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Abstract: The aging process is associated with loss of
skeletal muscle mass and increase in intramuscular fat,
the latter also defined as muscle attenuation. Muscle
weakness, termed sarcopenia and dynapenia, is a normal
age-related phenomenon, occurring at a rate of 1% to 5%
annually from the age of 30. This rate means that given
typical patterns of physical activity, a 70-year-old wom-
an could have 50% to 70% less strength than she had at
age 30. Contrary to long held beliefs, the muscles of ¢l-
derly women (i.e. aged 65 years and older) continue to be
adaptable, even into the extremes of old age, particularly
if their muscles are significantly overloaded during train-
ing. Therefore, effective strengthening practices must be
employed to maintain the highest level of function and
achieve optimal aging in elderly women. Done regu-
larly (2-3 times a week), strength training preserve bone
density, independence and vitality with age. In addition,
strength training also has the ability to reduce the risk
of osteoporosis and the signs and symptoms of numer-
ous chronic diseases such as heart disease, arthritis and
type 2 diabetes, while also improving sleep and reducing
depression. Finally, though muscle strength has been rec-
ognized as an important predictor for reduced functional
performance, emerging evidence suggests that muscle
power (the product of force time velocity or the rate of
performing work) is highly effective to elicit substantial
improvements in maximal mechanical muscle func-
tion (rapid force generation, muscle power and muscle
strength) and in functional performance in old and very
old women.
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INTRODUCTION

With a significant demographic change in the Balkans
and the rest of the world, with regard to the increase in the
number of third-person animals, the growing interest of the
community is evident in creating effective strategies to cope
with muscular atrophy that results from aging. This mus-
cular weakness, defined by the notion of sarcopenia I by
Diappenia, represents the normal physiological response of
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Sazetak: Starenje je proces povezan gubitkom miSic-
ne mase i porastom intramuskularnih masti. MiSi¢na
slabost, definisana kao sarkopenija i dinapenija, pred-
stavlja normalan fenomen povezan sa procesom stare-
nja koji se ostvaruje po stopi od 1% do 5% godiSnje
nakon 30. godine Zzivota. Ova stopa zapravo znaci da
ukoliko se radi o uobicajenom nivou fizicke aktivnosti,
70-godisnja zena ¢e se odlikovati za 50-70% manjim
nivoom snage od nivoa koji je imala u 30. godini Zi-
vota. Nasuprot dugogodi$njim verovanjima, misi¢no
tkivo Zena trece zivotne dobi (npr. starosti 65 godina)
je veoma adaptabilno i nastavlja to da bude do dubo-
ke starosti, ukoliko su miSi¢i znacajno nadoptereceni
tokom trenaznih epizoda. Stoga, efektivan trening sna-
ge je neophodan u cilju oCuvanja visokog nivoa funk-
cionalnosti i dostizanja optimalne starosti. Redovno
sprovoden trening snage (2-3 puta nedeljno) u stanju
je da oCuva gustinu kostiju, nezavisnost i znacajan nivo
vitalnosti sa starenjem. Takode, trening snage je u sta-
nju da smanji rizike za nastanak veceg broja hroni¢nih
oboljenja poput sr¢anih oboljenja, artritisa i dijabetesa
tipa 2, ali i da poboljsa kvalitet sna i smanji simptome
depresije. Konacno, iako je miSi¢na snaga prepoznata
kao vazan prediktor smanjene funkcionalnosti zena tre-
¢e zivotne dobi, narastajuéi broj dokaza ukazuje na to
da eksplozivna snaga (proizvod sile i brzine, ili stopa
vrenja rada) predstavlja parameter koji direktno utice
na mehanicke osobine misica (brz prirast sile) i veliki
broj parametara funkcionalnih performansi na uzorku
zena trece zivotne dobi.

Kljuéne reci: vezbanje, sarkopenija, eksplozivna snaga

Uvop

Sa znacajnom demografskom promenom na Balka-
nu ali i celom svetu sa aspekta porasta broja osoba trece
zivone dobi, evidentan je i narastajuci interes zajednice
za kreiranjem efikasnih strategija koje bi se nosile sa mi-
Si¢nom atrofijom koja nastaje kao posledica starenja. Ta
miSi¢na slabost, definisana pojmom sarkopenija i odne-
davno dijapenija, predstavlja normalan fizioloski odgo-
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the mechanism to the aging process, and occurs at a rate of
1% to 5% per year starting from the age of 30 (Lindel et al.,
1997). This practically means that the average person in 70
years of age has a 50-70% lower level of power compared
to his 30s. The rate of decline in power levels depends on
the level of physical activity, however, people who are less
physically active have more pronounced loss of muscle than
those who are physically active (Bortz, 2002).

Sarcopenia is a term originally presented by Rosen-
berg in 1989 (Rosenberg, 1989), and is a loss of muscle
mass as a result of aging. However, the meaning of this
term often extends to the loss of muscular strength and
other parameters of functionality of persons of third age.
Although sarcophenia also contributes significantly to the
effect of loss of muscle function during the aging process,
it is considered necessary to separate these two terms since
the loss of muscle mass is not in direct correlation with loss
of muscular strength (Clark & Manini, 2008), which is re-
sponsible for a greater number neurological peculiarities
of the aging process (Clark & Manini, 2008; Duchateau &
Enoka, 2002). Consequently, a new term, Diaphenia, was
used recently, referring primarily to the loss of muscular
strength parameters as a result of aging (Clark & Manini,
2008). Muscle mass declines at a rate between 3% and 8%
for every decade of life since the age of 30 (Fleck et al.,
2011), which means a loss of about 0.2 kg of muscle mass
per year. This loss is increased to 5 to 10% or about 0.4
kg per year after each decade of life of 50 years (Nelson
et al., 1994). Muscle metabolism is a very significant part
of total basal metabolism and consequently plays a major
role in the decline in basal metabolism at the rate of 2-3%
per adult life span (Wolfe, 2006). Since basal metabolism
makes about 65-70% of daily calorie consumption in the
sedentary adult population, the reduction in muscle mass
can significantly contribute to the rise in subcutaneous fat
tissue in this population (Wolfe, 2006).

