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Abstract

Strength training can improve myriad health parameters in elderly
cohorts. Although potentially more appropriate for the elderly,
low-load resistance training protocols have been less investi-
gated. We aimed to examine the effects of 12 weeks of chair-
based, low-load resistance training with elastic band (EBT) on
functional fitness and metabolic biomarkers in older women. One
hundred sixty-eight women were allocated randomly to an elastic
band resistance training (EBT, n = 86, 75.7 + 8.9 years, 71.3
12.2 kg) or a control group (CON, n = 82, 74.5 + 8.2years, 70.6 +
12.0 kg). RT protocol consisted of periodized chair-based, low-
load whole-body resistance exercises (2 sets, 12-15 repetitions,
40-60% of one repetition maximum-1RM) using an elastic band,
twice weekly for 12 weeks. The resistance training program was
generally designed to maintain internal load over time, provided
with increasing intensity using various elastic bands (Thera-
Band). Functional fitness (30-s Chair Stand,30-s Arm Curl, 2-min
Step Test, Chair Sit-and-Reach, Back Scratch, 8-Foot Up-and-
Go, Handgrip Strength) and metabolic markers (Fasting blood
glucose, triglycerides, total cholesterol, high (HDL) and low
(LDL) density lipoprotein) were measured before and after the
training period. To detect pre/post intervention changes and be-
tween group- differences 2x2 repeated measures ANOVA was
applied. Significant improvements over time for all fitness varia-
bles for EBT comparing to CON were obtained (F = 12.78, p <
0.05 for 30-s Chair Stand; F = 14.04, p < 0.05 for 30-s Arm Curl;
F =5.18, p < 0.05 for 2-min Step Test; F = 10.90, p < 0.05 for
Chair Sit-and-Reach; F = 16.57, p < 0.05 for Back Scratch; F =
11.79, p <0.05 for 8-foot Up-and-Go; and F =29.25, p <0.05 for
Handgrip Strength). In addition, significant improvements over
time for all but one (triglycerides) biomarkers for EBT comparing
to CON were obtained (F = 7.30, p < 0.05 for blood sugar levels;
F = 13.36, p < 0.05 for total cholesterol; F = 8.61, p < 0.05 for
HDL; and F = 11.53, p < 0.05 for LDL). Furthermore, the partic-
ipants’ adherence to training sessions of over 90% was reported.
In conclusion, 12 weeks of EBT is safe and beneficial for improv-
ing health-related fitness and metabolic biomarkers in older
women and seems to be viable model to ensure a high training
adherence rate.

Key words: Aging, lipoproteins, low-intensity strength training,
physical function.

Introduction

Aging is an irreversible process accompanied by muscle
volume and strength loss, and their preservation is
considered an essential prerequisite for health, functional

independence and wellbeing of elderly people (Manini and
Clark, 2012). Major biochemical changes with increasing
age are strongly related to cardiovascular disease, the lead-
ing health issue in elderly subjects (Zaslavsky and Gus,
2002). Between them, negative alterations in serum blood
glucose (GLU) and lipid fractions were proved to impact
cardiovascular disease risk substantially, especially in
women (Tan et al., 2010).

Resistance training has been proved to increase
strength and consequently counteract age-related dysfunc-
tions in functional capacity and biomarkers profile (Aa-
gaard et al., 2010). Linear relationship between strength
training load and an increase in muscle size and strength in
older women has been purported (Ribeiro et al., 2018).
However, resistance training modes applying high loads
(above 65% of 1 repetition maximum) both increase a risk
of injury or overuse during training (Liu and Latham, 2010)
and resulted in reduced physical function 48 hours after
training (Orssatto et al., 2018) in elderly, hindering its po-
tential use in this specific population. Previous studies in-
dicated that strength-naive women tend to respond simi-
larly to different training stimuli (Colado and Triplett,
2008), with low-load elastic band training regularly found
to provide superior adherence to usual resistance training
program with weight machines. In addition, elastic band
training likely provides more benefits compared to free-
weight training, such as hindered injury risk, enhanced
functional strength, and ability to change muscle emphasis
during exercises (Melchiorri and Rainoldi, 2011). Thus,
the effectiveness of alternative, low-load elastic band re-
sistance training methods warrant further investigation.

