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ABSTRACT: To examine the effects of short-term strength training (STST) on different
manifestations of muscle strength in the lower limbs, functional capacity and body composition of people 65
years old or older. We searched the electronic databases (PubMed, Web of Science and Cochrane) to identify
all publications using STST (up to 12 weeks) in people aged 65 or older, published in the last five years, prior
to May 2018. Results were analyzed as continuous data using random effects to calculate the standardized
mean difference (SMD) and the 95% confidence interval (95%CI). 28 studies with 921 subjects met the
inclusion criteria and were analyzed. These works were grouped into three categories for analysis: Muscular
Strength, Functional Capacity and Body Composition. In Muscular Strength category, the overall pooled effect
estimate was 0.95 (95%CI: 0.63; 1.26), with a significant STST effect (Z= 5.93; p<0.001), over the different
strength manifestations analyzed. In Functional Capacity category, the STST decreased the Time Up-and-Go
test run time (SMD: -1.01; 95%CI: -1.56; -0.47) and increased the repetitions’ number performed in 30-s chair-
stand test (SMD: 1.07, 95% CI: 0.79, 1.34). In Body Composition category, the overall pooled effect estimate
was 0.13 (95%CI: -0.16; 0.42), without finding a significant effect of STST (Z= 0.87; p= 0.38). STST has a
moderate to large effect in improving the different manifestations of muscle strength and functional capacity.
However, this type of intervention has no effect on body composition.
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INTRODUCTION

From a biomedical perspective, the term
aging refers to changes in molecules, cells,
populations or species over time. This process is
characterized by the accumulation of errors at the
molecular and cellular level that are manifested by a
functional decline at tissues and organs level
(ZANG et al.,, 2016; ZANG, 2015). The aging
process promotes changes in body composition,
causing the rate of loss of muscle mass (MM) in
individuals older than 50 years to be 1 to 2% per
year, while the rate of muscle strength loss reaches
values yearly from 1.5 to 3% and the rate of annual
bone mass loss is 1 to 2% (CURTIS et al., 2015).
All these changes lead to an increase in the risk of
fractures as age increases. It is estimated that after
the fifth decade of life, one in two women and one

in five men will suffer a fracture due to bone
fragility (LORENTZON; CUMMINGS, 2015).

The American College of Sports Medicine
(ACSM, 2011; ACSM, 2009) states that regular
physical activity practice in older people result in
positive adaptations in the body that contribute to a
healthy aging. It demonstrates a reduced risk of
developing the fragility syndrome and the risk of
falls, as well as improving physical capacity,
balance, mobility, muscular strength/power, body
composition and functional capacity. In particular,
strength training seems to promote more consistent
results in  functional capacity (BRADY;
STRAIGHT; EVANS, 2014), in MM and muscle
strength, during the aging process (BROOK et al.,
2016).

In this line, different research groups are
studying the effects of strength training in older
people, using different methods and training
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strategy (MATOS et al, 2017, RAMIREZ-
CAMPILLO et al., 2017; MAZINI-FILHO et al.,
2018; FRANK et al., 2016; FRAGALA et al., 2014;
PINTO et al., 2014). Among the different strategies
is short-term strength training (STST). This training
type refers to programs lasting up to 12 weeks
(FARINATTI et al., 2016; KIMURA et al., 2010;
LOWNDES et al., 2009), although some authors
consider up to 16 weeks (MORAN et al., 2017).

Studies using STST in older people wear
different strategies, such as functional training
(MATOS et al., 2017), high-speed strength training
(RAMIREZ-CAMPILLO et al., 2017), elastic bands
strength training (KIM et al., 2015) or traditional
strength training (ZHAO et al., 2017), with a large
range of volumes and intensities. This contributes to
explain the heterogeneous character of results
obtained between studies.

Because low muscle strength levels are
associated with lower functional capacity in older
people, muscle strength is a strong predictor of
functional limitation, disability and even mortality
(BUCH et al, 2016; BORDE; HORTOBAGYI;
GRANACHER, 2015; SCHAAP; KOSTER;
VISSER, 2013). The wuse of short-term
interventions that increase short-term strength levels
in these older people may contribute to improved
functional autonomy and physical conditioning to
support higher loads in long-term training programs.

Based on this premise, the aim of this
systematic review and meta-analysis is to
systematically review the literature on clinical trials
and randomized controlled trials that examined the
effects of STST in people 65 years old or older,
without associated diseases, and how this
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intervention affects the different manifestations of
muscle strength in the lower limbs, functional
capacity and body composition. It was hypothesized
that subjects who performed STST would
significantly increase the different muscle strength
manifestations in the lower limbs, as well as the
functional capacity when comparing them with
people with similar characteristics that did not
perform training. In addition, it was also
hypothesized that STST is capable of producing
increases in MM and reductions in fat mass (FM).

MATERIAL AND METHODS

Data sources

This systematic review was designed
following the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyzes
(PRISMA). A systematic literature search was
conducted in the PubMed, Web of Science
electronic databases and the Cochrane Central
Register of Controlled Trials from January 2012 to
May 2018. The search was performed using the
MeSH terms "strength training" and '"resistance
training" in combination with "elderly", "older" and
"aged" (to exact search terms in different databases,
see Table 1), in the title, abstract, and keywords.
The studies quality evaluation, the decision on their
inclusion in this review and the data extraction were
made by two independent researchers. Initial
discrepancies between researchers were resolved by
consensus. In cases where discrepancies could not
be resolved, the final decision was made by another
independent researcher.

Table 1. Detailed listing of articles found and search terms applied in the selected databases.