Loss of muscle mass and aging is a clinically sig-
nificant phenomenon on the sample of women because it
leads to a decrease in the level of strength and functional-
ity, which has significant consequences for everyday ac-
tivities. Moreover, loss of muscle mass is a powerful pre-
dictor of mortality in the third lifespan (Szulc et al, 2010).

After 60 years of age, the level of explosive power
drops significantly more than the level of absolute power
at a rate of as much as 3-5% per year, significantly af-
fecting the ability to perform explosive or sudden move-
ments. This loss of explosiveness in the broader sense
seems to be the leading cause of a greater number of
falls on a sample of people of third age, which in turn
strengthens sedentary habits (Bortz, 2002). The loss of

vor mehanizma na process starenja, i javlja se stopom od
1% do 5% godisnje pocevsi od 30. godine zivota (Lindel
isar.,1997). Ovo prakti¢no znaci da prose¢na osoba u 70.
godini Zivota ima za 50-70% nizi nivo snage u odnosu na
svoje 30. godine. Stopa opadanja nivoa snage zavisi sva-
kako i od nivoa fizicke aktivnosti, osobe koje su manje
fizicki aktivne imaju izrazeniju stopu gubljenja miSi¢ne
mase od osoba koje su fizicki aktivne (Bortz, 2002).
Sarkopenija je termin originalno predstavljen od
strane Rozenberga jo§ 1989. godine (Rosenberg, 1989), i
predstavlja gubitak msi¢ne mase kao posledice starenja.
Ipak, znacenje ovog termina se ¢esto prosiruje i na gubitak
misi¢ne snage i ostalih parmetara funkconalnosti osoba
trece zivotne dobi. lako sarkopenija znacajno doprinosi i
efektu gubitka misSi¢ne funkcije tokom procesa starenja,
smatra se da je potrebno razdvojiti ova dva termina s obzi-
rom na to da gubitak miSi¢ne mase nije u direktnoj korela-
ciji sa gubitkom misi¢ne snage (Clark i Manini, 2008), za
Sta je odgovoran veci broj neuroloskih specifi¢nosti pro-
cesa starenja (Clark i Manini, 2008; Duchateau i Enoka,
2002). Shodno tome, nedavo je upotrebljen novi termin ,
dijapenija, koji se odnosi pre svega na gubitak parameta-
ra miSi¢ne snage kao posledice starenja (Clark i Manini,
2008). Misi¢na masa opada po stopi izmedu 3% i 8% za
svaku deceniju zivota od 30. godine (Fleck i sar., 2011), §to
prosecno znaci gubitak oko 0,2kg misi¢éne mase godisnje.
Ovaj gubitak se povecava na 5 do 10% ili na oko 0,4kg
et al., 1994). Misi¢ni metabolizam je veoma znacajan deo
ukupnom bazalnog metabilizma i posledicno igra veliku
ulogu u padu bazalnog metabolizma po stopi od 2-3% po
to da bazalni metabolizam ¢ini oko 65-70% dnevne kalo-
rijske potroSnje kod sedentarne odrasle populacije, sma-
njenje misi¢ne mase moze znacajno doprineti porastu pot-
koznog masnog tkiva kod ove populacije (Wolfe, 2006).
Gubitak miSi¢ne mase sa starenjem je klinicki znacajan
fenomen na uzorku Zena jer dovodi do smanjenja nivoa snage
I funkcionalnosti, $to ima znacajne posledice po svakodnevne
aktivnosti. Stavise, gubitak misi¢ne mase je snazan prediktor
smrtnosti u treéem zivotnom dobu (Szulc et al, 2010).
Nakon 60. godine Zivota, nivo eksplozivne snage
opada i znac¢ajnije od nivoa apsolutne snage, po stopi od
cak 3-5% godisnje, znacajno negativno uticuci na spo-
sobnost izvodenja eksplozivnih ili naglih pokreta. Ovaj
gubitak eksplozivnosti u Sirem smislu je izgleda vodeci
uzrok vec¢em broju padova na uzorku osoba trece zivotne
dobi, $to posledi¢no uc¢vrscuje sedentarne navike (Bortz,
2002.). Gubitak miSi¢ne mase je posledica smanjenog
broja mis¢nih vlakana i smanjenim popre¢nim presekom
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muscle mass is due to a decrease in the number of mus-
cle fibers and a decreased cross-section of the remaining
muscle cells, with fast muscle fibers showing a greater
downward trend, especially in late life (Andersen, 2003).

Taken together, these results indicate that quantitative
and qualitative changes in the muscle structure lead to a pro-
gressive decline in overall muscular performance, with the
parameters of the explosive power losing faster than the pa-
rameters of absolute power. (Skelton et al, 1994; Skelton et
al, 2002). From the standpoint of functionality, this leads to
a significantly reduced ability to perform daily activities and
to a greater subjective sense of effort for common activities
(Hortobagyi et al., 2003). It is important to note, however,
that while the general ability to perform movement decreas-
es in the third life of the age, the ability to perform rapid
and fast turns, such as the ability to maintain an equilibrium
position in situations of disturbed balance (Pijnappels et al,
2005), is particularly affected.