Resistance training with elastic bands has lately be-
come popular and proposed as a reasonable alternative to
traditional free weights or resistance machines strength
training (Colado and Triplett, 2008; Gene-Morales et al.,
2020; Flandez et al.,2017). Elastic band resistance training
has been growingly used since it is more versatile and ac-
cessible for various age-group individuals, allows
functional movement patterns and can easily be conducted
in different clinical conditions (Martins et al., 2015). Elas-
tic bands are portable, less expensive, allow one to exercise
in safe manner easily adjusting resistance (Colado et al.,
2020). The use of elastic bands provides a variable load
throughout a range of motion with the most resistance ex-
perienced at or near full muscular extension, thus better
mimicking length-tension relationship of most muscles in
the body (Wilson and Kritz, 2014). In addition, its use as a
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resistive modality has been reported to be similarly effec-
tive in muscle activation of prime-movers and superior in
muscle activation of synergists compared to weight ma-
chines, for both single-joint and multiple-joint exercise
(Jakobsen et al., 2012; 2014; Calatayud et al., 2015;
Bergquist et al., 2018). The use of elastic bands seems very
advantageous in elderly populations since even strength
training -naive persons can easily implement this effective
training method proved to induce significant beneficial
short-term effects (Martins et al., 2013). Resistance train-
ing with elastic bands has also shown high acceptance in
elderly (Fahlman et al., 2011). In addition, chair-based ex-
ercise was proved to be an accessible training method for
sedentary elderly subjects with beneficial effects on vari-
ous fitness and function parameters (Robinson et al., 2014).
Generally, it incorporates organized, load-increasing chair-
supported exercises that minimize balance problem, ac-
counting individual limitations and enabling participants to
work out without the usual safety-related constraints (Fur-
tado et al., 2016). While aerobic-oriented chair-based pro-
grams have been proved effective for cognition, balance
and cardiorespiratory fitness in elderly adults (DeSure et
al., 2013), effectiveness of chair-based resistance training
exercise programs has been studied less extensively.
Rieping et al. (2019) showed that 14-week chair-based re-
sistance training improved functional autonomy in elders
but with largely unaffected physical fitness (except 30s
chair stand test). Contrary to this finding, Liao et al. (2018)
reported significant increases in physical capacity of older
women following 12 weeks of chair based elastic re-
sistance routine.

Taking all the aforementioned into account, we
aimed to investigate the effects of chair-based, low load
resistance training with elastic bands (EBT) on functional
fitness and metabolic biomarkers in older women. It was
hypothesized that EBT would improve functional fitness
and metabolic biomarkers in older women.

Methods

Study design

This study was a single blind randomized controlled trial
conducted in a geriatric centers in Vojvodina, Serbia. A to-
tal of 6 institutions (Zrenjanin, Sombor, Subotica, B.Pal-
anka, Ruma, Novi Sad) were chosen based on their ac-
claimed interest in cooperating projects related to exercise
and health for elderly. An introductory lecture was orga-
nized in each center, with benefits of strength training for
health in general, study objectives and measurements pro-
cedures presented to potential study-participants. After the
lecture, female residents volunteered for the study and pro-
ceed to medical checking for suitability to practice re-
sistance training. The medical check-ups have been con-
ducted for two consecutive days for every institution.
Among 238 subjects expressing interest, 40 were excluded
because one of the following exclusion criteria: 1. Ortho-
paedic disorder, 2. Neurologic disorder, 3. Rheumatologic
disorder 4. Cardiovascular disorder and 5. Participation in
organized physical activity for past 2 years. Another 18
subjects lost their interest after detailed explanation about
study design. Altogether, 180 subjects signed the consent

form and were randomly allocated to an experimental EBT
group (n = 90) or an age-matched control group (n = 90).
In the week following medical checking, subjects under-
went testing, with familiarisation session at least 48 hours
before pre-test. Testing took place in the early mornings
(7.30 a.m.), and started with blood sampling, followed by
height and body mass measurements (Tanita model BF-
350), according to previously published protocols (Colado
and Triplett, 2008). Thereafter, 45 min rest was allowed
(breakfast, medications), followed by functional fitness
test battery for older adults (Rikli and Jones, 2013, chapter
4) with addition of handgrip strength test. Following 12-
week training period, subject underwent second testing.
Experimental group followed structured resistance training
program, while for control group, exclusively institution’s
activities including chess, dice, reading, crafts etc. were
considered. The women and institution supervisors were
all told to maintain their behavior and diet during study.
Same technicians, equipment and testing procedures were
arranged for each subject for all pre- and post-training
measurements. Testing procedures for all subjects were
done at a standardized room conditions (temperature
around 22 C° and humidity around 50%) during the same
week for both pre and post training measurements. The ex-
aminers (15 in total, 3 teams of 5) were blinded to group
allocation, appropriately trained and qualified. Overall,
168 women finished the study with results included in fur-
ther analyses. Data were collected between February 1,
2019 and Jun 1,2019. This study was approved by the Eth-
ics Committee of the University of Novi Sad (Ref. No. 44-
01-03/2018-6).

