., Mohr, M., Draganidis, D. K., Deli, C., Papanikolaou, K., . .. Jamurtas, A. Z.
(2018). Post-Game High Protein Intake May Improve Recovery of Football-Specific
Performance during a Congested Game Fixture: Results from the PRO-FOOTBALL Study.
Nutrients, 10(4). doi: 10.3390/hu10040494

Powers, S. K., Kavazis, A. N., & McClung, J. M. (2007). Oxidative stress and disuse muscle atrophy. J
Appl Physiol (1985), 102(6), 2389-2397. doi: 10.1152/japplphysiol.01202.2006

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Roberts, H. C., Denison, H. J., Martin, H. J., Patel, H. P., Syddall, H., Cooper, C., & Sayer, A. A. (2011).
A review of the measurement of grip strength in clinical and epidemiological studies: towards
a standardised approach. Age Ageing, 40(4), 423-429. doi: 10.1093/ageing/afr051

Sakelliou, A., Fatouros, I. G., Athanailidis, I., Tsoukas, D., Chatzinikolaou, A., Draganidis, D., . . .
Mitrakou, A. (2016). Evidence of a Redox-Dependent Regulation of Immune Responses to
Exercise-Induced Inflammation. Oxid Med Cell Longev, 2016, 2840643. doi:
10.1155/2016/2840643

Schaap, L. A., Pluijm, S. M., Deeg, D. J., Harris, T. B., Kritchevsky, S. B., Newman, A. B., . . . Visser,
M. (2009). Higher inflammatory marker levels in older persons: associations with 5-year change
in muscle mass and muscle strength. J Gerontol A Biol Sci Med Sci, 64(11), 1183-1189. doi:
10.1093/gerona/glp097

Schaap, L. A., Pluijm, S. M., Deeg, D. J., & Visser, M. (2006). Inflammatory markers and loss of muscle
mass (sarcopenia) and strength. Am J Med, 119(6), 526 e529-517. doi:
10.1016/j.amjmed.2005.10.049

Singh, T., & Newman, A. B. (2011). Inflammatory markers in population studies of aging. Ageing Res
Rev, 10(3), 319-329. doi: 10.1016/j.arr.2010.11.002

Visser, M., Pahor, M., Taaffe, D. R., Goodpaster, B. H., Simonsick, E. M., Newman, A. B., . . . Harris,
T. B. (2002). Relationship of interleukin-6 and tumor necrosis factor-alpha with muscle mass
and muscle strength in elderly men and women: the Health ABC Study. J Gerontol A Biol Sci
Med Sci, 57(5), M326-332.

Institutional Repository - Library & Information Centre - University of Thessaly
15/10/2023 21:20:09 EEST - 167.114.118.212



Ayoamnté k. Apayavién,

H epyaocia cog pe Titho «ZUyKpLon NAKIWUEVWY avdpwv ME XapunAn Kol uPnAn
Xpovia ocuvotnuiky ¢PAeypovy oe Seikteg Suvapng, oLEWOWTIKOU OTPEG Kol
dAeypovic» n omola €xel katatebel yla dnpoocievon oto neplodikd « ANAZHTHZEIZ
ITH OYZIIKH ATQrH & TON AOAHTIZIMO» €xeL eAeyxBel amo Vo KpLTEG, Ta oXOALA
TwV omoiwv akoAouBouv, kal and gpéva. OAoL TILOTEVOUE OTL N €pYACLa TIEPLEXEL
evlladépovta otolyeia ta omola cuvdEovtal Pe TO TOUG OTOXOUC ToU TtepLodikou. H
epyacia oag¢ yivetal 8ektiy mpog dnpooievon. MapakaAlw Owote PBdon otnv
mapatnpnon Tou kputh 1, mou avadEpel OTL oTNV gpyacia xpelalovial va yivouv
OPLOMEVEG YPOAUUATIKEG KOL CUVTAKTIKEG SLOPOWOELS, Kal OTn CUVEXELX KaTtaBEéote
Vv epyacia otnv teAikkn t™¢ popdn. EAmMilw T OYOAlQ TWV KPLTWV Vol ATV
enolkodountikd yla t S0unon Tng €pyaciag. Zog €uUXAPLOTW Yyl TNV TLUAR TIOU
kavoate va emiléEete TIG «kANAZHTHZEIZ XTH ®OYZIKH ArQrH & TON AGAHTIZMO»
va SnUooLeVOETE TNV Epyacia oag.

Me Ttwun,

Oavaong Tliapouptag, Ph.D., FACSM

Assistant Editor
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