Sarcopenia and diaphenia have significantly in-
creased in the last decade or two. (Sayer et al., 2013). To-
day we still have a shortage of pharmacological studies
that indicate effective strategies for treating sarcopenia
or diaphenia. On the other hand, the growing number of
evidence points to the importance of strength training for
people of third age and especially women in the struggle
with these two phenomena (Burton & Sumukadas, 2010),
since it is established that strength training has a signifi-
cant impact on all neurological and muscular mechanisms
that lead to a rise in power (Duchateau & Enoka, 2002).
Thus, a series of fundamental research published in the
early 90’s of the 20th century by Faltarone et al. (Fiatarone
et al., 1990) in prestigious scientific journals (Fiatarone
et al., 1994) pointed to the extremely high importance
of strength training on the rise strong muscle character-
istics, but also a whole set of parameaters of functional-
ity on a sample of people of third age. Thus, the first of
these studies has shown that people of third age can in-
crease the level of strong abilities for an incredible 174%,
a cross section of 9% and a speed of 48% for 8 weeks
of strength training (Fiatarone et al., 1990)! Furthermore,
maximum muscle activation has been shown to increase
by 49% after 6 weeks of strength training (Kamen &
Knight, 2004). And other muscle parameters increase as
a result of strength training, such as the size of the muscle
cell or stiffness of the tendon (10% and 64%, respectively)
(Reeves, Maganaris, & Narici, 2003). 24 week training,
supported by increased protein intake, leads to an increase
in the cross section of muscle by almost 5% on the third-
year female sample. (Chale et al., 2013). With the advent
of the 21st century, we know that the muscle fiber has a

preostalih misi¢nih Celija, sa tim da brza misi¢na vlakna
pokazuju veci trend opadanja, narocito u kasnoj zivotnoj
dobi (Andersen, 2003).

Uzeto zajedno, ovi rezultati ukazuju na to da kvan-
titativne 1 kvalitativne promene u strukturi miSica dovode
do progresivnog opadanja ukupnih mi$i¢nih performansi
pri cemu se parametri eksplozivne snage gube brze od
parametara apsolutne snage. (Skelton i sar, 1994; Skel-
ton i sar., 2002). Sa stanovi$ta funkcionalnosti, ovo do-
vodi do znacajno smanjene sposobnosti za izvodenjem
svakodnevnih aktivnosti i do veceg subjektivnog osecaja
napora za uobicajene aktivnosti (Hortobagyi i sar., 2003).
Vazno je ipak napomenuti da iako opSta sposobnst izvo-
denja kretanja opada u tre¢oj zivotnoj dobi, posebno pada
sposobnost izvodenja naglih i brzih okreta poput sposob-
nosti zadrzavanja ravnoteznog poloZaja u situacijama
naruSene ravnoteze (saplitanje) (Pijnappels i sar.,2005).

Istrazivanja sarkopenije i dijapenije su znacajno po-
rasla po obimu u poslednjih deceniju ili dve. (Sayer i sar.,
2013). Danas imamo jo$ uvek manjak farmakoloskih stu-
dija koje ukazuju na efikasne strategije tretiranja sarko-
penije ili dijapenije. Sa druge strane, narastajuci broj do-
kaza ukazuje na znacaj treninga snage na osobama trece
zivotne dobi a narocito zena u borbi sa ova dva fenomena
(Burton i Sumukadas, 2010), s obzirom na toda je utvde-
no da trening snage ima znacajan uticaj na sve neurolos-
ke 1 miSi¢ne mehanizme koji dovode do porasta snage
(Duchateau i Enoka, 2002). Tako, serija temeljnih istra-
zivanja publikovanih ranih 90. godina 20. veka od stane
Fiataronea i saradnika (Fiatarone i sar., 1990) u prestiz-
nim nau¢nim ¢asopisima (Fiatarone i sar., 1994) su uka-
zali na ekstremno veliki znacaj treninga snage na porast
snaznih karakteristika miSica ali i Citavog seta parame-
tara funkcionalnosti na uzorku osoba trece Zivotne dobi.
Tako, prva od ovih studija je pokazala da osobe trece zi-
votne dobi mogu da povecaju nivo snaznih sposobnosti
za neverovatnih 174%, poprecni presek za 9% i brzinu
hoda za 48% tokom 8 nedelja treninga snage (Fiatarone i
sar., 1990)! Dalje, pokazano je da maksimalna aktivacija
misica raste za 49% nakon 6 nedelja treninga snage (Ka-
men i Knight, 2004). I drugi parametri misica rastu kao
posledica treninga snage, poput veli¢ine misSi¢ne Celije
ili krutost tetiva (10% i 64%, redom) (Reeves, Magana-
ris 1 Narici, 2003). Trening snage u trajanju od 24 nede-
lje, podrzan porastom unosa proteina dovodi do porasta
poprecnog preseka misi¢a od skoro 5% na uzorku Zena
tre¢e zivotne dobi. (Chale i sar., 2013). Sa ulaskom u 21.
vek znamo da misSi¢no vlakno ima znacajnu sposobnost
hipertrofije (~30% nakon 16 nedelja treninga), prome-
ne tipa misi¢nog vlakna (IIX u I1A), i ima sposobnost
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significant ability of hypertrophy (~ 30% after 16 weeks of
training), a change in the type of muscle fiber (IIX in I1IA),
and has the ability to incorporate additional nuclei into the
muscle fiber creating the assumption of muscular hyper-
trophy (Hikida et al ., 2000). Finally, these adaptations are
comparable and similar levels as well as adaptations that
force training produces on people younger age. Today,
it is generally accepted that the effectiveness of strength
training depends on a large number of parameters and that
this is one of the main reasons for the variability of the
positive effects in the studies. The recent meta-analysis
of Peterson and associates dealt with the determination of
critical apprentices of strength training in order to achieve
positive effects (frequency, duration, intensity, total scope
of training, etc.). (Peterson, Rhea, Sen, & Gordon, 2010;
Peterson, Sen & Gordon, 2011). The authors have identi-
fied two critical parameters that influence the positive ad-
aptations of power training. The first intensity is associated
with more pronounced positive effects, and the difference
between low to moderate and high intensity leads to an
average difference of about 5% (Peterson et al., 2010).
Second, the peak volume of strength training, defined as
the total number of batches during training, is also associ-
ated with more pronounced effects (Peterson et al., 2011).
These results indicate that for every 10 additional series
after training, people of the third age can expect a 0.5 kg
muscle mass increase. (Peterson et al., 2011). It should also
be noted that with increasing age, the effect of strength
training on the parameters of hypertrophy decreases (Pe-
terson et al., 2011). Some scientists thought that there were
so-called “non-responders” among third-age person life-
force trainees (Bamman, Petrella, Kim, Mayhew, & Cross,
2007); However, recent retrospective studies have found
that, although there are significant individual differences
among respondents, the level of response and effects of
training is directly dependent on the duration of interven-
tion, with more positive effects in longer studies, thereby
determining that there are no “non-responders” “(Church-
ward-Venne et al., 2015).