Database Articles found MeSH terms

PubMed 236 ("resistance training" OR "strength training") AND
(older OR aged OR eclderly)

Cochrane 125 ("resistance training" OR "strength training") AND
(older OR aged OR eclderly)

Web of Science 302 ("resistance training" OR "strength training") AND

(older OR aged OR elderly)

Inclusion and Exclusion Criteria

We selected randomized controlled trials
and clinical trials published in English in the last
five years examining the effect STST on different
muscle strength manifestations, functional capacity
and body composition in people 65 years old or
older. It was considered STST an intervention in
which the participants exercised the lower limbs
against external strength, with bilateral evaluation.
Participants should be randomized, a control group

of people 65 years old or older should be included,
and the intervention should extend a maximum of
12 weeks. The exclusion criteria were: case studies,
observational  studies, studies with  young
comparison groups, studies employing additional
therapies or intervention other than strength
training, and studies where older people had some
associated disease. To perform the meta-analysis, in
addition to the criteria already indicated, another
criterion of exclusion was not to provide data about
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the sample size, mean and standard deviation of the
interest variables.

Data extraction

With the use of an extraction form, some
methodological details of each study were recorded,
as described in Table 2, in which the publication
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data (authors), number of participants (control group
and experimental group), type, duration, frequency,
intensity and volume of the intervention, as well as a
summary of main results related to interest variables
(different muscle strength manifestations, functional
capacity and body composition), are presented.

Table 2. Characteristics of randomized controlled trials and clinical trials examining the STST effects on
different lower limb strength manifestations, functional capacity and body composition of elderly

people.

Study Type CG EG Dur. Freq. Inten.

Series Rep. Main outcomes

Correa et

al. (2012) TST 17 42 6 2
Delshad et
al. (2013)
Emerson
et al.
(2015) TST 12 11 6 2
Fragala et

al. 2014) TST 11 12 6 2
Frank et

al. 2016) TST 9 12 8 3
Gennuso

et al.

(2013) TST 13 12 8 2
Gerage et

al. (2013) TST 14 15 12 3
Granacher

et al.

(2013) FT 16 16 9 2 NR
Gurjao et

al. (2012) TST 7 10 8 3
Kim et al.
(2015)
Kobayashi
et al.
(2016) EST 24 32 4 2
Lee; Park

(2013) TST 20 30 12 2
Lohne-
Seiler;
Torstveit;
Anderssen
(2013)
Lubans et
al. (2013)
Martins et
al. (2015)
Mejias-
Peiia et al.
(2017) TST 10 16 8 2
Pinto et al.

(2014) TST 17 19 6 2

EBST 10 10 12 3

15 RM

EBST 8 22 12 2

10 RM

HSST 10 23 11 2

EBST 22 22 8 2

EBST 20 20 8 2

12a15RM

80a100%RM 3 10

70a85%RM 3

5a 6 OMNI

75a80%RM 3 12

5-6 OMNI

10a 12 RM

12 a 13 RPE

45a75% RM 3

60a80%RM 3

12a 16 RPE

8al0OMNI 2a3 15

60a80%RM 3

12a20 RM

2a3 12al5 1:MDVC, MM, FC;

T:MM; |: FM

8al5 1:MDVC,FC; «<: MM, FM
3 8al5 1:FC; -: MM

1: MDVC, MM

1 8 1: MDVC

2 10a 15 1: MDVC; <>: MM, FM

3a4 15a20 1:FC
3 10a12 1: MIVC

2a3 12al5 1:MDVC; «: MM, FM

3 10 1: MIVC, MM

10a12 1:FCG;

10212 1: MDVC; <>: POW
2 10a15 1:FC

«: MM, RM

10a12 1: MDVC, MIVC

2a3 12a20 1:MDVC, FC, MM
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Ramirez-
Campillo
et al.
(2014)
Ramirez-
Campillo
et al.
(2017)
Rodriguez-
Miguelez
et al.
(2014)
Sayers;
Gibson
(2014)
Scalon et
al. (2014)
Silva
Correa et
al. (2014)
Smolarek
et al.
(2014)
Valls et al.
(2014)
Walker;
Hikkinen
(2014)
Zech et al.
(2012)
Zhao et al.
(2017) TST 7 10 12 2 NR NR NR l: FM

CG: control group simple size; EG: experimental group simple size; Dur.: training duration in weeks; Freq.: weekly training frequency;
Inten.: training intensity; Rep.: number of repetitions; TST: traditional strength training; EBST: elastic bands strength training; FT:
functional training; EST: explosive strength training; HSST: high-speed strength training; RPE: rating of perceived exESTion; NR: not
reported; MDVC: maximum dynamic voluntary contraction; MIVC: maximum isometric voluntary contraction, POW: muscle power;
FC: functional capacity; MM: muscle mass; FM: fat mass.

HSST 15 30 12 3 45a70%RM 3 8 1: MDVC, POW, FC

HSST 20 20 12 3 45a70%RM 3 8 1: MDVC, POW, FC

TST 10 60a80%RM 3 10a12 1:MIVC

HSST 18 24 12 2 40% RM 3 12a14 1: MDVC, POW

TST 12 13 6 2 70a85%RM 2a4 8al2 1:MDVC;«+: MM, FM

TST 33 17 6 2 8al12RM 3a4 8al2 1:FC; <:MIVC, MM, FM

ST & 29 12 3 60a70%RM 3 10 T:FC

EST 5 7 12 2 70% RM 3a4 10a12 1: MDVC, POW, FC

TST 11 26 10 2 60a85%RM 2a4 8al4d 1:MDVC, MIVC; < MM

TST 22 20 12 2 12a16 RPE 2 15 1: POW; <: MDVC, MM

Quality assessment

All articles that met the predefined inclusion
criteria were evaluated using the Physiotherapy
Evidence Database scale (PEDro). The PEDro scale
is composed of 11 items that evaluate the
methodological quality of intervention studies and
the following methodological aspects: 1.Eligibility
criteria reported; 2. Random assignment; 3.
Concealed allocation; 4. Groups similar at baseline
regarding most important prognostic indicator; 5.
Blinding of participants; 6. Blinding of therapists; 7.