Instruments

Participants were strongly instructed to avoid exercise and
alcohol/caffein-containing drinks 24 hours and 3 days prior
to testing, respectively. The blood was collected and stored
in serum separator tubes by a physician after overnight
fasting, from the superficial veins of the upper limb. After
storage, serum separation was provided with blood sam-
ples centrifuged for 10 min at 3000 rpm. Serum levels of
glucose (GLU), total cholesterol (TC), high-density lipo-
protein (HDL-C), low-density lipoprotein (LDL-C) and tri-
glycerides (TG) were measured in an accredited laboratory
at the city clinic in Novi Sad. The biochemical analyses
were conducted using an automatic biochemistry analyzer
system (MINDRAY BS 800-Bio-Medical Electronics Co.;
Shenzhen, China) according to protocol. Friedewald equa-
tion was used for the estimation of Low-density lipoprotein
(LDL)-cholesterol level (Friedewald et al., 1972).

Senior Fitness Test battery (SFTB) with addition of
handgrip strength test was used. SFTB is a 6 item field-
based test battery designed and validated to assess func-
tional fitness attributes (strength, flexibility, dynamic bal-
ance and cardiorespiratory fitness) for seniors (Rikli and
Jones, 2013). The following tests were conducted: Hand-
grip Strength Test (kg-left+right), 30-s Chair Stand (repe-
titions), 30-s Arm Curl (repetitions), Chair Sit-and-Reach
(centimeters), Back Scratch (centimeters), 2.4m Up-and-
Go (seconds), and 2-minute Step Test (number of knee
rises in 2 min period), respectively. Handgrip Strength Test
was included as general biomarker of health (Bohannon,
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2019) and conducted as suggested by Fess (1992), while
Senior Fitness Test was carried out as suggested by authors
(Rikli and Jones, 2013- chapter 4). Participants performed
5- to 10-minute warm-up routine before commencing the
test. All SFTB procedures, apart from the 2-minute step
test, were executed twice, with the better result recorded.
For isometric handgrip test the highest sum (left+right) out
of 3 trials, separated by 1-minute recovery period was used
for statistical analysis. The reproducibility of SFTB and
handgrip strength test was assessed in a test-retest protocol
(pre-experimental study) in a sample of 25 randomly se-
lected participants from Novi Sad. We found intraclass cor-
relation coefficients between 0.84-0.93 for all items, indi-
cating very high reproducibility for selected functional fit-
ness measurements.

Training protocol

The experimental group received 12 weeks of elastic band
resistance training, organized in groups with up to 10 pa-
tients and monitored by 2 qualified instructors. Training
program consisted of 12 chair-based exercises for
knee/hip/shoulder/elbow/trunk extension and flexion, hip
abduction and adduction (Table 1).

Table 1. Resistance training exercises

Exercise Sets Reps Cadence Rest RPE-O
Chair EB knee extension 2 12-15 3s+3s 1min 4-5
Chair EB knee flexion 2 12-15 3st3s 1min 4-5
Chair EB bent row 2 12-15 3st3s 1min 4-5
Chair EB chest press 2 12-15 3st3s 1min 4-5
Chi!ll' EB unilateral hip 2 12415 3s43s  1min 45
flexion

Chair spfne twist extension 2 12-15 3s43s lmin  4-5
arm (oblique's)

Chair upright row 2 12-15 3st3s 1min 4-5
Chair EB trunk flexion 2 12-15 3st3s 1min 4-5
Chair EB Biceps arm curl 2 12-15 3s+3s 1min 4-5
Chair .EB overhead triceps 2 12-15 3s+3s  1min  4-5
extension

Chair EB hip abduction 2 12-15 3st3s Imin 4-5
Standing EB hip extension 2 12-15 3s+3s 1min 4-5

RPE-O=Rating ofperceivedexertion, OMNI-scale.

Light intensity resistance bands (Thera-Bands, The
Hygenic Corporation, Akron, OH, USA) with a relaxed
length of 1.5 m were used as exercise equipment in all ex-
ercises. Every participant was provided with EB which
they used exclusively. All exercises were performed with
continuously tensioned band during eccentric portion of
the movement and until the predetermined range of motion
reached for concentric phase, using appropriate grip width.
Training sessions consisted of approximately 10 min of
warm-up, followed by 40 min of EBT and 5-10 min of
cooling down. The warm-up consisted of exercise -move-
ment rehearsal, ensuring maximal range-of-motion of in-
volved muscle groups.