THE BENEFITS OF STRENGTH TRAINING TO THE

HEALTH STATUS PARAMETERS

The strength training has positive effects on a large
number of parameters of the health status of women of
third age. Below the text will be listed some of which
were most often the subject of quality studies.

AN INCREASE IN BASAL METABOLISM
Power training stimulates protein synthesis and thus
achieves a dual effect on metabolic consumption in peace

ugradivanja dodatnih jedara u misi¢no vlakno stvarajuci
pretpostavku misiéne hipertrofije (Hikida i sar., 2000).
Konac¢no, ove adaptacije su uporedive i slicnog nivoa
kao i adaptacije koje trening snage proizvodi na osoba
mlade zZivotne dobi. Danas je opSteprihvaceno da efika-
snost treninga snage zavisi od velikog broja parametara i
da je to jedan od osnovnih razloga varijabiliteta pozitiv-
nih efekata u studijama. Nedavna meta analiza Petersona
i saradnika bavila se utvrdivanjem kriti¢nih parametara
treninga snage u cilju ostvarivanja pozitivnih efekata
(frekvencija, trajanje, intenzitet, ukupni obim treninga i
sl). (Peterson, Rhea, Sen i Gordon, 2010; Peterson, Sen i
Gordon, 2011). Autori su utvrdili dva kriticna parametra
koji uticu na pozitivne adaptacije treninga snage. Prvo-
visi intenzitet je povezan sa izraZenijim pozitivnim efek-
tima i razlika izmedu niskog ka umerenom i visokom
intenzitetu dovodi do prosecne razlike od oko 5% (Pe-
terson i sar., 2010). Drugo, poveéan obim treninga snage,
definisan kao ukupni broj serija tokom treninga je takode
povezan sa izrazenijim efektima (Peterson i sar., 2011).
Ovi rezultati ukazuju na to da za svakih 10 dodatnih se-
rija po treningu osoba trece zivotne dobi moze ocekivati
porast misi¢ne mase od 0,5kg. (Peterson i sar., 2011). Ta-
kode, treba naglasiti da sa porastom starosti opada i efe-
kat treninga snage na parametre hipertrofije (Peterson i
sar 2011). Neki nauc¢nici u smatrali da postoje i tzv “non-
responderi” medu osobama tre¢e Zivotne dobi na trenin
snage (Bamman, Petrella, Kim, Mayhew i Cross, 2007);
Ipak, nedavne retrospektivne studije su utvrdile da iako
postoje znac¢ajne individualne razlike medu ispitanicima,
nivo odgovora i efekata treninga je direktno zavistan od
duzine trajanja intervencije, sa pozitivnijim efektima koji
nastaju u duzim studijama i time utvrdujuéi da ne posto-
je osobe koje su “non-responderi”’(Churchward-Venne i
sar., 2015).

DOBROBITI TRENINGA SNAGE NA PARAMETRE

ZDRAVSTVENOG STATUSA

Trening snage ostvaruje pozitivne efekte na veliki
broj parametara zdravstvenog statusa Zena trece zivotne
dobi. U nastavku teksta bi¢e navedene neke koje su naju-
Cestalije bile predmet kvalitetnih studija.

PORAST BAZALNOG METABOLIZMA

Trening snage stimuliSe sintezu proteina i tako
ostvarue dualni efekat na metabolicku potrosnju u miru
(Evans, 2001). Prvo, kao hroni¢ni odgovor, porast misi¢-
ne mase zahteva i vecu potro$nju energije za svakodnev-
no odrzavanje. Pokazano je da 1kg miSic¢a dovodi do po-
rasta energetske potrosnje za oko 20 kilokalorija dnevno
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(Evans, 2001). First, as a chronic response, an increase in
muscle mass requires higher energy consumption for day-
to-day maintenance. It has been shown that 1kg of muscle
leads to an increase in energy consumption of about 20kg
per day (Strasser & Schobersberger, 2011). Furthermo-
re, acutely, strength training leads to a larger number of
microtrauma that require large amounts of energy in the
process of remodeling and recovery that can last up to 72
hours after training. Studies have shown a statistically si-
gnificant increase in basal metabolism (7%) several weeks
after power training (Van Etten et al., 2007). However, re-
cent studies have shown a similar increase in metabolic
consumption (5% to 9%) over a period of 3 days after one
session of strength training (Heden, 2011). People who
performed intense training efforts increased basal me-
tabolism by 8% (trained) or 9% (untrained respondents)
(Hackney, 2002). Based on these studies, it can be noted
that strength training leads to an increase in metabolic con-
sumption in peace for about 100 kilocalories.

