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Abstract

This study analyses the effects of strength training on the
lower limbs in a group of elderly persons and its repercus-
sions on quality of life in relation to strength, flexibility,
depressive symptoms and perception of health. The sam-
ple, which was made up of 35 people, was divided into two
groups: exercice and control. After 24 weeks of training,
the participants were once again evaluated with two vertical
jumps, the chair stand test, the 2-minute step test, the chair
sit and reach, the back scratch, the Geriatric Depression
Scale and the SF-12 test. The results in the exercice group
showed that the strength training had a positive influence
on the levels of perception of health, depressive symptoms
and flexibility, while in the control group they decreased or
remained steady. This suggests a direct relationship between
increased strength and improvement of health-related quali-
ty of life in the elderly.

Keywords: strength training, depression, the elderly,
health-related quality of life, flexibility

Introduction

Currently, the number of elderly people in Spain
has increased considerably, essentially because of
longer life expectancy. Specifically, in 1900 the
population over the age of 65 was 5.2% of the to-
tal; this figure reached 18.2% in 2013 and is pre-
dicted to be 37.6% by 2050 (IMSERSO, 2014).
The ageing of the population has implications
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Resum

Aquest estudi analitza els efectes de I’entrenament de forca
en les extremitats inferiors en un grup de persones grans i les
seves repercussions en la qualitat de vida en relaci6 amb la
forca, flexibilitat, simptomes depressius i percepcié de la sa-
lut. La mostra, composta per 35 persones, es va dividir en dos
grups: I’exercici i el de control. Després de 24 setmanes d’en-
trenament les participants van ser novament avaluades amb
dos salts verticals, el test chair estand, step 2 minuts, chair
sit and reach, back scratch, el test Geriatric Depression Scale
i el test SF-12. Els resultats en el grup exercici van mostrar
una influéncia positiva del programa de forca en els nivells de
percepcid de salut, simptomes depressius i flexibilitat, mentre
que en el grup control van disminuir o es van mantenir, la qual
cosa suggereix una relaci6 directa entre 1’augment de forca i
la millora de la qualitat de vida relacionada amb la salut de les
persones grans.

Paraules clau: entrenament de forca, depressid, perso-
nes grans, qualitat de vida relacionada amb la salut, flexi-
bilitat

Introduccio

En Dactualitat el nombre de persones grans a Espa-
nya s’ha incrementat de forma notable, basicament per
I’augment de ’esperanga de vida. En concret, 1’any
1900 la poblacié de més de 65 anys era del 5.2%, pas-
sant al 18.2% al 2013, i es preveu que I’any 2050 sera
del 37.6% (IMSERSO, 2014). L’envelliment de la po-
blacié té implicacions que transcendeixen de 1’ambit
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beyond the strictly demographic dimension, such
as the appearance of chronic health problems, and
ultimately it fosters an increase in dependent el-
derly persons, thus increasing social and health-
care spending.

Quality of life has become a common concept
whose goal is to determine state of wellbeing. It is a
complex concept with three dimensions: the individ-
ual’s external conditions, their subjective perception
and their personal circumstances (Fernandez-Balles-
teros, 2004).

The dimension related to the subjective perception
of health is important because of its close association
with the likelihood of suffering from chronic illnesses
and the use of healthcare services (Saez, 2003) and as
a predictor of mortality (Jylhd, 2009).

Within the personal circumstances dimension,
health conditions in relation to physical condition
stand out. Geriatric syndromes of muscle atrophy,
falls and a decrease in balance are the most import-
ant ones to preserve functionality (Narici & Mafful-
li, 2010; Pijnappels, Van der Burg, Reeves, & Van
Dieén, 2008). Muscle atrophy due to ageing is more
important in the lower than the upper limbs (Jans-
sen, Heymsfield, Wang, & Ross, 2000), affecting
the physical function in acts like getting up from a
chair, walking or crossing a street within a given pe-
riod of time (Foldvari et al., 2000). Strength training
in the elderly is a valid, reliable strategy which has
shown significant neuromuscular effects, although
there is a wide variety of training protocols (Case-
rotti, Aagaard, Larsen, & Puggaard, 2008; Rice &
Keogh, 2009). One physical variable also worth bear-
ing in mind is flexibility, which experiences a grad-
ual, non-linear reduction with ageing, specific for
each joint, which can advance different degrees of
disability (Aradjo, 2008). A positive association has
been found between increased flexibility and an im-
provement in quality of life (Garber et al., 2011). In
this sense, some studies suggest that the hamstring
muscles are the main cause of pathologies like lum-
bar pain, herniated discs and difficulty extending the
knee, which can influence walking, reduce balance
and increase the risk of falls (Alonso, Del Valle,
Cecchini, & Izquierdo, 2003; McGill, 2007). Other
studies have shown that a lower arc of movement in
the shoulders can lead to postural instability and be-
come the cause of disability in 30% of the population
over the age of 65 (Chakravarty & Webley, 1993).

estrictament demografic, com I’aparicié de problemes
cronics de salut, i en darrer terme, afavoreix 1’augment
de persones grans dependents, incrementant la despesa
social i assistencial.

La qualitat de vida s’ha convertit en un concepte
d’is comi I’objectiu del qual és determinar I’estat del
benestar. Es un concepte complex amb tres dimensions:
les condicions externes de 1’individu, la seva percepci6
subjectiva i les circumstancies personals (Fernindez-Ba-
llesteros, 2004).

La dimensio relacionada amb la percepcié subjectiva
de la salut és important per la seva forta associacié amb
la probabilitat de patir malalties croniques, la utilitzacié
dels serveis sanitaris (Sdez, 2003) i com a predictor de
mortalitat (Jylha, 2009).