Blinding of assessors who measured key outcome;
8. Measures of at least one key outcome were
obtained from more than 85% of initial participants;
9. All participants received treatment or control
condition as allocated; 10. Results of between-group
statistical comparisons are reported; 11. Study
provides point measures and measures of variability
for at least one key outcome. When rating each
study, a minimum value of 6/11 was considered in
the PEDro scale for inclusion in the systematic
review, as described in Table 3.

Table 3. Methodological quality of articles evaluated by PEDro scale.

Criterion
Study 1 2 3 45 6 7 8 9 10 11 Total
Correa et al. (2012) + + - o+ - - -+ 4+ + o+ T
Delshad et al. (2013) + + - 4+ - - -+ 4+ 4+ o+ 1M
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Emerson et al. (2015)

Fragala et al. (2014)

Frank et al. (2016)

Gennuso et al. (2013)

Gerage et al. (2013)

Granacher et al. (2013)

Gurjao et al. (2012)

Kim et al. (2015)

Kobayashi et al. (2016)

Lee; Park (2013)

Lohne-Seiler; Torstveit; Anderssen (2013)
Lubans et al. (2013)

Martins et al. (2015)
Mejias-Peia et al. (2017)

Pinto et al. (2014)
Ramirez-Campillo et al. (2014)
Ramirez-Campillo et al. (2017)
Rodriguez-Miguelez et al. (2014)
Sayers; Gibson (2014)

Scalon et al. (2014)

Silva Correa et al. (2014)
Smolarek et al. (2014)

Valls et al. (2014)

Walker; Hékkinen (2014)
Zech et al. (2012)

Zhao et al. (2017)

s S e S S S e e S S S S S S s
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7/11
7/11
7/11
7/11
7/11
7/11
7/11
6/11
7/11
6/11
6/11
7/11
7/11
7/11
7/11
7/11
7/11
7/11
7/11
7/11
6/11
7/11
7/11
7/11
7/11
7/11

1
1
+ 4+ + + + + +

_|_

+ + + + + o+ o+
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1
++ + o+t

+ + + + o+

Statistical Analysis

The meta-analysis was performed using
RevMan 5.3 (The Nordic Cochrane Center, The
Cochrane Collaboration, Copenhagen 2012. Free
software available at
http://tech.cochrane.org/revman/  download), to
assess STST effect on different muscle strength
manifestations, functional capacity and body
composition. The data were grouped into different
items according to seven variables: maximum
dynamic strength (MDVC), maximum isometric
strength (MIVC), power, time up-and-go test
(TUG), 30-s chair-stand test (CST), muscle mass
(MM) and fat mass (FM). These seven items were
analyzed in three categories: Muscular Strength
(MDVC, MIVC and power), Functional Capacity
(TUG and CST) and Body Composition (MM and
FM). The results were analyzed as continuous
variables using a random effects model to calculate
the standardized difference of means (SMD) with a
95% confidence interval (95%IC). A p-value <0.05
indicated statistical significance for overall effect
and for heterogeneity between studies. However,

when selected articles did not provide sufficient data
for the analysis, authors were contacted to obtain the
relevant information.

RESULTS

Figure 1 shows a flow chart with the
different phases of the search and selection of
studies included in the review. The initial search for
electronic databases identified 663 titles, of which
431 were rejected for additional intervention
associated with strength training, because they were
performed in people with an associated disease or
because they were not randomized controlled trials
and clinical trials. In addition, 88 studies were
excluded because of duplicity problems. Thus, a
total of 144 abstracts were examined, of which 108
were excluded for: not having a control group, not
evaluating any variable of interest, presenting
additional therapies or intervention other than
strength training, being performed in people with
associated disease, being a review, or showing an
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intervention longer than 12 weeks. 36 completed
texts were reviewed, being excluded eight studies
that did not meet the inclusion criteria. The main
reasons for exclusion were: lack of control group
(n= 2), intervention longer than 12 weeks (n= 1),
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people under 65 years old (n= 1), and not indicating
mean, standard deviation and number of participants
assigned in each group (n=4). A total of 28 studies
were finally included in this systematic review and
meta-analysis.

Records excluded after
title analysis (n = 431)

Records excluded after
abstract analysis (n = 108)

Full-text articles excluded,
with reasons
(n=28)

—
=
£ Records identified through database
xg searching
= (n=663)
=
<
=
=
) A
Records after duplicates removed
(n=575)
80
=
=
@
o y
-
<2
@ Abstracts screened
(n=144)
| S—
v
Full-text articles assessed
£ for eligibility
= (n=36)
)
= >
v
__ Studies included in
qualitative synthesis
(n=28)
2
< y
=
=] NP .
- Studies included in
= quantitative synthesis
(meta-analysis)
(n=28)
—J

Figure 1. Flow diagram illustrating the different phases of the search and selection of studies included in the

review (PRISMA).

The mean methodological quality of the
studies on PEDro scale was 6.86 = 0.35, with scores
of 6 to 7. All studies were classified as high quality
(MAROTO-IZQUIERDO et al., 2017). The most
common defect was lack of blinding of participants,
therapists or appraisers. However, blinding of
participants in these studies should be considered as
a difficult requirement to meet. The reliability
among appraisers was significantly high (ICC=
0.98).