The cool-down included several stretching exer-
cises (one for each muscle group involved), with 2*20-30s
of static stretching. Structured program with standardized
volume (12-15 repetitions * 2 sets), intra-set rest periods (1
min), frequency (twice per week) and movement cadence
(3 s for both shortening and lengthening phase without rest
between phases and repetitions) was applied. Training

intensity ranged from 4 to 5 on OMNI Resistance for active
muscle scale, which has been previously validated for older
adults (Colado et al., 2018) and corresponds to 40% to 50%
of 1RM (Lagally and Robertson, 2006). The concept was
to keep internal load throughout the study constant with the
aim of quantifying low load training- effects on measured
outcomes. Consequently, as the participants increased the
level of strength during study, we changed the external load
of training sessions accordingly (Colado et al., 2014; 2018;
2020). During the course of the study, when ratings
dropped below 4 conducting predetermined number of rep-
etitions (12-15), we modified the exercise intensity either
by decreasing the elastic band grip-width or by changing
elastic band colour. The exercise sequencing was altered
on a weekly basis with the goal to preserve participants’
motivation. Instructor kept a record of training session at-
tendance.

Statistical analysis

Descriptive data are expressed as means + standard devia-
tion (SD). Since Kolmogorov Smirnov test showed all pa-
rameters follow normal distribution, parametric statistics
were applied. Possible baseline between-group differences
were calculated with two-sample Student’s t test. To detect
pre/post intervention changes and respective between
group- differences repeated measures ANOVA using 2
groups x 2 time design was applied. When an F-ratio was
significant, the Tukey post hoc test was employed to iden-
tify significant differences. Cohen’s d as the measure of the
effect size of the mean difference was calculated by sub-
tracting the means and dividing the result by the pooled
standard deviation. A Cohen’s d of 0.00-0.19, 0.20-0.49,
0.50 - 0.79 and > 0.80 was considered as trivial, small,
moderate, and large, respectively (Cohen, 1988). Percent-
age of change ([post value/pre value] - 1) was calculated
and presented for each variable. Significant differences for
all analyses were assumed a when 2-tailed p < 0.05. The
IBM SPSS Statistics version 22 (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0. Ar-
monk, NY: IBM Corp.) was used to analyze all data.

Results

The subjects had excellent adherence to the program, par-
ticipating in 22 + 1 of the scheduled 24 training sessions,
which is 92% of the total sessions. During study period, no
side effects were reported. Baseline difference between the
experimental and control group were nonsignificant for de-
mographic parameters (Table 2), while significant baseline
differences were established for Glucose, HDL and Back
Scratch (Tables 3 and 5) (p < 0.05).

There were significant changes for glucose, total
cholesterol, HDL and LDL pre vs post in experimental
group as well as blood glucose in control group (p < 0.05).
Significant  time*group interactions were obtained for
blood sugar levels (F = 7.30; p < 0.05), total cholesterol (F
=13.36; p < 0.05), HDL (F = 8.61; p <0.05) and LDL (F
=11.53; p <0.05) (Table 3).

The effect sizes were of trivial to small magnitude
for glucose (d: EBT. = 0.186; CON = 0.062), total
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Table 2. Physical characteristics of subjects. Values are means + SD.

Characteristics Experimental (n = 86) Control (n = 82) F (p) TOTAL

Age (years) 75.7+8.9 74.5+8.2 2.21(.139) 75.1+8.5
Height (m) 1.61 +0.06 1.59 +0.06 .167 (.648) 160.1 +6.4
Body mass (kg) 71.3+12.2 69.9+11.8 .16 (.899) 70.6 +12.0

There were no significant differences between groups. F(p)- F values with respective significance level.

Table 3. Biochemical variables in experimental and control group. Values are means + SD.

Experimental (n = 86)

Control (n = 82)

[Variables Pre Post Percent change Pre Post Percent change
Glucose (mmol/L) 596+1.76  5.64+1.68%F -5 630+2.24 644 +2.28* 2
Total cholesterol (mmol/L) 6.01 +1.29  5.56 + 1.22* -7 6.09 +1.42 6.07 +£1.27 1
HDL (mmol/L) 1.31+£0.34  1.37+0.38*f 4 1.50 £ 0.37 1.47+0.40 -2
LDL (mmol/L) 390+1.22  3.52+1.04*f -10 3.84+122 384+1.15 0
Triglycerides (mmol/L) 1.66 +0.74 1.65 + 0.66 -1 1.68 £ 0.62 1.71 £ 0.65 1

Significant baseline differences between groups for Glucose and HDL were established (p < 0.05). HDL — high-density lipoprotein; LDL — low-density
lipoprotein. * Indicates significant difference pre- versus post at p < 0.05; 1 significant difference experimental vs. control at p < 0.05.

Table 4. Effects sizes, relative effect size and relative effect size-magnitude for all variables.