Dins de la dimensi6 de les circumstancies personals,
es destaquen les condicions de salut en relacié amb la
condici6 fisica. Les sindromes geriatriques d’atrofia
muscular, caigudes, i disminucié de 1’equilibri sén les
més significatives per a conservar la funcionalitat (Na-
rici 1 Maffulli, 2010; Pijnappels, Van der Burg, Ree-
ves 1 Van Dieén, 2008). L’atrofia muscular deguda a
I’envelliment és més important en les extremitats infe-
riors que en les superiors (Janssen, Heymsfield, Wang
i Ross, 2000), afectant la funcid fisica en gestos com
aixecar-se d’una cadira, caminar o creuar un carrer en
un temps determinat (Foldvari et al., 2000). L’entrena-
ment de forca en persones grans és una estrategia vali-
da i fiable que ha mostrat efectes significatius a nivell
neuromuscular, encara que els protocols d’entrenament
s6n molt diversos (Caserotti, Aagaard, Larsen i Pug-
gaard, 2008; Rice i Keogh, 2009). Una variable fisica
a tenir també en compte en la funcionalitat és la flexi-
bilitat, que experimenta amb 1’envelliment una reduccid
progressiva no lineal i especifica per articulaci6, que pot
afavorir diferents graus de discapacitat (Araidjo, 2008).
S’ha demostrat una associaci6 positiva entre 1’increment
de la flexibilitat i la millora de la qualitat de vida (Gar-
ber et al., 2011). En aquest sentit, alguns estudis sug-
gereixen que els musculs isquiotibials son els principals
causants de patologies com el dolor lumbar, hernies dis-
cals o la dificultat d’estendre el genoll, que poden influir
en la marxa, disminuci6 de I’equilibri i augment del risc
de caigudes (Alonso, Del Valle, Cecchini i Izquierdo,
2003; McGill, 2007). Altres recerques han demostrat
que un arc de moviment reduit en les espatlles pot pro-
vocar inestabilitat postural i ser la causa de discapacitat
en un 30% de la poblaci6 de més de 65 anys (Chakra-
varty i Webley, 1993).
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Another important factor in relation to the per-
sonal circumstance of quality of life is depression.
According to the European health survey (INE,
2014), depression affects 15% of the Spanish pop-
ulation over the age of 75, although the prevalence
of depressive symptoms is higher. Depression has a
negative impact, contributing to lower functionality
in everyday activities (Menezes, Dos-Santos-Silva,
Tribess, Romo-Perez, & Virtuoso-Jinior, 2015),
worse perceived physical health, aggravated chronic
symptoms, morbidity and mortality (Blazer, 2003).
This reinforces the theory that one of the main fac-
tors that can precipitate the appearance of a depres-
sive syndrome in this population is a low function-
al state (Millan-Calenti et al., 2010), fostered by
the reduction in physical activity which tends to
come with ageing (Fukukawa et al., 2004). In re-
cent years, several studies have shown that physical
activity can lower depressive symptoms in healthy
populations and in patients diagnosed with depres-
sion (Mura, Moro, Patten, & Carta, 2014; Singh,
Clements, & Singh, 2001) while increasing mental
health, subjective wellbeing and self-esteem (Bar-
riopedro, Erafia, & Malloll, 2001; McAuley et al.,
2006).

Bearing in mind the negative impact of functional
deterioration among the elderly, this study is justified
by the need for more research that analyses the com-
plex relationships between physical and psychological
condition. Within this context, the objective of this
study is to check the efficacy of strength and flexibil-
ity training and its possible influence on depressive
symptoms and health-related quality of life (HRQL)
in the elderly.

Methodology
Participants

A total of 35 subjects belonging to a day care cen-
tre for the elderly in Vic participated voluntarily and
were divided randomly into two study groups: 18 in
the exercise group, EG (4 men and 14 women) and 17
in the control group, CG (4 men and 13 women), with
a mean age of 71.9 and 74.8, respectively (SD=5.0
and 6.1). The inclusion criteria were: (a) passing the
test on aptitude for physical activity (American Col-
lege of Sports Medicine [ACSM], 1995); (b) being
older than 64; (c) earning the highest score on the

Un altre element important en relacié amb les
circumstancies personals de la qualitat de vida és la
depressi6. Segons 1’enquesta europea de salut (INE,
2014) la depressi6 afecta el 15% de la poblacid es-
panyola major de 75 anys, encara que la prevalenga
de simptomes depressius és major. La depressi6 té
un impacte negatiu contribuint a una menor funcio-
nalitat en les activitats de la vida diaria (Menezes,
Dos-Santos-Silva, Tribess, Romo-Perez i Virtuoso-
Junior, 2015), pitjor salut fisica percebuda, agreu-
jament dels quadres cronics, morbiditat i mortalitat
(Blazer, 2003), la qual cosa reforca la teoria que un
dels principals factors que poden precipitar 1’apari-
cié d’una sindrome depressiva en aquesta poblacid és
el baix estat funcional (Millan-Calenti et al., 2010),
afavorit per la reducci6é de ’activitat fisica que sol
acompanyar ’envelliment (Fukukawa et al., 2004).
En els ultims anys, diversos treballs han demostrat
que D’activitat fisica pot reduir els simptomes depres-
sius en poblacions sanes i en pacients diagnosticats de
depressié (Mura, Moro, Patteni Carta, 2014; Singh,
Clements i Singh, 2001), incrementant la salut men-
tal, el benestar subjectiu i 1’autoestima (Barriopedro,
Erana i Malloll, 2001; McAuley et al., 2006).