The main features of the studies included in
this review with respect to participants,
interventions and outcomes are illustrated in Table
2. The total participants’ number in the included
studies was 921. Of these, 536 participants (58.2%)
performed STST and 385 (41.8%) served as
controls, without performing any type of
systematized training. The main types of strength
training used were traditional strength training
(60.71%), followed by high-speed strength training
(14.29%) and elastic bands strength training

(14.29%). The interventions’ duration varied
between 4 and 12 weeks, where 42.86% of the
studies had duration of 12 weeks, 25% of 8 weeks
and 17.86% of 6 weeks. The training frequency was
2 (75%) and 3 (25%) times per week. The intensity
in most of the studies was controlled by 1RM
percentage (50%), varying between 45 and 100% of
1RM. The total number of series performed ranged
from 1 to 4 secries, with most of the studies
performing 3 series (50%). The repetitions’ number
performed in each series varied between 8 and 20
repetitions, although most of the studies used
between 10 and 12 repetitions (21.43%).

The main results of analyzed studies were
increases of MDVC (CORREA et al., 2012;
GERAGE et al, 2013; VALLS et al., 2014;
SAYERS; GIBSON, 2014; RAMIREZ-CAMPILLO
et al., 2017, RAMIREZ-CAMPILLO et al., 2014;
MEJIAS-PENA et al., 2017; SCALON et al., 2014;
KIM et al, 2015; GENNUSO et al, 2013;
EMERSON et al., 2015; PINTO et al., 2014;
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WALKER; HAKKINEN, 2014; FRANK et al.,
2016; LOHNE-SEILER; TORSTVEIT;
ANDERSSEN, 2013), MIVC (GURJAO et al.,
2012; KOBAYASHI et al., 2016; MEJIAS-PENA et
al., 2017; RODRIGUEZ-MIGUELEZ et al., 2014;
WALKER; HAKKINEN, 2014), de la potencia
muscular (VALLS et al., 2014; SAYERS; GIBSON,
2014; RAMIREZ-CAMPILLO et al, 2017
RAMIREZ-CAMPILLO et al., 2014; ZECH et al.,
2012), muscle power (RAMIREZ-CAMPILLO et
al., 2017; VALLS et al., 2014; SAYERS; GIBSON,
2014; RAMIREZ-CAMPILLO et al., 2014; ZECH
et al.,, 2012) and functional capacity (CORREA et
al., 2012; LEE; PARK, 2013; GRANACHER et al.,
2013; VALLS et al., 2014; RAMIREZ-CAMPILLO
et al., 2017; RAMIREZ-CAMPILLO et al., 2014;
FRAGALA et al., 2014; LUBANS et al., 2013;
EMERSON et al., 2015; PINTO et al., 2014; SILVA
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CORREA et al., 2013; SMOLAREK et al., 2014).
In addition, some studies reported increases in MM
(CORREA et al.,, 2012; DELSHAD et al., 2013;
KOBAYASHI et al.,, 2016; PINTO et al., 2014;
FRANK et al., 2016) and reduction in FM (ZHAO
etal., 2017).