REDUCTION OF SUBCUTANEOUS FAT TISSUE

The increased percentage of subcutaneous tissue is
associated with a whole range of risks to the health status
of third-age women such as increased cholesterol, blood
sugar levels, blood pressure, which together increases the
risk of type 2 diabetes and cardiovascular disease (Strasser
& Schobersberger, 2011) . In their review article, Strasser
and Schoberberger conclude that strength training is a re-
commended procedure in the management of obesity and
metabolic disorders. In relation to the percentage of body
fat, several studies have shown that after training, stren-
gth can increase in weight of a body weight of about 1.4
kg and a simultaneous reduction of 1.8 kg of fat deposits
(Westcott et al., 2009). In relation to central obesity that
seems to bear higher health risks than the total amount of
subcutaneous fat, research has shown a significant loss of
abdominal fat on a sample of third-age women (Hunter et
al., 2002). Harley et al. (Hurley et al., 1995) have found
that potential factors that can lead to the reduction of ab-
dominal subcutaneous tissue as a consequence of strength
training are the increase in metabolic consumption in pea-
ce, improved insulin sensitivity, and increased sympathetic
activity. However, the increase in metabolic consumption
in a peace factor that contributes most to the loss of fat ti-
ssue. Circular power training for 20 minutes can consume
up to 200 kcal and an additional 25% (50 kilicals) during
the recovery process during the first 4 hours (Haltom et al.,
1999). Moreover, during the next 72 hours, an additional
consumption of 100 kilocalories per day can be expected,
which makes up about 500 kilocalories of consumption for

(Strasser i Schobersberger, 2011). Dalje, akutno, trening
snage dovodi do veceg broja mikrotrauma koje zahte-
vaju velike koli¢ine energije u procesu remodelovanja i
oporavka koje moze trajati i do 72 sata nakon treninga.
Istrazivanja su pokazala statisticki znacajan porast bazal-
nog metabolizma (7%) nekoliko nedelja nakon treninga
snage (Van Etten i sar., 2007). Ipak, skorije studije su po-
kazale sli¢an porast metabolicke potrosnje (5% do 9%) u
periodu od 3 dan nakon jedne sesije treninga snage (He-
den, 2011). Osobe koje su sprovodile intenzivni trening
snage su povecale bazalni metabolizam za 8% (trenirani)
ili 9% (netrenirani ispitanici) (Hackney, 2002). Na osno-
vu ovih studija moze se konstatovati da trening snage do-
vodi do porasta metabolicke potrosnje u miru za oko 100
kilokalorija.

SMANJENJE POTKOZNOG MASNOG TKIVA

Povecan procenat potkoznog msnog tkiva je pove-
zan sa Citavim nizom rizika po zdravstveni status zena
trece zivotne dobi poput povecanog holesterola, nivoa
Secera u krvi, krvnog pritiska, §to sve zajedno povecava
rizike od nastanka dijabetesa tipa 2 kao i kardiovaskular-
nih oboljenja (Strasser i Schobersberger, 2011). U svom
preglednom ¢&lanku, Straser i Sobersberger zakljutuju
kako treninga snage predstavlja preporucenu proceduru
u menadzmentu gojaznosti i metabolickih poremecaja.
U odnosu na procenat masnog tkiva, nekoliko studija je
pokazalo da nakon treninga snage moze do¢i do porasta
nemasne mase tela od oko 1.4 kg i istovremenog sma-
njenja 1,8 kg masnih naslaga (Westcott i sar.,2009). U
odnosu na centralnu gojaznost koja izgleda nosi vece ri-
zike po zdravstveni status od ukupne koli¢ine potkoznog
masnog tkiva, istrazivanja su pokazala znaCajan gubitak
abdominalnih masti na uzorku Zena trece Zivotne dobi
(Hunter 1 sar., 2002). Harli i sar. (Hurley i sar.,1995) su
utvrdili da su potencijalni faktori koji mogu dovesti do
smanjenja abdominalnog potkoznog tkiva kao posledi-
ce treninga snage porast metabolicke potrosnje u miru
, poboljsana osetljivost na insulin i poveéana simpate-
ticka aktivnost .Ipak, izgleda da je porast metabolicke
potrosnje u miru faktor koji najvise doprinosi gubitku
masnog tkiva. Kruzni trening snage u trajanju od 20 min
moze potrositi i do 200 kilikalorija i jo§ dodatnih 25%
(50 kilikalorija) tokom procesa oporavka tokom prva 4
sata (Haltom i sar., 1999). Stavise, tokom naredna 72
sata moze se ocekivati dodatni utrosak od 100 kiliklorija
dnevno , §to ¢ini ukupno oko 500 kilokalorija potrosnje
za jedan 20-minutni trening snage, pa je moguce potrosi-
ti 1 do 5000 klokalorija mese¢no samo primenjujuci dva
puta nedeljno ovaj tip treninga.
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one 20-minute training effort, so it is possible to spend up
to 5000 calories per month only by applying this type of
training twice a week.

TYPE 2 DIABETES

With the rise in obesity problems worldwide, there is
a simultaneous increase in type 2 diabetes. It is estimated
that by the middle of the 21st century, one in three people
in the world will suffer from this disease. (Boyle, 2010). In
their review work (Flack et al., 2011), the strength training
can be an effective strategy for people of third age (both
men and women) to counteract the normal decline in the
sensitivity of the organism to insulin as a result of aging.
This attitude was supported by more studies, including
those that showed increased levels of insulin sensitivity
and improved glycemic control. As we have already men-
tioned, strength training leads to a reduction in subcuta-
neous fat tissue, which can be particularly important in the
treatment of diabetes, since it has been shown that insu-
lin sensitivity is associated with the amount of fat in the
abdomen (Coon et al., 1992). Analyzing a large number
of studies, Flek et al. (20011) concluded that greater in-
tensity and volume strength training seems to be a more
effective procedure for increasing insulin sensitivity com-
pared to strength training of intensity and intensity. These
recommendations are in line with the recommendations of
the American Diabetes Association which state that it is
necessary to train all major muscle groups 3 times a week,
with progression to three series with 8-10 high-intensity re-
peats (Sing et al., 2005). Furthermore, Strausser et al. Me-
ta-analysis (Strasser et al., 2010) confirmed that strength
training reduces subcutaneous fat and reduces glycosyla-
ted hemoglobin (HbA 1¢) in people with abnormal glucose
metabolism. The authors concluded that strength training
should be recommended in prevention and management of
type 2 diabetes and other metabolic disorders. According
to Phillips and Winett 2010, strength training is associated
with homeostasis of insulin and glucose primarily through
an increase in the cross section of muscle and low body
mass, as well as through qualitative improvement of the
metabolic functions of the muscles, including increasing
the density of glucose conveyor 4 (GLUT4) and amounts
of glycogen synthase. Finally, there are indications that
strength training is a more desirable training strategy in
order to increase insulin sensitivity compared to the long-
promoted aerobic type of training (Bweir et al., 2009).