Tenint en compte I’impacte negatiu de la deterio-
raci6 funcional de les persones grans, aquest estudi es
justifica per la necessitat d’un major nombre de re-
cerques que analitzin les complexes relacions entre
I’estat fisic i el psicologic. En aquest context, 1’ob-
jectiu d’aquesta recerca és comprovar l’eficacia de
I’entrenament de forca i flexibilitat, i la seva possi-
ble influéncia en els simptomes depressius i la quali-
tat de vida relacionada amb la salut (CVRS) d’aquest
col-lectiu de persones.

Metodologia
Participants

Un total de 35 subjectes pertanyents a un Casal de per-
sones grans de Vic van participar voluntariament i van
ser repartits aleatoriament en dos grups d’estudi: 18 en
el grup exercici, GE (4 homes i 14 dones) i 17 en el
grup control, GC (4 homes i 13 dones), amb una mitjana
d’edat de 71.9 i 74.8 anys respectivament (DE =5.0 i
6.1). Com a criteris d’inclusi6 es van establir: (a) passar
el qliestionari d’aptitud per a D’activitat fisica (American
College of Sports Medicine, ACSM, 1995); (b) tenir
més de 64 anys; (c) obtenir la maxima puntuacié en el
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functional independence test (Pincus, Summey, Sora-
ci, Wallston, & Hummon, 1983); (d) being sedentary
(earning a low score on the IPAQ test (Craig et al.,
2003); and e) earning the highest score of 9 points
on the Yesavage depression scale, considered without
depression or with slight depression.

Measures

The dimensions evaluated in this study were strength,
flexibility, depressive symptoms and the perception
of health-related quality of life.

To evaluate the strength of the lower limbs, two
tests from the battery by Rikli and Jones (2001) were
used, the chair stand test, which measures functional
strength, and the 2-minute step test, which evaluates
aerobic endurance, along with two tests from the bat-
tery by Bosco (1994), the squat jump (SJ) to evalu-
ate explosive strength, and the countermovement
jump (CMJ) to evaluate flexible-explosive strength.

To evaluate flexibility, two tests from the battery
by Rikli and Jones (2001) were used, the chair sit and
reach test, which measures hamstring flexibility, and
the back scratch test to evaluate shoulder flexibility.

To measure depressive symptoms, the Yesavage
depression scale was used (GDS). This scale was the
first instrument designed specifically for people over
the age of 65 in both the community and clinical set-
tings. The original scale consists of 30 items, but here
the reduced version of 15 items with dichotomous
responses (yes/no) was used. Possible scores range
from O to 12 points: O to 5 is considered normal, 6 to
9 is considered mild depression, and over 10 is con-
sidered severe depression (Yesavage, Brink, & Rose,
1983).

The perception of HRQL was measured with the
SF-12 questionnaire, which is the reduced version of
the SF-36 developed in the United States by the Medi-
cal Outcomes Study (MOS) to evaluate state of health.
The Spanish version, adapted by Alonso, Prieto, and
Ant6 (1995), consists of 12 items from the 8 dimen-
sions of the SF-36. The response choices are on Likert
scales which evaluate intensity or frequency.

Procedure

First, contact was made with the heads of the day care
centre for the elderly to inform them about the study
and enlist their cooperation. The participants were

test d’independéncia funcional (Pincus, Summey, Sora-
ci, Wallston i Hummon, 1983); (d) ser sedentaris (obte-
nint una puntuacié de nivell baix en el test IPAQ (Craig
et al., 2003), i (e) obtenir una puntuacié maxima de
9 punts en ’escala de depressié Yesavage, considerada
sense depressio o amb depressio lleu.

Mesures

Les dimensions avaluades en aquest treball van ser la
forca, la flexibilitat, els simptomes depressius i la per-
cepcid de la qualitat de vida relacionada amb la salut.

Per a avaluar la forca de les extremitats inferiors es
van utilitzar dues proves de la bateria de Rikli i Jones
(2001), el chair estand test, que mesura la forca funcio-
nal i el 2-minute step test, per a valorar la resisteéncia per
forca, i dos tests de la bateria de Bosco (1994) el Squat
Jump (SJ) per a valorar la for¢a explosiva i el Coun-
termovement Jump (CMJ) per a valorar la forca elastic-
explosiva.

Per a l’avaluaci6 de la flexibilitat es van utilitzar
dues proves de la bateria de Rikli i Jones (2001), el
chair sit and reach test que mesura la flexibilitat dels is-
quiotibials, i el back scratch test per a valorar la flexibi-
litat de les espatlles.

Per a mesurar els simptomes depressius es va uti-
litzar I’Escala de depressid Yesavage (GDS). Aquesta
escala va ser el primer instrument dissenyat especifica-
ment per a poblacié de més de 65 anys, tant en 1’am-
bit comunitari com en el clinic. L’escala original cons-
ta de 30 items, perd aqui s’utilitza la versié reduida de
15 items de resposta dicotomica (si/no). Es pot obtenir
una puntuacié de 0 a 12 punts: de 0 a 5 es considera
normal; de 6 a 9 depressio lleu, i més de 10 depressid
establerta (Yesavage, Brink i Rose, 1983).

La percepci6 de la CVRS va ser mesurada amb el
qiiestionari SF-12, que és la versi6 reduida del SF-36
desenvolupat als Estats Units pel Medical Outcomes
Study (MOS) per a valorar ’estat de salut. La versid
espanyola, adaptada per Alonso, Prieto i Ant6 (1995),
consta de 12 items provinents de les 8 dimensions del
SF-36. Les opcions de resposta formen escales de tipus
Likert que avaluen intensitat o freqiiéncia.