For Muscular Strength category, the overall
pooled effect estimate was 0.95 (95%CI: 0.63;
1.26), with a significant STST effect (Z= 5.93;
p<0.001), as shown in Figure 2. Likewise, in its
MDVC, MIVC and muscle power items, a positive
and significant STST effect on these variables was
also found. The Meta-analyzes of items showed
significant ~ differences  in  training-induced
adaptations for MDVC (SMD: 1.05, 95%CI: 0.61;
1.50), MIVC (SMD: 0.87, 95%CI: 0.16; 1.58) and
muscle power (SMD: 0.79, 95%CI: 0.16; 1.41).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight NI, Rand 95% CI IV, Rand 95% CI
1.1.1 MDVC
Marting et al. [46] 1216 397 20 1257 364 200 43% -0.10[F0.73, 0.52) e
Kirm etal. [19] 1148 678 22 11862 9.88 8 38% -0.10[F0.91,0.71] o
Lohne-Seiler, Tarstveit, Anderssen [35] 13592 66.47 23 11565 4393 10 4.0% 0.33[-0.42,1.07] <
Gerage et al. [26] 276 37 14 25.2 47 14 40% 0.55[-0.19,1.30] e
Wialker, Hakkinen [34] 15477 26.29 26 140.68 27.09 11 4.1% 0.596 [-0.16,1.27] R
Emersan etal. [33] 48 146 11 333 148 12 37% 0.93 [0.06, 1.80] [
Ramirez-Campillo et al. [29] 1003 188 20 80.3 204 20 4.2% 1.01 [0.35, 1.67] T
Ramirez-Campillo et al. [10] 1013 206 il 80.3 2041 15 42% 1.01 [0.35, 1.67] v
Scalon et al. [31] 51.7 176 13 333 147 12 37% 1.09 [0.24, 1.94] =
Sayers, Gibsan [28] 1741 213 24 1398 378 18 42% 1.15[0.48,1.81] ey
Finto et al. [14] 51.9 9.9 19 38.8 g 17 4.0% 1.35 [0.62, 2.08] Ty
Carrea et al. [28] 50.4 8.4 42 36.8 g 17 43% 1.87 [0.93, 2.20] o
Mejias-Pefia et al. [30] 1984 143 16 1713 182 10 36% 1.65[0.72, 2.59] T
Yalls etal. [27] 531 32 7 451 33 5 22% 2.28[0.68, 3.89] T
Gennuso etal. [32] 253 1 12 147 FEE! 13 089% 9.32[6.40,12.24] CEEEE T S
Subtotal (95% CI) 300 202 55.3% 1.05 [0.61, 1.50] L
Heterogeneity: Taw®= 0.56; Chi*= 63.86, df=14 (P < 0.00001); F=78%
Testfor averall effect: 2= 4.68 (P = 0.00001)
1.1.2 MIVC
Silva Carrea et al. [43] 63.41 1416 17 B1.87 2378 17 42% 0.08 [-0.60, 0.74] I
Kohayashi et al. [37] 454 294 32 g2.4 24 24 4.5% 0.09 [-0.44, 0.62] 5l
YWalker, Hakkinen [34] 261.83 6612 26 2297 377 11 41% 0.83[-0.19,1.29] 2 B
Gurjio et al. [36] 334 56 10 295 51 7 34% 0.68 [0.32, 1.69] T
Rodriguez-Miguelez et al. [38] 1984 143 16 1713 182 10 36% 1.65[0.72, 2.59] T
Mejias-Pefia et al. [30] 1374 128 16 981 1458 10 3% 2.72[1.59, 3.84] T
Subtotal (95% CI) 17 79  22.8% 0.87 [0.16, 1.58] &
Heterogeneity: Tau?= 0.60; Chi*= 24 48, df= 5 (F = 0.0002); F= 80%
Testfor overall effect 2=2.41 (P=0.02)
1.1.3 Muscle Power
Lohne-Seiler, Tarstveit, Anderssen [35] 4589 14.89 20 4815 13.08 22 43% -0.16 [F0.77, 0.45] 3
Sayers, Gibsan [28] 95 20 20 82 21 200 43% 0.62 [-0.01,1.26] [
Ramirez-Campillo et al. [10] 98 27 il 82 21 15 43% 0.62 [-0.01,1.26] B
Zechetal [39] 90.95 36.45 23 6488 2402 10 38% 0.76 [-0.00,1.53] B
Ramirez-Campillo et al. [29] 1021 134 24 THET 258 18 42% 1.18[0.51,1.84] e
valls et al. [27] 73 2 7 58 3 5 0.9% 5.65 [2.66, 5.64] —=
Subtotal (95% CI) 124 90 21.9% 0.79[0.16, 1.41] L2
Heterogeneity: Tau®= 0.42; Chi*= 20.05, df=4 (P = 0.001); F= 75%
Testfor overall effect 2= 2 46 (P = 0.01)
Total (95% CI) 541 371 100.0% 0.95[0.63, 1.26] +
Heterogeneity: Tau?= 0.48; Chi*= 112.22, df= 26 (P < 0.00001); F= 77% _110 5 5 £ 110
Testfor averall eﬁec.t: Z=583(F < 0.000013 Favours [control] Favours [experimental]
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Figure 2. Forest plot with meta-analysis of standardized mean difference showing the effect of short-term
strength training on different muscle strength manifestations in elderly.

For Functional Capacity category, the
overall pooled effect estimate was 1.05 (95%CI:
0.80; 1.31), indicating that there was no significant
STST effect (Z= 8.10; p<0.001), as shown in Figure

3. In the TUG, the meta-analysis indicated that
STST has a positive effect on the reduction of the
execution time of this test, with a significant overall
effect (SMD: 1.01, 95%CI: 0.47; 1.56). Likewise,
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repetitions performed (SMD: 1.07, 95%CI: 0.79;

effect was also observed on the total number of 1.34).
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, R , 95% CI1 M, R: 95% Cl
1.2.1 TUG
Fragala etal. [13] T.452 1.28 11 752 1.28 12 B.5% 0.00[0.82,0.82] TR
Ramirez-Campillo et al. [10] 79 13 14 6.7 1.3 30 8.6% 0.91 [0.26, 1.56]
Granacher etal. [41] 98 08 16 91 06 16 T.4% 0.96 [0.23,1.70]
Ramirez-Campillo et al. [29] 79 13 20 6.3 141 20 81% 1.30 [0.61,1.99]
Firto etal. [14] 474 058 17 363 035 19 BT% 1,06 [1.06, 2.66]
Subtotal (95% CI) 79 97 37.3% 1.01[0.47, 1.56] —eat -
Heterogeneity, Tau®= 0,25 Ghif= 11.03, df= 4 (P = 0.03; F= 64%
Testfor averall effect Z= 3.64 (P = 0.0003)
1.22 CST
Fragalaetal. [13] 1419 2.84 12 1282 217 11 B.3% 0.48 [0.35,1.31] 7
Silva Carrea et al. [43] 18.32 1.81 17 1829 488 17 TA% 0.82[0.12,1.52]
Ramirez-Campillo et al. [10] 137 33 b 1 R e R B 14 8.7% 0.86 [0.21,1.50]
Correa et al. [25] 172 13 42187 2 17 9.5% 0.97 [0.38,1.56] ST B
Pinto et al. [14] 178 1.8 19 183 2 17 TE% 113 [0.42,1.84]
Ramirez-Campillo et al. [29] 144 33 b3 1 R B R B 20 2.3% 1.146[0.48,1.83]
Les, Park [40] 27083 30 08 41 00 91% 1,24 [0.632,1.84]
Smolarek et al. [44] 27 5.04 29 1645 287 8 2.3% 220[1.26,3.19]
Subtotal (95% CI) 199 125  62.7T% 1.07 [0.79, 1.34] -
Heterogeneity Tau®= 0.03; Chi*= 8.81, df= F (P = 0.27); F= 21%
Testfor overall effect Z=7.54 (P = 0.00001)
Total (95% CI) 278 222 100.0% 1.05[0.80, 1.31] L 3
Heterogeneity: Tau®= 0.09; Chi®=19.87, df=12 (P = 0.07); I*= 40% 11 ,i é

Testtor overall effect Z=810(F = 0.00001)
Testfor subdroup diferences: Chi®= 0.03, df=1 (P = 0.87), 7= 0%

t
-2
=

avours [control]) Favours [experimental]

Figure 3. Forest plot with meta-analysis of standardized mean difference showing the effect of short-term
strength training on functional capacity tests in elderly.