Variables Effect size - EBT Effect size -CON Relative effect size Magnitude
Glucose (mmol/L) 0.186 0.062 0.248 Small
Total cholesterol (mmol/L) 0.358 -0.015 0.373 Small
HDL (mmol/L) 0.166 -0.078 0.244 Small
LDL (mmol/L) 0.335 0.000 0.335 Small
Triglycerides (mmol/L) 0.014 0.047 0.061 Trivial
30-s Chair Stand (reps) 0.323 0.154 0.169 Trivial
30-s Arm Curl (reps) 0.378 0.146 0.232 Small
2-min Step Test 0.258 0.089 0.169 Trivial
Chair Sit-and-Reach (cm) 0.315 0.044 0.271 Small
Back Scratch (cm) -0.291 -0.014 0.277 Small
8-Foot Up-and-Go (s) -0.227 0.032 0.259 Small
Handgrip Strength (kg) 0.288 0.022 0.266 Small

Table 5. Results of physical fitness in experimental and control group. Values are means + SD.

Variables Experimental (n = 86) Control (n = 82)
Pre Post Percent change Pre Post Percent change

30-s Chair Stand (reps) 122+6.3 14.2 + 6.1*F 16 11.7+£5.2 12.5+£5.2% 7

30-s Arm Curl (reps) 17.3+£7.1 20.0 £ 7.2*% 39 152+5.0 16.0 £ 5.9* 5

2-min Step Test 79.1 £33.6 87.8 £33.8*F 11 81.2+30.0 83.9 +30.4* 3

Chair Sit-and-Reach (cm) 0.51+94 32+7.6 *7 540 0.7£9.1 1.1+9.1 57

Back Scratch (cm) 11.6 +£12.8 8.1+ 11.2%F 30 3.0+ 142 2.8+13.8 6
8-Foot Up-and-Go (s) 9.58+£6.09  8.34+5.47*%t 9 9.03+5.5 94+5.1 4
Handgrip Strength (kg) 326152  37.1+£16.0 *} 14 38.1+17.7 38.5+17.9 1

Significant baseline differences between groups for Back Scratch was established (p < 0.05) * Indicates significant difference pre- versus post at p <

0.05; 1 significant difference experimental vs. control at p < 0.05.

cholesterol (d: EBT = 0.358; CON = -0.015), HDL (d:
EBT.=0.166; CON =-0.078), LDL (d: EBT =0.335; CON
= 0) and triglycerides (d: EBT. = 0.014; CON = 0.047). In
addition, relative effect sizes were also trivial to small mag-
nitude for glucose (d = 0.248), total cholesterol (d = 0.373),
HDL (d = 0.244), LDL (d = 0.355) and triglycerides (d =
0.061) (Table 4).

Both groups showed significant change pre vs post
in 30-s Chair Stand, 30-s Arm Curl and 2 min Step Test
while Chair Sit and Reach, Back Scratch, 8-foot Up and Go
and Handgrip Strength Test showed significant change pre
vs post in experimental group only. In addition,
time*group interactions were obtained for 30-s Chair Stand
(F=12.78;p<0.05), 30-s Arm Curl (F=14.04; p<0.05),
2-min Step Test (F=5.18; p <0.05), Chair Sit-and-Reach
(F =10.90; p < 0.05) Back Scratch (F = 16.57; p < 0.05),
8-foot Up-and-Go (F = 11.79; p < 0.05) and Handgrip
Strength (F = 29.25; p < 0.05) (Table 5).

The effect sizes were of trivial to small magnitude
for 30-s Chair Stand (d: EBT. = 0.323; CON = 0.154), 30-

s Arm Curl (d: EBT. = 0.378; CON = 0.146), 2-min Step
Test (d: EBT. = 0.258; CON = 0.089), Chair Sit-and-Reach
(d: EBT = 0.315; CON = 0.044) Back Scratch (d: EBT =
0.291; CON = 0.014), 8-foot Up-and-Go (d: EBT = 0.227;
CON = 0.032) and Handgrip Strength (d: EBT = -0.288;
CON = 0.022) (Table 3). In addition, relative effect sizes
were also trivial-to-small magnitude for 30-s Chair Stand
(d=0.169), 30-s Arm Curl (d = 0.232), 2-min Step Test (d
=0.169), Chair Sit-and-Reach (d =0.271), Back Scratch (d
= 0.277), 8-foot Up-and-Go (d = 0.259) and Handgrip
Strength (d = 0.266) (Table 4).