Procediment

En primer lloc, es va establir contacte amb els res-
ponsables del Casal de persones grans per a infor-
mar-los de I’estudi i demanar-los la seva col-laboracio.
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volunteers recruited by displaying posters explaining
the study inside the centre. The people who were in-
terested attended a meeting where they were given an
information sheet and provided with a detailed expla-
nation of the reason for the study. When they agreed
to participate, they were given the informed consent
form to sign and were randomly divided into two
study groups. Of the 49 people interested, 35 agreed
to participate.

The physical exercise programme was designed
and conducted by a university graduate in Physical
Activity and Sport Sciences with a diploma in physio-
therapy. It lasted 24 weeks, with two 60-minute ses-
sions per week. The intensity of the strength exercises
was based on being able to execute the movements at
high speed, which different authors have suggested as
the most effective way to gain functionality (Bottaro,
Machado, Nogueira, Scales, & Veloso, 2007; Hen-
wood & Taaffe, 2005; Kalapotharakos, Michalopou-
los, Tokmakidis, Godolias, & Gourgoulis, 2005;
Miszko et al., 2003; Sayers, 2007), monitored with
a metronome and prioritising dynamic concentric ac-
tions at a higher speed than eccentric actions (1/2).
To monitor the intensity, the Borg 0-10 scale was
used (Borg, Hassmén, & Langerstrém, 1987), after
first familiarising the participants with it to check the
stability of the response and recommending that they
work at between 5-6. With regard to the total volume
throughout the entire training process, the same 5 ex-
ercises were used: 120-140° squats, knee flexion-ex-
tension with an elastic band while seated, sitting and
standing from a chair, squats at the wall and one-foot-
ed balance with flexions-extensions. The number of
repetitions progressed from 8 to 15 and the number
of sets from 1 to 3. To counter the strength work and
avoid shortened muscles, passive stretching exercis-
es with the upper and lower limbs were performed
for 30 s. The basic characteristics of the training are
presented in another study (Sola-Serrabou, Lopez del
Amo, & Valero, 2014).

Statistical Analysis

To evaluate the effect of the treatment on the dif-
ferent variables (muscle strength, flexibility, depres-
sive symptoms and perception of quality of life), a
linear regression model was adjusted with repeated
measures for each variable, considering the group,
the time and the interaction between the two as the

Els participants van ser voluntaris reclutats mitjangcant
I’exposicié de cartells explicatius dins del centre. Les
persones interessades van assistir a una reunié on se’ls
va facilitar un full informatiu i se’ls va explicar de-
talladament el motiu de I’estudi. Quan acceptaven
participar-hi, se’ls donava I’impreés de consentiment
informat per a la seva signatura, i es van repartir alea-
toriament entre els dos grups d’estudi. De les 49 per-
sones interessades, 35 van acceptar prendre-hi part.

El programa d’exercici fisic va ser dissenyat i
conduit per una llicenciada en Ciencies de 1’Activi-
tat Fisica i de ’Esport i diplomada en Fisioterapia.
Va tenir una durada de 24 setmanes, en les quals es
van impartir dues sessions setmanals de 60 minuts. La
intensitat dels exercicis de for¢a es basava en desen-
volupar una alta velocitat d’execucié dels moviments,
la qual cosa diferents autories suggereixen com més
eficac per a guanyar funcionalitat (Bottaro, Machado,
Nogueira, Scales i Veloso, 2007; Henwood i Taaffe,
2005; Kalapotharakos, Michalopoulos, Tokmakidis,
Godolias i Gourgoulis, 2005; Miszko et al., 2003;
Sayers, 2007), controlada per un metronom, i prio-
ritzant les accions dinamiques concentriques a una ve-
locitat més elevada que les excentriques (1/2). Per a
controlar la intensitat es va utilitzar 1’escala de Borg
0-10 (Borg, Hassmén i Langerstrom, 1987), familia-
ritzant-se préviament per a comprovar 1’estabilitat de
la resposta, i es va recomanar als participants que tre-
ballessin entre 5-6. En relaci6 amb el volum durant
tot el procés d’entrenament es van utilitzar els matei-
xos 5 exercicis: esquat de 120-140¢; flexo-extensions
de genoll amb banda elastica en sedestaci6; seure i
aixecar-se d’una cadira; esquat a la paret; i equilibri
monopodal amb flexo-extensions. Les repeticions van
progressar de 8 a 15 i les series d’1 a 3. Per a contra-
restar el treball de for¢a i evitar escurcaments es van
realitzar exercicis d’estiraments passius de les extre-
mitats inferiors i superiors mantinguts 30 s. Les ca-
racteristiques basiques de 1’entrenament es presenten
en un altre estudi (Sola-Serrabou, Loépez del Amo i
Valero, 2014).

Analisi estadistica

Per a avaluar 1’efecte del tractament en les diferents
variables (for¢a muscular, flexibilitat, simptomes de-
pressius i percepcié de qualitat de vida) s’ha ajustat
un model de regressid lineal amb mesures repeti-
des per a cada variable, considerant com a variables
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explanatory variables. The means between groups
were compared at the beginning and end of the
study, as were the intragroup differences.

To check the degree of transferability of the
strength training to other quality of life variables,
Spearman’s rank correlation coefficient was calculat-
ed between the four kinds of strength analysed and
the depressive symptoms and perception of health
variables. Pearson’s correlation coefficient was used
to evaluate the degree of linear relation between
strength training and hamstring and shoulder flexibil-
ity. The results are graphically illustrated using scat-
ter plots.