Finally, for Body Composition category, the
overall pooled effect estimate was 0.13 (95%CI: -
0.16; 0.42), indicating that there was no significant
STST effect (Z= 0.87; p= 0.38), as shown in Figure

4. Likewise, in the items MM (SMD: 0.26, 95%CTI: -
0.08; 0.26) and FM (SMD: -0.18; 95%CI: -0.75;
0.39) no significant training effect was found either.

Experimental Control

Std. Mean Difference

Std. Mean Difference

Testfar averall effect: Z=

0.87 (P=038)

Testfor subgroup differences: Chi*=1.69 df=1 {P=019) F=407%

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Muscle mass

Kaobayashi et al. [37] 07 1482 32 806 161 24 AT% -0.63 [-1.17,-0.08] ]
Martins et al. [46] 1248 26 20 135 38 20 Ad% -0.30 [0.92, 0.33] el
Gerage et al. [26] 349 3.2 15  36.2 5.9 14 49% -0.27 F1.00, 0.46] bt
Scalan et al. [31] 479 105 13 485 132 12 47% -0.13 F0.892, 0.66] 7
Fragala etal. [13] 4792 1051 12 4841 1323 11 4 6% -0.13 F0.95, 0.69] 2
Emerson et al. [33] 471 9.6 11 474 137 12 4.6% -0.03 [0.84, 0.79] ==
Silva Correaetal. [43] 4102 4683 17 41.02 391 17 8.21% 0.00 [-0.67, 0.67] =
Zech etal. [39] 18 3.3 20 175 2.6 22 55% 017 [-0.44,0.77] =
Walker, Hakkinen [34] 2752 275 26 268 375 11 5.0% 0.23[-0.48, 0.54] =
Delshad et al. [45] 51.6 78 10 483 4.1 10 4.3% 0.50 [-0.38, 1.40] T
Pinto et al. [14] 18.7 31 19 16 2 17 81% 1.00[0.30,1.70] =
Franketal. [12] 524 21 12 486 43 9 41% 1.13[0.18,2.08] B
Kirm et al. [19] 1975 042 22 1881 1.32 8 44% 1.14[0.28, 2.01] b=
Correa et al. [25] 18.7 21 42 16 2 17 584% 1.29 [0.67, 1.90] e
Subtotal (95% CI) 271 204 69.0% 0.26 [-0.08, 0.60] ’
Heterogeneity: Tau®= 0.28; Chi®= 40.75, df=13 (F = 0.0001); F= 653%

Testfor overall effect Z=1.80 (P =013)

1.3.2 Fat mass

Zhao et al. [20] 233 28 10 323 47 Tooo28% -2.28 [-3.60,-0.99] T
Delshad et al. [45] 18.2 4.4 10 212 48 10 4.2% -0.62 [1.53, 0.28] e
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Scalon et al. [31] 40 3 13 35 9 12 46% 087 [0.23, 1.37] e
Kirm et al. [19] 34.84 1.1 22 34.08 1.27 g 45% 066 [-0.17, 1.49] B
Subtotal (95% CI) 98 80 31.0% -0.18 [-0.75, 0.39] L 3
Heterogeneity: Tau®= 0.40; Chi*=19.49 df= 6 (P=0.003); F=69%

Testfor averall effect: Z=0.62 (P =0.54)
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Figure 4. Forest plot with meta-analysis of standardized mean difference showing the effect of short-term

strength training on body composition in elderly.

DISCUSSION

The present study is a systematic review and
meta-analysis that analyzes the effects of STST on
the different muscle strength manifestations in lower
limbs, functional capacity and body composition in
people 65 years old or older. The review includes 28
studies that met the inclusion criteria. Data analysis
provided by these studies showed strong effects of
STST on MDVC, MIVC, muscle power and
functional capacity. The heterogeneity reported
among studies was mainly caused by the different
evaluation methods used for the analyzed variables
in each investigation.

During the aging process a clear relationship
exists between body composition and functional
capacity (KALISH, 2016), with a deterioration of
both aspects over the years. It is also possible to
observe a deterioration of muscular power and
strength levels, especially in lower limbs (BRADY;
STRAIGHT; EVANS, 2014). In addition, body
composition and muscle function have important
implications for falls and fractures in older people.
The loss of mass and muscle strength being the
main risk factors associated with increased falls and
fractures in the hip region (SCOTT et al., 2017).
However, strength training can curb that
deterioration caused by aging, as well as promote
gains in strength or muscle power and increases in
MM, associated with improvements in functional
capacity (BRADY; STRAIGHT; EVANS, 2014;
BROOK et al., 2016).

In this sense, STST was shown as an
effective strategy to improve MDVC in the lower
limbs of older people. By means of the meta-
analysis it was possible to observe that, for each unit
of MDVC increase in the control group, the
experimental group increased 105%. With only six
weeks of traditional strength training, some studies
(CORREA et al., 2012; SCALON et al., 2014;
EMERSON et al., 2015; PINTO et al., 2014) found
increases in MDVC, with effect sizes between 0.93
and 1.57. These increases in MDVC are important
for the elderly, especially because muscle weakness
is the main risk factor for falls, increasing the risk of
falls by five times (BORDE; HORTOBAGYI;
GRANACHER, 2015; MUEHLBAUER;
GOLLHOFER; GRANACHER, 2015). In addition,
MDVC is also involved in functional capacity
maintenance in older people, with muscle strength

being a strong predictor of functional limitation and
disability (BUCH et al., 2016; BORDE;
HORTOBAGYI; GRANACHER, 2015; SCHAAP;
KOSTER; VISSER, 2013), associated with 1.86
times more chances of impairment in functional
capacity (BRADY; STRAIGHT; EVANS, 2014).
Thus, it is possible to think that a STST program is a
quick strategy to prevent functional losses, disability
and fall risk, through its positive effects on MDVC.