Discussion

The objective of this study was to investigate the effects of
chair-based, low load resistance training with elastic bands
(EBT) on functional fitness and metabolic biomarkers in
older women. Our findings show that EBT can lead to a
significant increase in physical fitness (small effect sizes)
as well as metabolic biomarkers improvements (trivial to
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small effect sizes) including blood sugar, total cholesterol,
HDL and LDL in older women. In addition, we observed
high adherence rate (92%) which is frequently stated as an
important issue considering resistance training interven-
tions in elderly population (Picorelli et al., 2014). Thus,
EBT can be regarded as a worthy health-improvements
training method in older women. It is widely accepted that
strength training in elderly women can substantially im-
prove various health-related biomarkers, physical fitness
and overall health (Liu and Latham, 2009; Gargallo et al.,
2018; Fritz et al., 2018). In addition, it has previously been
observed that chair-based resistance training using elastic
band leads to increased functional autonomy and steroid
hormone responses, while simultaneously decreases phys-
ical frailty and functional disabilities in older women (Fur-
tado et al., 2020; Rieping et al., 2019). No studies to date,
however, have discussed the physical fitness and metabolic
biomarkers responses following EBT, clearly justifying ra-
tionale of this study.

Training protocol effects on metabolic biomarkers

Regular aerobic training has been promoted for decades as
a potent tool for lipid-profile improvements (Mann et al.,
2014). However, resistance training has also been proved
potent to alter level of lipoproteins (Ibafiez et al., 2010),
with a number of studies in recent years investigating re-
sistance training effect on metabolic biomarkers in aged
women. Concei¢ao et al. (2013) reported that trice-a-week
progressive resistance training conducted for 16 weeks and
with 10 exercises done with 3 sets of 8-10 repetitions, sig-
nificantly improves fasting blood glucose and metabolic
syndrome Z-score (score including five variables: triglyc-
erides, HDL, blood glucose, waist circumference and mean
arterial pressure) in postmenopausal women. Further, no
significant changes for HDL and triglycerides were re-
ported, with authors speculated that initial normal range
levels of lipoproteins in study subjects are likely responsi-
ble for these results. Similarly, total cholesterol and low-
density lipoprotein showed a decline while very-low-den-
sity lipoprotein, high-density lipoprotein, and triglycerides
showed a nonsignificant (P > 0.05) increase following a
year of elastic band resistance training in 65+ women
(Gomez-Tomas et al., 2018). Exercises were conducted
trice per week (Monday-Wednesday-Friday), in 3 sets with
10 repetitions and intensity progression from 3-7. The out-
comes of the Fahlman et al. (2002) study demonstrate that
high-loads strength training performed trice per week for
10 weeks produce an increase in HDL cholesterol (47.1 +
3.3 mg/dl vs 57.4 = 2.0mg/dl) and a decrease in triglycer-
ides (113.5 + 12.9 mg/dl vs 84.6 + 12.9 mg/dl) and LDL
levels (107.3 £ 11.2mg/dl vs 89.0 £ 11.2mg/dl) in elderly
women cohort (73 + 3 years, n = 15). Recently, Thalainen
et al. (2019) reported that long-term high-intensity (70-
90% of 1RM) resistance training, conducted once, twice or
thrice a week resulted in significant HDL-cholesterol in-
crease in elderly women and men. Furthermore, low den-
sity lipoprotein (LDL) declined (A = -0.38 + 0.44 mmol/L"
!, P =0.003) in the group that had 3 resistance training ses-
sions a week. Noteworthy, study showed that poor baseline
level of metabolic syndrome is a determinant of significant

training - induced improvements, regardless of the fre-
quency. The influence of 8 weeks of traditional (TD) and
pyramidal (PR) resistance training on muscle volume/mus-
cle strength ratio and metabolic biomarkers was examined
on 25 elderly women by Ribeiro et al. (2016). TD com-
prised of 3 constant-weight sets with 8—12 repetitions max-
imum (RM), while RT comprised of 3 sets of incremental
weight with 12/10/8 RM, respectively. Each program was
conducted 3 times per week. Both groups significantly im-
proved (P < 0.05) glucose (TD = —4.5% vs. PR = —1.9%),
triglycerides (TD = —18.0% vs. PR = —11.7%), high den-
sity lipoprotein (TD =+10.6 vs. PR =+7.8%), and low den-
sity lipoprotein (TD = —23.3% vs. PR = —21.0%), without
significant group differences reported. Collectively, these
data indicate that regular resistance training can signifi-
cantly improve metabolic biomarkers in elderly women,
which is in accordance with our study results. However,
larger magnitude of change in most mentioned studies than
we reported should be noted, with strength training pro-
gram design and/or subjects characteristics likely responsi-
ble. Metabolic changes induced by resistance training are
considered to be dependent on exercise program design,
with load (volume and intensity) being regularly under-
lined (Garber et al., 2011). Except Ihalainen et al. (2019),
all aforementioned studies used resistance training with
medium or high intensity resistance training and with 3
times per week frequency. Indeed, Nunes et al. (2016) in-
dicate superiority of high vs low-volume strength training
(six sets/exercise vs three sets/exercise) in reducing the to-
tal cholesterol and LDL levels in postmenopausal women.
In addition, it was reported that low intensity strength train-
ing (80% of 10 repetition maximum (10 RM)) failed to sig-
nificantly modify blood lipid profile in apparently healthy,
inactive postmenopausal women (Elliott et al., 2002). Fi-
nally, subjects characteristics may also influence the lipid-
profile training-effects, as resistance training showed
greater muscular adaptations in novice lifters, as in our
study, when compared with an experienced one (Ribeiro et
al., 2015). Aforementioned may explain why we found that
low load resistance training significantly improved blood
lipids and glucose level in elderly women. For all we know,
our study is the first one showing that conducting 2 times
per week chair based, low load (intensity- around 50% of
1RM) elastic band resistance training, has the potential to
significantly improve metabolic biomarkers in older
women. We consider this an important finding and sub-
stantial addition to the existing understanding of resistance
training effects on health for this specific population.