The analyses were conducted using SAS v. 9.3
software (SAS Institute Inc., Cary, NC, USA). The
level of significance was set at .05.

Results

After 24 weeks of training of the 35 participants in
the initial sample, 5 in the CG did not finish the pro-
gramme, two of them because of health problems un-
related to the study, 1 because of surgery and 2 be-
cause of a lack of interest (70.6% follow-up rate). No
participants from the exercise group dropped out of
the study (100% follow-up). In the end, 30 partici-
pants were analysed. The therapeutic compliance of
the training group was 90%. The results in the ma-
nifestations of strength were described in a previous
study (Sola et al., 2014).

Table 1 shows the differences between flexibil-
ity and depressive symptoms in the initial and final
phases. It is worth highlighting the 3.1 cm improve-
ment (p = .004) in hamstring flexibility in the exer-
cise group and an increase in the intergroup distance
(p =.016) by the end of the intervention. An im-
provement in the depressive symptoms of the exercise
group (p=.004) was also found, along with an in-
crease in the intergroup distance (p = .010).

Table 1
Differences between pre-post flexibility and depressive
symptoms of the control group and exercise group

explicatives el grup, el temps i la interaccidé entre
ambdues. S’han comparat les mitjanes intragrups a
I’inici i al final de 1’estudi, aixi com les diferéncies
intragrups.

Per a comprovar el grau de transferibilitat de 1’en-
trenament de forca cap a altres variables de qualitat
de vida, s’ha calculat el coeficient de correlacié de
Spearman entre les quatre forces analitzades i les va-
riables simptomes depressius i percepcié de salut. Per
a avaluar el grau de relacid lineal entre 1’entrenament
de forca i la flexibilitat isquiotibial i de ’espatlla, s’ha
utilitzat el coeficient de correlacié de Pearson. Els re-
sultats s’han representat graficament mitjancant grafics
de dispersio.

L’analisi s’ha realitzat amb el programari SAS v. 9.3
(SAS Institute Inc., Cary, NC, USA). El nivell de signi-
ficaci6 s’ha fixat en .05.

Resultats

Després de 24 setmanes d’entrenament de les 35 perso-
nes participants de la mostra inicial, 5 del GC no van
finalitzar el programa, 2 d’elles per problemes de sa-
lut aliens a I’estudi, 1 per intervencié quirdrgica i 2 per
desinteres (70.6% de seguiment). Del GE no va abando-
nar ningd (100% de seguiment). Finalment, el nombre
de participants analitzats va ser de 30. El compliment
terapeutic del GE va ser del 90%. Els resultats en les
manifestacions de la forca es descriuen en un estudi pre-
vi (Sola et al., 2014).

La taula 1 mostra les diferéncies entre la fle-
xibilitat i els simptomes depressius en la fase ini-
cial i final. Cal destacar la millora al final de la
intervencié de 3.1 cm (p = .004) en la flexibilitat
dels isquiotibials del GE i un augment de la distan-
cia intragrups (p = .016). També s’observa una mi-
llora dels simptomes depressius del GE (p = .004)
aixi com un increment de la diferéncia intragrups

(p = .010).

Taula 1
Diferéncies entre la flexibilitat i els simptomes depressius
prepost dels grups control i exercici

Variable Group Initial  Final p-value Variable Grup Inicial ~ Final  p-valor

Hamestring flexibility Control 125 14.0 .071 Grup Control 12,5 14.0 .071
Exercise 8.9 12.0 .004 Exercici 8.9 12.0 .004

Depressive symptoms  Control 3.1 3.3 .662 Simptomes depressius  Control 3.1 3.3 .662
Exercise 2.8 1.7 .004 Exercici 2.8 1.7 .004
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Table 2

Effect of treatment on health-related quality of life. Adjusted
means for the control group and exercise group. The p-value
corresponds to the intragroup comparison

Taula 2

Efecte del tractament en la qualitat de vida relacionada amb la
salut. Mitjianes ajustades als grups control i exercici. El p-valor
correspon a la comparacio intragrups

Group Initial Final Grup Inicial Final
Physical function Control 471 56.2 Funcid fisica Control 471 56.2
Exercise 61.1 38.9* Exercici 61.1 38.9%
Emotional role Control 29.4 271 Rol emocional Control 29.4 271
Exercise 33.3 5.6 Exercici 33.3 5.6*
Mental health Control 2.3 2.6 Salut mental Control 2.3 2.6
Exercise 2.9 2.4 Exercici 2.9 2.4
Social function Control 4.8 4.6 Funcié social Control 4.8 4.6
Exercise 4.6 4.9 Exercici 4.6 4.9
Vitality Control 2.7 3.2* Vitalitat Control 2.7 3.2*
Exercise 3.1 2.3** Exercici 3.1 2.3
Pain Control 1.6 1.7 Dolor Control 1.6 1.7
Exercise 2.3 1.7** Exercici 2.3 1.7
General health Control 3.1 3.0 Salut general Control 3.1 3.0
Exercise 3.1 3.3 Exercici 3.1 3.3

*p<.05; **p<.01.

Table 2 shows the effects on health-related quality
of life. In the intergroup analysis, statistically signif-
icant differences were only found at the start of the
treatment in the pain variable, which was higher in
the exercise group (p =.006). In terms of the intra-
group analysis, a significant improvement was found
in the exercise group in the majority of variables an-
alysed.

Table 3 shows the correlations between strength
training and depressive symptoms and the perception
of general health at the start and end of the training.

Table 3
Correlations between strength training and depressive symptoms
and the perception of health of the exercise group

*p<.05; **p<.01.