CARDIOVASCULAR HEALTH
The review work (Strasser & Schobersberger, 2011)
concluded that “strength training is at least as effective as

DI1JABETES TIPA 2

Sa porastom problema gojaznosti na svetskom ni-
vou dolazi i do istovremenog porasta dijabetesa tipa 2.
Procene su da ¢e do sredine 21 veka jedna od tri osobe na
svetu bolovati od ove bolesti. (Boyle, 2010). U svom pre-
glednom radu (Flack i sar., 2011) zakljucuju kako trening
snage moze predstavljati efikasnu strategiju za osobe tre-
¢e zivotne dobi ( 1 muskarce i zene) da se suprotstave
normalnom opadanju osetljivosti organizma na insulin
kao posledice starenja. Ovaj svoj stav su potkrepili ve¢im
brojem studija ukljucujuéi i one koje su pokazale pove-
¢an nivo osetljivosti na insulin i poboljsanu glikemijsku
kontrolu. Kao §to smo ve¢ napomenuli, trening snage do-
vodi do smanjenja potkoznog masnog tkiva $to moze biti
posebno znacajno i u leCenju dijabetesa jer je pokazano
da je insulinska osetljivost povezana sa koli¢inom ma-
snog tkiva u predelu abdomena (Coon i sar., 1992). Ana-
lizirajuéi veéi broj studija, Flek i sar (Flack i sar., 2011)
su zakljucili da trening snage veceg intenziteta i obima
izgleda predstavlja efikasniju proceduru za povecanje
insulinske osetljivosti u poredenju sa treningom snage
manjeg obima i intenziteta.Ove preporuke su u skladu sa
preporukama Americke Asocijacije za Dijabetes (Ame-
rican Diabetes Association) koja navodi da je potrebno
trenirati sve velike misiéne grupe 3 puta nedeljno , sa
progresijom do tri serije sa 8-10 ponavljanja visokog in-
tenziteta (Sing i sar., 2005). Dalje, meta analiza Straser-a
i saradnika (Strasser i sar., 2010) je potvrdila da trening
snage smanjuje potkozno masno tkivo i smanjuje gliko-
zilovan hemoglobin (HbA1c) kod osoba sa abnormalnim
metabolizmom glukoze. Autori su zakljucili kako trening
snage treba preporuciti u prevenciji i menadzmentu di-
jabetesa tipa 2 i ostalih metabli¢kih poremecaja. Prema
Filipsu i Vinetu (Phillips & Winett, 2010), Trening snage
je povezan sa homeostazom insulina i glukoze pre svega
preko porasta poprec¢nog preseka miSica i nemasne mase
tela, kao i preko kvalitativnog poboljSanja metabolickih
funkcija misi¢a, ukljucuju¢i poveéanje gustine gluko-
znog transportera 4 (GLUT4) i koli¢ine glikogen sintaze.
Konac¢no, postoje i indicije da je trening snage poZeljnija
strategija treninga u cilju povecanja osetljivosti na insu-
lin u odnosu na dugo promovisan aerobni tip treninga
(Bweir i sar., 2009).

KARDIOVASKULARNO ZDRAVLJE

Pregledni rad (Strasser i Schobersberger, 2011) je
zakljucio kako ,,je trening snage najmanje jednako efika-
san kao 1 trening aerobnog tipa u cilju prevencije kardio-
vaskularnih oboljenja“. Dokazani pozitivni efekti aerob-
nog tipa treninga na kardiovaskularno zdravlje ukljucuju

82

www.Siz-au.com



Marko DM. STOJANOVIC, ET AL.:
BENEFITS OF STRENGTH TRAINING FOR ELDERLY WOMEN

SporTS SCIENCE AND HEALTH 7(2):77-86

aerobic-type training to prevent cardiovascular disease.”
The proven positive effects of aerobic training on cardio-
vascular health include improving body composition, mo-
bilizing visceral fat and subcutaneous fatty tissue, blood
pressure reduction, improved cholesterol and triglyceride
ratio in blood, and improved blood glucose control. Howe-
ver, an increasing number of studies indicate the same po-
sitive effects of strength training on cardiovascular health.
(both diastolic and systolic) as a consequence of two or
more months of strength training in a sample of third-per-
son individuals (Hurley et al., 2000; Kelley, 1997). One
study on a sample of over 16,000 third-age people showed
a significant reduction blood pressure as the consequen-
ces of applying a 20-minute training session, 2-3 times a
week for a period of 10 weeks. The subjects involved in
this study were systolic and diastolic blood pressure of
3.2 and 1.4 mm Hg, respectively (Westcott et al, 2009).
Those who trained 3 times a week achieved better impro-
vements of 4.6 and 2.2 mm Hg, respectively. According
to the American College of Sports Medicine (2009), there
is evidence that training in training can increase HDL by
8% to 21%, reduce LDL cholesterol by 13% to 23%, and
reduce triglycerides by 11% to 18%. In studies conducted
with third-age women, strength training significantly im-
proved the triglyceride, LDL and HDL cholesterol para-
meters (Fahlman, 2002). A review work from 2009 (Tam-
balis et al., 2009) found that while strength training itself is
a potent agent for the promotion of cardiovascular health,
additional positive effects are likely to be expected when
this type of training is combined with aerobic training.