The fact worth noting, beyond the scope of this pa-
per is that mechanisms of the resistance training effect on
metabolic biomarkers remains unclear. It can be speculated
that lipid-lowering capacity of resistance training could lie
in the increased ability of the skeletal muscle to utilize li-
pids vs. glycogen, consequently altering lipoprotein levels
(Mann et al., 2014). Resistance training may have positive
effect on lipoprotein fractions in older women via an in-
crease in lipoprotein lipase which likely mediate LDL-C
plasma removal and lipid oxidation (Mann et al., 2014). Fi-
nally, muscle-strengthening exercise was shown to in-
crease density of glucose transporter GLUT-4 but also
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quantity and kinetic properties of glycogen synthase (Phil-
lips and Winett, 2010), consequently reducing blood glu-
cose level.

Training protocol effects on functional fitness
Resistance training is the most widely recognized strategy
to increase muscle strength and improve functional fitness
in elderly cohorts (Csapo and Alegre, 2016; Brady and
Straight, 2014). However, studies exploring the effect of
EBT are scarce, with a heterogenous study design (exercise
load and study duration), and consequently insufficient to
draw firm conclusions. Our study results revealed a signif-
icant effect of EBT on upper body strength, lower body
strength and general strength (handgrip strength), flexibil-
ity, agility and aerobic endurance in elderly women. Our
study may be the first to show significant magnitude (small
effect size) of elastic band resistance training effects on all
functional fitness parameters included in SFBT in this spe-
cific population. Of these functional fitness attributes, flex-
ibility is likely to be the least respected considering its
health-related potential for elderly cohorts, though associ-
ated with disability and distress in elderly people (Shultz,
1992). Consequently, flexibility has been sparsely selected
as measured outcome in studies exploring resistance train-
ing effects on functional fitness parameters (Barbosa et al.,
2002; Fatouros et al., 2006; Carneiro et al., 2015), with all
studies being unison regarding strength training -induced
improvements in flexibility in elderly subjects. In addition,
previous study suggested that resistance training effects on
flexibility was both intensity-dependent (80% of 1RM su-
perior to 60% of 1RM which is superior to 40% of 1RM)
and frequency- dependent (3 times per week induces
greater increases- 13,8% than 2 times per week-3%), with
intensity above 60% of 1RM as a likely threshold for flex-
ibility improvements. Contrary to this, we showed that low
intensity resistance training (between 40-50% of 1RM)
with low frequency (2 times per week) was potent enough
to produce significant improvements in flexibility, with
chair sit and reach improved by 540% and back scratch by
30% (Cohen’s d =0.315 and -0.291, respectively). These
are larger increases than presented earlier (Fatouros et al.,
2006; Carneiro et al., 2015), although it must be noted that
different flexibility tests were used than in our study. The
exact mechanisms for resistance training induced effects
on flexibility are yet to be elucidated, but we can speculate
that the decrease in musculotendinous and musculoarticu-
lar stiffness (Ochala et al., 2007) could at least be partially
responsible. Clearly, mechanism studies about the topic are
needed.

Systematic review by Martins et al. (2013) stated
that duration of the studies using elastic band resistance
vary from short-term 6 to long-term 24 weeks (average
around 14), conducted 1 to 5 times per week (average =
3.2), 1-3 sets for 2-11 exercises done with 10-12 repeti-
tions. In addition, the training intensity was variable and
indirectly controlled choosing a predetermined number of
repetitions related to a certain rating of subjects perceived
exertion. Overall, they found elastic band resistance train-
ing as an effective method for improving muscle strength
in elderly. In agreement with this, Liao etal. (2018)