A la taula 2 es mostren els efectes en la quali-
tat de vida relacionada amb la salut. En 1’analisi
intragrups solament s’observen diferéncies estadis-
ticament significatives a I’inici del tractament en la
variable dolor, sent aquesta més elevada en el GE
(p = .006). Quant a 1’analisi intragrups s’observa una
millora significativa en el GE en la majoria de varia-
bles analitzades.

La taula 3 mostra les correlacions entre 1’entrena-
ment de forca i els simptomes depressius i la percepcid
de salut general a I’inici i al final de I’entrenament. Els

Taula 3
Correlacions entre I'entrenament de forga i els simptomes
depressius i la percepcio de la salut del GE

Depressive General state Simptomes Estat de salut
symptoms of health depressius general
Initial Final Initial Final Inici Final Inici Final
Sed -0.32 -0.67* 0.38* 0.32 Sed -0.32 -0.67** 0.38* 0.32
Cam -0.29 -0.59* 0.37* 0.28 Cam -0.29 -0.59** 0.37* 0.28
SJ -0.35* —-0.48** 0.30 0.46* SJ -0.35* -0.48** 0.30 0.46*
cMJ -0.38* -0.46* 0.28 0.47** CcMJ -0.38* -0.46* 0.28 0.47*
Hamstring flexibility 0.19 0.58* —-0.09 0.16 Flexibilitat isquiotibial 0.19 0.58* -0.09 0.16
Shoulder flexibility 0.13 0.29 0.47** 0.42* Flexibilitat espatlla 0.13 0.29 0.47* 0.42¢

Sed=chair stand; Cam=step test 2 minutes; SJ=Squat jump; CMJ=Counter-
movement jump.
*p<.05; **p<.01.

Sed=chair stand; Cam= test step 2 minuts; SJ=Squat Jump; CMJ=Countermo-
vement Jump.
*p<.05; “*p<.01.
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Figure 1. Scatter plot between strength training and depressive
symptoms and perception of health of the exercise group at the
end of the training.

Sed=chair stand; Cam=step test 2 minutes; SJ=Squat jump; CMJ=Counter-
movement jump.
*p<.05; **p<.01.

The depressive symptoms correlated negatively with
the strength variables and positively with hamstring
flexibility at the end of the training. The general state
of health correlated positively with the squat jump
and countermovement jump at the end of the training,
and with shoulder flexibility at both the beginning and
end of the training. Figure 1 shows the results ob-
tained at the end of the training.

The correlation analysis between the different
strength and flexibility variables is shown in Table 4,
where positive correlations were found at the end of
the training which indicates that the participants who
got better results on the strength tests also performed
better on the flexibility tests.

Table 4
Correlations between the strength training and hamstring and
shoulder flexibility of the exercise group

Figura 1. Grafic de dispersié entre I'entrenament de forga i els
simptomes depressius i la percepcid de la salut del GE al final de
I'entrenament.

Sed=chair stand; Cam=test step 2 minutos; SJ=Squat Jump; CMJ=Counter-
movement Jump.
*p<.05; **p<.01.

simptomes depressius correlacionen negativament amb
les variables de for¢a i positivament amb la flexibili-
tat isquiotibial al final de I’entrenament. L’estat de sa-
lut general correlaciona positivament amb Squat Jump i
Countermovement Jump al final de I’entrenament, i amb
la flexibilitat en les espatlles tant a I’inici com al final de
I’entrenament. La figura 1 mostra els resultats obtinguts
al final de I’entrenament.

L’analisi de correlacid entre les diferents variables
de forga i la flexibilitat es mostra a la taula 4, on des-
taquen unes correlacions positives al final de I’entrena-
ment, la qual cosa indica que les persones que van ob-
tenir millors resultats en les proves de for¢ca també van
obtenir millors resultats en les proves de flexibilitat.

Taula 4
Correlacions entre I'entrenament de forca i la flexibilitat
isquiotibial i espatlla del GE

Hamstring Shoulder Flexibilitat Flexibilitat
flexibility flexibility isquiotibial espatlla
Initial Final Initial Final Inici Final Inici Final
Sed 0.08 0.58** 0.23 0.47** Sed 0.08 0.58** 0.23 0.47*
Cam 0.20 0.53** 0.45** 0.58** Cam 0.20 0.53** 0.45** 0.58**
SJ 0.20 0.50** 0.38* 0.56** SJ 0.20 0.50** 0.38* 0.56**
CcMJ 0.14 0.49** 0.32 0.55** cMJ 0.14 0.49** 0.32 0.55*

Sed=chair stand; Cam=step test 2 minutes; SJ=Squat jump; CMJ=Counter-
movement jump.
*p<.05; **p<.01.

Sed = chair stand; Cam = test step 2 minuts; SJ = Squat Jump; CMJ = Counter-
movement Jump.
*p<.05; **p<.01.
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Discussion

The results of this study indicate the positive influence of
a strength programme on flexibility, depressive symp-
toms and the perception of health-related quality of life.

With regard to hamstring flexibility, in this study
the exercise group experienced a 24% improvement
(p =.004). Similar values were found in Kalapo-
tharakos et al. (2005), with a 20% improvement
(p < .001); Cavani, Mier, Musto, and Tummers
(2002), with a 28% improvement (p =.006); and
Rider and Daly (1991), with a 25% improvement
(p < .005). These results show that even though flex-
ibility is an aspect of physical fitness which regresses
with age, it can be improved considerably, and given
the direct relationship between mobility and functional
independence, flexibility can contribute to better qual-
ity of life (Fiaratone, 2004). Conversely, Romo-Pérez
and Barcala-Furelos (2012) did not find improvements
after strength training with vibrations. The reason
for this difference could be the use of different kinds
of training. On the other hand, the flexibility of the
control group worsened by 12% (p =.071). Similar
values were found in Cavani et al. (2002), where the
control group’s flexibility dropped 15.4%, although
other studies did not find significant reductions (Ka-
lapotharakos et al., 2005). As Brown and Hollosky
(1991) suggest, a reduction in physical activity is one
of the reasons behind the loss in flexibility.