Similarly, STST also proves to be effective
to improve MIVC in the lower limbs of older
people. With four weeks of explosive strength
training (2 sessions per week), Kobayashi et al.
(2016) showed improvements in lower limbs MIVC
of older people. In the same line, eight weeks of
traditional strength training, two or three times a
week, were also able to produce MIVC increases
(GURJAO et al., 2012; MEJIAS-PENA et al., 2017;
RODRIGUEZ-MIGUELEZ et al., 2014). On the
other hand, the study of Smoralek et al. (2014) was
the only one who did not find increases in MIVC,
after 12 weeks of traditional strength training. The
MIVC is important for posture maintenance and
body stability, in some actions of daily life and also
in sports practice (BELLAR; MARCUS; JUDGE,
2015; ROMERO-FRANCO; JIMENEZ-REYES;
MONTANO-MUNUERA, 2017). Thus, a STST
program could aid in the preservation of postural
hygiene, body stability and some actions of
everyday life in the elderly.

Lower limbs muscle power of older people
also increased in response to STST. For each unit of
muscle power increase in the control group, the
experimental group showed a 79% increase.
Increases in muscle power were reported in 12-week
studies (VALLS et al., 2014; SAYERS; GIBSON,
2014; RAMIREZ-CAMPILLO et al, 2017;
RAMIREZ-CAMPILLO et al., 2014; ZECH et al.,
2012). These results are important since muscle
power is the best predictor of functional autonomy
in older people, being strongly associated with gait
velocity, balance and functionality in general. It is
the most important strength manifestation for
carrying out activities of daily living, such as
climbing stairs, getting up from a chair or moving
around the house (BRADY; STRAIGHT; EVANS,
2014).

However, aging seems to be associated with
the loss or morphological alteration of cortical
neurons, which in older people result in a 43%
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reduction in  cortical  neurons’  volume
(MCKINNON et al., 2017). It is also observed a
reduction in the number of Schwann cells associated
with myelinated nerve fibers in peripheral nervous
system, resulting in a decrease in axonal conduction
velocity and reduction of neurons efficiency in the
transmission of motor commands to the muscles
(MCKINNON et al, 2017). These structural
changes in neurons, both in the central and
peripheral nervous systems, can affect the ability to
transmit and perform motor tasks, as well as muscle
power. In addition, the aging process also promotes
deterioration of coupling mechanism, excitation-
contraction coupling and/or other responsible sub-
cellular mechanisms in the muscular power
generation (CARTEE et al., 2016). Thus, STST can
be an effective strategy when it is would like to
increase muscular power and the functional
autonomy of the elderly, being able to slow down
and/or reverse the degenerative effects of aging on
that strength manifestation.

Functional capacity can be defined as the
potential presented by the elderly to perform their
daily activities independently (BARBOSA et al.,
2014). During aging, it is possible to observe a
decrease in functional capacity, mainly due to
physical functions deterioration, such as a function
decrease in the muscular, circulatory, respiratory
and nervous systems (GLUCHOWSKI et al., 2015;
WITARD et al., 2016), a situation that may hinder
or impede the elderly perform in their daily
activities.

In this study, data from two tests, TUG and
CST, were used as indicators of functional capacity.
STST promoted a reduction in the time taken to
perform the TUG in people with 65 years old or
older, indicating an improvement in the ability to
move with changes of direction. By means of meta-
analysis it was possible to observe that, for each unit
of time decreased in the TUG by the control group,
the experimental group decreased that time by
101%. With just six weeks of traditional strength
training, twice a week, Pinto et al. (2014) observed a
decrease in TUG execution time. With the same
training time and type, Fragala et al. (2014) reported
similar results. Likewise, Granacher et al. (2013)
demonstrated improvements in this test performance
after nine weeks of functional strength training. Two
other studies by the same research group
(RAMIREZ-CAMPILLO et al., 2017; RAMIREZ-
CAMPILLO et al., 2014) indicate that TUG
performance also improves after 12 weeks of high-
speed strength training.

In this line, STST was also effective in
improving the performance of older people on the
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CST test. For each unit of increase in this test in the
control group, the experimental group presented an
increase of 107%. Different studies (CORREA et
al., 2012; FRAGALA et al., 2014; PINTO et al.,
2014) observed an increase in the number of actions
performed in this test after six weeks of traditional
strength training. Similarly, studies using 12 weeks
of traditional strength training (LEE; PARK, 2013;
VALLS et al., 2014; SMORALEK et al., 2014) or
high-speed  strength  training  (RAMIREZ-
CAMPILLO et al., 2017, RAMIREZ-CAMPILLO
et al., 2014) also showed similar results in people
with 65 years old or older.

These improvements in performance of
functional capacity tests may indicate that STST is
capable of promoting an increase in physical
capacity, in particular of motor functions, with
reflexes on locomotive capacity improvement and
on lower limbs functionality. This is especially
important because STST, in addition to impacting
functional capacity, can contribute to a decrease in
risk of falls, since lower limbs muscle weakness and
functional capacity loss are the main risk factors for
falls in older people (BORDE; HORTOBAGYI,
GRANACHER, 2015; MUEHLBAUER;
GOLLHOFER; GRANACHER, 2015).