recently announced significant muscle mass, muscle qual-
ity and functional fitness improvements following 12
weeks elastic band resistance exercise with moderate load
(volume-3 times/week with 3* 10 repetition ; intensity- 13
on the 0-20 RPE scale) in older women with sarcopenia.
Functional fitness was assessed with 10ft up and go and 30-
s chair stand tests and reported results indicate comparable
increases to our study results (18% and 12%, respectively).
Similarly, Oesen et al. (2015) showed that moderate load
elastic band resistance training, conducted twice per week
during a three months period, was able to enhance func-
tional fitness, assessed by chair stand (11 +4 vs 14 + 4 for
pre vs post) and arm lifting test (24 = 10 vs 28 + 10 for pre
vs post) but not handgrip strength, suggesting that func-
tional fitness can be improved without concomitant in-
crease in strength parameters in elderly (Raymond et al.,
2013). Interestingly, this model of resistance training was
not able to improve aerobic endurance (6 min walking test),
which is contrary to our and several other study findings
(Ades et al., 1996; Wieser and Haber, 2007). A significant
association (r = -0.632, p<0.001) between the initial aero-
bic endurance and resistance training-induced change in
aerobic endurance in both young and elderly subjects has
been reported, suggesting that subject’s initial aerobic en-
durance level is related to resistance training-induced in-
creases in aerobic endurance (Ozaki et al., 2013). Although
not reported, we can speculate that participants in Oesen et
al. (2015) study in comparison to ours were aerobically fit,
or at least with average aerobic endurance for elderly sub-
jects (around 30 ml/kg/min) and consequently non-re-
sponders to resistance training-induced adaptation to aero-
bic endurance. The resistance training impact on cardi-
orespiratory fitness in elderly subjects was hypothesized to
be attributable to increases in the capillary to fiber ratio and
mitochondrial content and function (Ozaki et al., 2013). In
addition, low load resistance training was found to produce
robust increase in mitochondrial protein synthesis rate in
resistance training experienced by elderly subjects (Burd et
al., 2012). Recently, Bérdstu et al. (2020) reported signifi-
cant improvements in stair climb (18%, p =0.03) and max-
imal gait speed (8%, p = 0.01), but no improvements in 30-
s chair stand, 8 foot up and go test and handgrip strength
after 4 months of low volume (twice a week) and moderate
intensity strength training including elastic bands in elderly
subjects (80-90 years, 60% women). The lack of significant
functional fitness changes with resistance training in com-
parison to our study could be due to lower exercise number
(5 vs 10-12, respectively) and substantially lower attend-
ance rate (51%), which seems insufficient training stimulus
for adaptation to occur (Borde et al., 2015). Finally,
Rieping et al. (2019) recently revealed that 14 week of EBT
including 8-10 multiple joint exercises, executed with 2-3
sets and 15-20 repetitions significantly improves just 30-s
chair stand test (6.67 = 2.55 reps vs 8.47 + 3.44 reps for
pre vs post) out of four tests from SFTB (Rikli and Jones,
2013). It should be noted however, that all functional fit-
ness parameters show improvement tendency, some with
magnitude greater than in our study (8-Foot up-and-go test
improved 25%), but did not reach statistical significance
largely because of various methodological issues (big
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variability of data and small sample size in particular). Col-
lectively, evidences from our and other studies indicate
elastic band training to be effective method for improving
functional fitness in elderly women but also that there are
magnitude effects- differences between studies. Intensity-
related differences between studies could be at least par-
tially responsible for heterogeneous results, as exercise in-
tensity was not quantitatively described (ex: %1RM). In
addition, differences in training volume and duration, and
differences in the population profile (health and training
history status) likely contribute to equivocal study results.

A few study limitations are noteworthy. First, the
control group improved several functional fitness parame-
ters which are likely to be attributed to the habitual physical
activity- increment during intervention, though all were ad-
vised to preserve their daily habits (Walker et al., 2017).
The need to objectively quantify the subject habitual phys-
ical activity level is therefore underlined. Second, only fe-
male patients were included, precluding generalizability of
obtained data to elderly population. Thirdly, dietary intake
was not controlled during the study period. Notwithstand-
ing these limitations, the effectiveness of EBT on func-
tional fitness and metabolic biomarkers in elderly women
is clearly supported with present study findings.

Conclusion

The present resistance training protocol produced signifi-
cant benefits on functional fitness and metabolic bi-
omarkers in elderly women with very high adherence rate.
In addition, EBT might be advised as an efficient strategy
for the prevention and attenuation of age-associated meta-
bolic markers and functional fitness alterations.
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Key points

e EBT lead to a significant improvement in glucose,
total cholesterol, HDL and LDL in older women.

e EBT lead to a significant increase in cardiorespira-
tory fitness, handgrip strength, lower- body strength
and flexibility, upper-body strength and flexibility
and agility in older women.

e EBT seems to be viable model to ensure high train-
ing adherence rate.
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