With regard to depressive symptoms, in this study
the exercise group experienced a significant im-
provement of 39.9% (which means a 1.1 reduction,
going from 2.8 to 1.7). Singh, Clements, and Fiara-
tone (1997) found significant improvements of 53 %
(p < .001). The difference in scores with respect to
our study may be due to the fact that the participants
had depression before starting the intervention, and
as Barbour and Blumenthal (2005) believe, the rela-
tionship between physical activity and depression is
stronger when the depression is already severe. In
a subsequent study, Singh et al. (2005) verified that
high-intensity (80%RM) or low-intensity (20%RM)
strength training led to a reduction in depressive
symptoms, although the high-intensity training was
more effective (61% versus 29% improvement). The
parameter used to work on the intensity in that study
was based on the amount of the load moved, while in
ours it was on the speed of execution, which could be
the reason behind the differences found.

Discussio

Els resultats d’aquest estudi indiquen una influéncia po-
sitiva d’un programa de forca sobre la flexibilitat, els
simptomes depressius i la percepcié de la qualitat de
vida relacionada amb la salut.

En relacié amb la flexibilitat isquiotibial, en aquest
treball el GE ha experimentat una millora del 24%
(p = .004). Valors similars es troben en Kalapotha-
rakos et al. (2005), que van obtenir millores del 20%
(p < .001), Cavani, Mier, Musto i Tummers (2002),
del 28% (p=.006), i Rider i Daly (1991), del 25%
(p < .005). Aquests resultats demostren que, encara
que la flexibilitat sigui un aspecte de la condici6 fisica
que involuciona amb 1’edat es pot millorar considera-
blement, i donades les relacions directes existents entre
la mobilitat i la independencia funcional, la flexibilitat
pot contribuir a una millora de la qualitat de vida (Fia-
ratone, 2004). Contrariament, Romo-Pérez i Barcala-
Furelos (2012) no van obtenir millores després d’un en-
trenament de forca amb vibracions. El motiu d’aquestes
diferencies podria ser degut a la utilitzaci6 de diferents
tipus d’entrenament. D’altra banda, la flexibilitat del GC
va empitjorar un 12% (p = .071). Valors similars es tro-
ben en Cavaniet al. (2002) on el GC va reduir un 15.4%
la flexibilitat, encara que altres estudis no van trobar
reduccions significatives (Kalapotharakos et al., 2005).
Com suggereixen Brown i Hollosky (1991), la reduccid
de I’activitat fisica és una de les causes de la perdua
de flexibilitat.

En relaci6 amb els simptomes depressius, en aquest
treball el GE ha experimentat una millora significativa
del 39.9% (que correspon a una reducci6é d’1.1 en pas-
sar de 2.8 a 1.7). Singh, Clements i Fiaratone (1997)
van trobar millores significatives del 53% (p < .001).
La diferéncia de puntuacié respecte a aquesta recerca
pot ser deguda al fet que els participants tenien depres-
si6 abans d’iniciar la intervencid, i, com opinen Barbour
i Blumenthal(2005), la relaci6 entre activitat fisica i de-
pressi6 és més forta quan la depressié esta ja establerta.
En un estudi posterior, Singh et al. (2005) van verificar
que un entrenament de forca a alta (80%RM) o baixa
(20%RM) intensitat provocava una reduccié dels simp-
tomes depressius, perd el d’alta intensitat era més efec-
tiu (millora del 61% versus 29%). El parametre utilitzat
en aquell cas per a treballar la intensitat estava basat en
la carrega mobilitzada, i en aquest estudi en la velocitat
d’execucid, la qual cosa podria ser la causa de les dife-
réncies trobades.
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There is evidence of the association between levels
of physical activity and HRQL, although the majority
of studies are cross-sectional (Vagetti et al., 2014). In
the HRQL analysis in this study, all the dimensions of
the exercise group improved, although only physical
function, emotional role, mental function, vitality and
pain felt increased significantly. In a similar study,
even though the physical activity intervention was
based on aerobic training (60%), gains were found
in all the dimensions (Del Valle Soto, Prieto Saborit,
Nistal Hernandez, Martinez Suarez, & Ruiz Fernan-
dez, 2016). With regard to general health, different
studies (Pérez-Fuentes et al., 2015) provide evidence
of correlations between general health and strength
training. However, our results indicate that these
relationships are not significant. One possible expla-
nation for this could be the fact that the relationship
between perception of health and real health is not al-
ways positive, or that the starting point was a high
score (80% of the sample evaluated their health as av-
erage or good), and therefore the margin of change is
smaller (Castro-Vazquez, Espinosa-Gutiérrez, Rodri-
guez-Contreras, & Santos-Iglesias, 2007).

Regarding the possible relationships among the
different dimensions, it is suggested that an im-
provement in physical function lowers pain, which
favours the emotional role, mental function and vi-
tality. Focusing solely on interventions that use
strength programmes, in the study by Singh et al.
(1997) the subjects improved on pain, vitality, social
functioning and emotional role, dovetailing with our
study except in physical function. Conversely, in the
study by De Vreede et al. (2007), the participants
improved only in physical function, while Earles,
Judge, and Gunnarsson (2001) only found improve-
ments in the emotional dimension. Worth noting are
the major improvements in pain and physical func-
tion in the study by Baker et al. (2001) and just in
pain in the study by Gusi, Tomas-Carus, Hakkinen,
Hékkinen, and Ortega-Alonso (2006), although the
two samples had bone-joint problems and fibromy-
algia respectively, which could have fostered the im-
provements found.