OSTEOPOROSIS

Research shows that loss of muscle mass is directly
related to loss of bone mass (osteopenia). Third-age non-
strength training subjects can expect a loss of bone loss
of 1% per year (Kemler, 2005). Logically, training for
improving muscle mass should produce positive effects
on bone density and the vast majority of research con-
firms this hypothesis. Several longitudinal studies have
found an increase in bone density after applying training
strengths of 4-24 months. Thus, the meta analysis of
Wolf and Sar (Wolfe et al., 1999) showed that strength
training could increase the bone density of women of the
third age by about 1% per year of training (femoral bone
and lumbar spleen samples were taken). Also, the re-
cently published review of Going and Ludermilk (2009)
showed that the increase in bone density in women of
the third age was in the range of 1-3%. A two-year stu-
dy (Kerr et al., 2001) showed that programmed strength
training resulted in an increase in bone density by 3.2%

poboljsanje telesne kompozicije, mobilizaciju visceral-
nih masti i potkoznog masnog tkiva, smanjenje krvnog
pritiska , pobolj$an odnos holesterola i triglicerida u krvi
i poboljsanu kontrolu glukoze u krvi. Ipak, narastajuci
broj studija ukazuje na gotove jednake pozitivne efekte
treninga snage na kardiovaskularno zdravlje. Nekoliko
studija je autoritativno demonstrirao pozitivne efekte tre-
ninga snage na smanjenje krvnog pritiska ( kako dijastol-
nog tako i sistolnog) kao posledice dva ili visSe meseci
treninga snage na uzorku osoba tre¢e zivotne dobi (Hur-
ley i sar, 2000; Kelley, 1997). Jedna studija na uzorku
od preko 16000 osoba i tre¢e zivotne dobi je pokazala
znacajno smanjenje krvnog pritiska kao posledice prime-
ne treninga snage u trajanju od 20 min dnevno, 2-3 puta
nedeljno u periodu od 10 nedelja. Osobe koje su angazo-
vane u ovoj studiji spustile su sistolni i dijastolni krvni
pritisak za 3.2 1 1.4 mm Hg, redom (Westcott i sar.,2009).
Oni koji su trenirali 3 puta nedeljno ostvarili su i bolja
poboljsanja od 4,6 1 2.2 mm Hg, redom. Prema Americ-
kom Koledzu za Sportsku Medicinu (2009), postoje do-
kazi koji govore da trening snage moze povecati HDL za
8% do 21%, Smanjiti LDL holesterol za 13% do 23%, i
smanji trigliceride za 11% do 18%. Na stdudiji radenoj
sa zenama trece zivotne dobi, treninga snage je zna¢ajno
poboljsao parametre triglicerida, LDL i HDL holestero-
la (Fahlman, 2002). Pregledni rad iz 2009 (Tambalis i
sar., 2009) utvrdio je da iako trening snage sam po sebi
predstavlja potentno sredstvo za unapredenje kardiova-
skularnog zdravlja, izgleda da se dodatni pozitivni efekti
mogu ocekivati kada se ovaj tip treninga kombinuje sa
aerobnim treningom.

OSTEOPOROZA

Istrazivanja pokazuju da je guubitak miSi¢ne mase
direktno povezan i sa gubljenjem koStane mase (osteo-
penija). Osobe trece zivotne dobi koje ne sprovode tre-
ning snage mogu ocekivati gubitak koStane mase od 1%
godisnje (Kemler, 2005). Logicno, trening za pobolj$nje
misi¢ne mase trebalo bi da ostvari pozitivne efekte i na
kostanu gustinu i velika vecina istrazivanja potvrduje
ovu hipotezu. Nekoliko longitudinalnih studija utvrdilo
je porast kostane gustine nakon primene treninga snage u
trajanju od 4-24 meseca. Tako, meta analiza Wolfa i sar
(Wolfe 1 sar., 1999) pokazala je da trening snage moze
povecati koStanu gustinu Zena trec¢e zivotne dobi za oko
1% po godini treninga ( uzimani su uzorci femoralne ko-
sti 1 lumbalnog dela ki¢me). Takode, nedavno objavljen
pregledni rad Going i Ludermilka (Going i Laudermilk,
2009) pokazao je da je porast koStane gustine kod zena
tre¢e zivotne dobi u rasponu od 1-3%. Studija koja je tra-
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on a sample of third-age women. It seems that strength
training is a potent tool for causing a rise in bone density
in third-generation women and therefore it is desirable to
recommend and implement it. The training effects will
be higher if it is done with a higher mechanical load and
for a longer duration. However, it should be noted that
there seems to be a tendency to lose the effects of bone
density on the termination of strength training (Vouri et
al., 1994).

MENTAL HEALTH

As far as cognitive abilities are concerned, a large
number of irradiation has been conducted on people of
the third age (both men and women). A large number of
studies were concerned with the impact of strength tra-
ining (independently or combined with training for the
development of aerobic abilities) on cognitive abilities
and generally determined very positive effects. In meta
analysis (Colcombe and Kramer, 2003), aerobic trai-
ning supplemented by strength training leads to signifi-
cantly greater positive effects on the cognitive ability of
applying aerobic training independently. Guided by the
results of Okonor et al. (O’Connor et al., 2010), compla-
cency, as a global concept of an individual’s perception of
self, shows relative stability in relation to other parame-
ters of mental health. However, the very positive effects
of strength training precisely on this ability have been
established in several studies conducted on a sample of
third-age individuals (both men and women) (Brown et
al., 1986). Furthermore, ten weeks of combined aerobic-
type training and strength training lead to a statistically
significant improvement in self-esteem, total mood, re-
ducing fatigue and depression in a third-age person gro-
up (Anessi and Westcoot, 2004). Singh et al. (Singh et
al., 2005) determined the impact of strength training on
depression. In this basic study, the researchers found that
even after 10 weeks of strength training (three workou-
ts per week), as many as 80% of respondents were no
longer in clinical depression. Based on these studies, it
seems possible to recommend the use of strength training
to improve the mental health of third-age women, with
very high prospects for positive effects, but in short-to-
moderate studies (6-10 weeks).