Aging is associated with changes in body
composition resulting in decreased MM, increases
in trunk FM and fat infiltration in tissues and organs
(JURA; KOZAK, 2016; KALISH, 2016;
ZAMBONI et al., 2014; SCHAAP; KOSTER;
VISSER, 2013). These changes in body composition
cause a functional autonomy reduction, as well as
the development of chronic diseases and premature
mortality (KIM et al., 2016; JURA; KOZAK, 2016;
BRADY; STRAIGHT; EVANS, 2014). Strength
training and nutrition seem to be the main strategy
to control changes in body composition caused by
aging (BUCH et al., 2016). However, STST has not
demonstrated statistically significant results (Z: 1.5,
p= 0.13, SMD: 0.28, 95%CI: -0.08; 0.60) for MM
gain in people with 65 year old or older (CORREA
et al., 2012; DELSHAD et al., 2013; KOBAYASHI
et al., 2016; FRANK et al.,, 2016; PINTO et al.,
2014). This result is in agreement with a meta-
analysis by Peterson et al. (2011), which analyzed
the strength training effects on MM of people older
than 50 years of both sexes. The meantime to
produce a gain of 1.1 kg of MM in people over 50
was 20.5 weeks of training (PETERSON et al.,
2011).

In the same line, STST was also unable to
promote a significant reduction of FM in people
with 65 years or older (Z: 0.62; p= 0.54; SMD: -
0.18; 95%CI: -0.75; 0.39). Of all the studies
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analyzed, the only one who observed a FM
reduction after performing a STST was the one by
Zhao et al. (2017), in 17 older male subjects who
underwent 12 weeks of traditional strength training
twice a week. Perhaps, as with MM, training time is
not sufficient to produce significant adaptations in
the adipocytes of older people. Thus, it seems that
STST programs are not an effective strategy when it
is intended to increase MM and reduce FM, and
longer training programs should be used.

This systematic review presents some
limitations, such as the methodological differences
between the studies analyzed, both in the training
program design and in the evaluation methods for
variables of interest, which may have influenced the
results. Finally, due to the eligibility criteria used to
determine inclusion in this study, it is important to
generalize our results with caution. For example, the
participants in the studies analyzed were healthy
older people, and extrapolation of STST effect on
the different muscle strength manifestations in the
lower limbs, functional capacity and body
composition to other populations of older people,
including those with mobility limitations or an
associated disease, should be done with caution.

This meta-analysis provides a quantitative
estimate of STST effects on different muscle
strength manifestations in the lower limbs,
functional capacity and body composition of people
65 years old or older. Available evidence indicates
that STST has a moderate to large effect on MDVC,
MIVC, muscle power and functional capacity as
measured by the TUG and CST tests, when
compared to the control group. However, this
intervention seems to have no effect on MM and
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FM. Given that aging causes functional autonomy
deterioration, the implementation of STST
interventions through public health initiatives can be
a quick and efficient strategy to reduce the risk of
functional impairment and physical disability
among older people in the community.

Future perspectives

The systematic review and the results found
will be able to serve as a useful tool in training
prescription and in the design of conditioning
programs aimed at quick gains of muscle strength
and functional capacity.

The use of short-term interventions will be
able to increase strength levels in older people and
may contribute to improved functional autonomy
and physical conditioning to support higher loads in
long-term training programs.

In some surgical interventions on people of
all ages, especially older people, it is recommended
that the patient gain muscle strength before the
intervention, with the aim of improving the
intervention success chances and minimizing its
side-effects. Thus, STST could also be an auxiliary
strategy for the rapid gain of muscle strength, prior
to a surgical intervention.
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RESUMO: Examinar os efeitos do treinamento de for¢a de curta duracdo (TFCD) em diferentes

manifestagdes de forga muscular nos membros inferiores, capacidade funcional ¢ composi¢do corporal de
pessoas maiores de 65 anos. Foram pesquisadas bases de dados eletronicas (PubMed, Web of Science e
Cochrane) para identificar todas as publicagdes utilizando TFCD (até 12 semanas) em pessoas maiores de 65
anos, publicadas nos ultimos cinco anos, antes de maio de 2018. Os resultados foram analisados como dados
continuos usando efeitos aleatorios para calcular a diferenca padronizada da média (SMD) e o intervalo de
confianga de 95% (IC95%). 28 estudos com 921 sujeitos preencheram os critérios de inclusdo e foram
analisados. Esses trabalhos foram agrupados em trés categorias para andlise: Forca Muscular, Capacidade
Funcional e Composi¢do Corporal. Na categoria For¢ca Muscular, a estimativa geral do efeito combinado foi de
0,95 (95% CI: 0,63; 1,26), com um efeito significativo do TFCD (Z = 5,93; p <0,001), sobre as diferentes
manifestagdes de forca analisadas. Na categoria Capacidade Funcional, o TFCD diminuiu o tempo de execugao
do teste Timed Up-and-Go (SMD: -1.01; 95% CI: -1.56; -0.47) e aumentou o numero de repeti¢cdes realizadas
no teste de levantar ¢ sentar na cadeira de 30 segundos (SMD: 1,07, IC 95%: 0,79, 1,34). Na categoria de
Composicao Corporal, a estimativa geral do efeito combinado foi de 0,13 (IC 95%: -0,16; 0,42), sem encontrar
efeito significativo do TFCD (Z = 0,87; p = 0,38). O TFCD apresenta efeito moderado a grande na melhora das
diferentes manifestagoes de forga muscular e capacidade funcional. No entanto, este tipo de intervengdo ndo
tem efeito sobre a composi¢ao corporal.
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PALAVRAS-CHAVE: Treinamento resistido. For¢ca muscular. For¢a muscular. Composi¢do corporal.
Idoso.
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