In terms of the CG, all the dimensions studied
worsened or remained the same, although only vi-
tality and pain worsened significantly. In a similar
study, Montero (2008) found decreases or no chang-
es in the different dimensions within the CG and im-
provements within the EG. Just as in our study, the

Existeix una evidéncia entre 1’associaci6é dels ni-
vells d’activitat fisica i la CVRS encara que la majo-
ria d’estudis sén transversals (Vagetti et al., 2014).
En Dl’analisi de la CVRS d’aquesta recerca, totes les
dimensions del GE van millorar, encara que només la
funcid fisica, rol emocional, funcié mental, vitalitat i
dolor van experimentar un augment significatiu. En
un estudi similar, encara que la intervenci6 en activi-
tat fisica es basava en un entrenament aerobic (60%),
es van observar guanys en totes les dimensions (Del
Valle Soto, Prieto Saborit, Nistal Hernandez, Martinez
Suarez i Ruiz Fernandez, 2016). Referent a la salut
general, diferents treballs (Pérez-Fuentes et al., 2015)
aporten evideéncies sobre l’existéncia de correlacions
entre la salut general i I’entrenament de forca. Con-
trariament els nostres resultats indiquen que aquestes
relacions no son significatives. Una possible explicaci
sobre aquest tema podria ser el fet que la relaci6 entre
la percepci6 de la salut i la salut real no sempre és
positiva, o que es partia d’una puntuacié alta (el 80%
de la mostra valora la seva salut com regular o bona), i
per tant el marge de canvi és menor (Castro-Vazquez,
Espinosa-Gutiérrez, Rodriguez-Contreras i Santos-
Iglesias, 2007).

De les possibles relacions entre les diferents di-
mensions, se suggereix que la millora de la funci6 fi-
sica disminueix el dolor, la qual cosa afavoreix el rol
emocional, la funcié mental i la vitalitat. Si la recerca
se centra només en les intervencions que utilitzen pro-
grames de forca, en I’estudi de Singh et al. (1997) els
subjectes van millorar el dolor, vitalitat, funcionament
social i rol emocional, coincidint amb aquest treball ex-
cepte en la funcid fisica. Perd a I’estudi de De Vreede
et al. (2007) els participants van millorar només en la
funcié fisica, i Earles, Judge i Gunnarsson (2001) no-
més van observar millores en la dimensié emocional.
Poden destacar-se les grans millores del dolor i funci6
fisica en 1’estudi de Baker et al. (2001), o del dolor
en I’estudi de Gusi, Tomas-Carus, Hikkinen, Hakki-
nen i Ortega-Alonso (2006), encara que les dues mos-
tres tenien problemes osteoarticulars i de fibromialgia
respectivament, per la qual cosa pot haver afavorit les
millores trobades.

Quant al GC, totes les dimensions estudiades obtenen
un empitjorament, només significatiu en la vitalitat i el
dolor, o es mantenen igual. En una linia similar de re-
cerca, Montero (2008) va observar disminucions o man-
teniment de les diferents dimensions dins del GC i una
millora dins del GE. Com en aquest estudi, la distancia
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distance separating the two groups at the end of the
intervention increased.

Finally, some of the limitations of this study are
worth noting such as the sample size, which could
have hindered detecting some significant associa-
tions, although the previous homogeneity study and
the existence of the control group strove to mini-
mise this.

Conclusions

As the conclusions of this study, there is the positive
influence of a strength training programme on flex-
ibility, depressive symptoms and the perception of
HRQL, most notably the increase in physical, mental
and emotional function and vitality and the decrease
in pain. Therefore, according to the results of this
study, it seems important to encourage this kind of
programme among the elderly.

In order to better understand the dose-type-re-
sponse relationship between HRQL and physical ac-
tivity, future studies are needed to determine whether
strength accompanied by flexibility exercises is the
best strategy for preserving functionality in the elder-
ly because of the possible transfers observed in oth-
er realms. Likewise, it would be recommendable to
establish relationships between age and sex with the
HRQL observed in similar studies.
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que separa els dos grups al final de la intervencid, aug-
menta.

Finalment, convé assenyalar algunes de les limita-
cions que presenta aquesta recerca, com la mida de la
mostra que pot haver impedit detectar algunes asso-
ciacions significatives, encara que ’estudi d’homogene-
itat previ i ’existéncia d’'un GC intenten minimitzar-lo.

Conclusions

Com a conclusions de 1’estudi, es pot indicar una in-
fluéncia positiva d’un programa de forca sobre la fle-
xibilitat, els simptomes depressius i la percepcié de la
CVRS destacant 1’increment de la funcid fisica, mental,
emocional, vitalitat, i la disminucié del dolor. Per tant,
d’acord amb els resultats obtinguts en aquest estudi,
sembla important fomentar aquest tipus de programes en
les persones grans.

Per a comprendre millor la relacié dosi-tipus-respos-
ta entre la CVRS i D’activitat fisica serien necessaries
futures recerques per a determinar si la forca, acom-
panyada d’exercicis de flexibilitat, és la millor estra-
tegia per a preservar la funcionalitat de les persones
grans per les possibles transferéncies que s’observen en
altres ambits. Aixi mateix, seria recomanable establir
relacions entre I’edat i el sexe amb la CVRS observada
en estudis similars.
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