CoNcCLUSION

Beginning with a progressive loss of muscle mass
during the aging process, studies performed using force
training consistently show improvements in muscle mass
and basal metabolism as a result of strength training, with
an additional effect on the loss of subcutaneous fat tissue.

jala 2 godine (Kerr i sar., 2001) pokazala je da progra-
mirani trening snage dovodi do porasta kostane gustine
za 3,2% na uzorku Zena treCe Zivotne dobi. Izgleda da
je trening snage potentno sredstvo za izazivanje porasta
kostane gustine kod Zena treée zivotne dobi i stoga ga je
pozeljno preporuciti i sprovoditit. Trenazni efekti ¢e biti
veci ukoliko se radi sa ve¢im mehanickim optere¢enjem i
u duzem vremenskom trajanju. Ipak, treba znati da izgle-
da postoji tendencija da se sa prekidom treninga snage
efekti na koStanu gustinu gube (Vouri i sar., 1994).

MENTALNO ZDRAVLJE

Sto se ti¢e kognitivnih sposobnosti, veliki broj itra-
zivanja je sproveden na osobama trec¢e zivotne dobi (i
muskarcima i zenama). Veliki broj istrazivanja se bavio i
uticajem treninga snage (samostalno ili kombinovano sa
treningom za razvoj aerobnih sposobnosti) na kognitivne
sposobnosti 1 uglavnom utvrdilo veoma pozitivne efekte.
U meta analizi (Colcombe i Kramer, 2003), acrobni tre-
ning suplementiran treningom snage dovodi do znacajno
veéih pozitivnih efekata po kognitivne sposobnosti od
primene aerobnog treninga samostalno. Vodec¢i se rezul-
tatima Okonora i sar. (O’Connor i sar., 2010), samoza-
dovoljstvo, kao globalni koncept percepcije pojedinca o
sebi, pokazuje relativnu stabilnost u odnosu na ostale pa-
rametre mentalnog zdravlja. Ipak, veoma pozitivni efekti
treninga snage upravo na ovu sposobnost su utvrdeni u
nekoliko istrazivanja radenih na uzorku osoba trece Zi-
votne dobi (i muskarci i zene) (Brown i sar., 1986). Da-
lje, deset nedelja kombinovanog treninga aerobnog tipa
i treninga snage dovodi do statisticki znacajnog pobolj-
Sanja u samozadovoljstvu (self-esteem), totalnom ras-
polozenju, smanjuje zamor i ose¢aj depresije na uzorku
osoba tre¢e zivotne dobi (Anessi and Westcoot, 2004).
Sing i sar (Singh i sar., 2005) su utvrdivali uticaj treninga
snage na depresiju. U ovoj temeljnoj studiji, istrazivaci
su utvrdili da ve¢ nakon 10 nedelja treninga snage (tri
treninga nedeljno) ¢ak 80% ispitanika vise nije bilo u sta-
nju klinicke depresije. Na osnovu ovih studija, izgleda
da je moguce preporuciti primenu treninga snage u cilju
poboljsanja mentalnog zdravlja zena tre¢e zivotne dobi,
sa veoma velikim izgledima za pozitivnim efektima veé¢
u studijama kratkog do umerenog trajanja (6-10 nedelja).

ZAKLIUCAK

Pocevsi od progresivnog gubljenja miSi¢ne mase to-
kom procesa starenja, studije radene primenom treninga
snage konzistentno pokazuju poboljSanja u misi¢noj masi
i bazalnom metabolizmu kao posledice treninga snage ,
sa dodatnim efektom na gubitak potkoznog masnog tki-
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The strength training has proven effective in treating a
whole set of functional parameters of third-age people
(walking speed, degree of independence, reduced number
of falls ...) but also of health status, from improving insulin
sensitivity and consequently to treatment of type 2 diabe-
tes, by improving cardiovascular status, bone density and
mental health. Finally, although muscle strength has been
recognized as an important predictor of reduced functio-
nality, an increasing number of evidence indicates that an
explosive force (product of force and velocity, or rate of
operation) is a parameter that directly affects the mechani-
cal properties of the muscle (rapid power increment) and a
large number of parameters of functional performance on
the sample of women of the third age.

va. Trening snage je dokazano efikasan u tretiranju Cita-
vog niza funkcionalnih parametara osoba trece Zivotne
dobi (brzine hoda, stepena nezavisnosti, smanjenom bro-
ju padova...), ali i zdravstvenog stanja, od poboljSanja
osetljivosti na insulin i posledi¢no tretiranju dijabete-
sa tipa 2, preko poboljSanja kardiovaskularnog statusa,
kostane gustine i mentalnog zdravlja. Konacno, iako je
misi¢na snaga prepoznata kao vazan prediktor smanjene
funkcionalnosti, narastaju¢i broj dokaza ukazuje da ek-
splozivna snaga (proizvod sile i brzine, ili stopa vrSenja
rada) predstavlja parameter koji direktno utice na meha-
nicke osobine misica (brz prirast sile ) i veliki broj para-
metara funkcionalnih performansi na uzorku zena trece
zivotne dobi.
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