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ABSTRACT

Orange, ST, Marshall, P, Madden, LA, and Vince, RV. Short-

term training and detraining effects of supervised vs. unsuper-

vised resistance exercise in aging adults. J Strength Cond Res

33(10): 2733–2742, 2019—This study compared the effects

of a 4-week supervised (SUP) resistance training program and

unsupervised (UNSUP) resistance training program followed

by 12 weeks of detraining (DET). Thirty-six healthy aging adults

(age: 53.6 6 3.6 years; body mass index: 28.3 6 5.1 kg$m22)

were randomly allocated to an SUP group (n = 17) or a UNSUP

group (n = 19). Participants completed 3 training sessions per

week using resistance bands and body weight movements.

Measures of physical performance were administered at base-

line, at the end of the training program, and after the

DET period. Function was assessed with the 6-minute

walk test (6MWT), timed up-and-go (TUG), 30-second chair

sit-to-stand (STS), stair-climb test (SCT), 40-m fast-paced walk

test (FPWT) and sit-and-reach test (SRT), whereas the isomet-

ric midthigh pull (IMTP) and hand grip test were used to mea-

sure muscle strength. After training, improvements in

performance were found in the 6MWT, TUG, 30-second chair

STS, SCT, FPWT, SRT, and IMTP (p # 0.05), with no signif-

icant differences between groups (p . 0.05). In addition, most

of the training-induced improvements remained significantly

above baseline values after the DET period (p # 0.05). No

significant between-group differences were observed after

training or DET (p . 0.05). Four weeks of either SUP or

UNSUP resistance training is sufficient to substantially improve

muscle strength and function in aging adults, and these gains

are largely preserved after prescribed exercise cessation.

Home-based resistance training seems to be a practical and

effective alternative to traditional SUP programs that may help

circumvent many barriers to physical activity in aging adults.

KEY WORDS resistance training, functional capacity, home-

based exercise, body weight exercise, resistance band exercise

INTRODUCTION

R
egular exercise opposes the debilitating effects of
aging by mitigating declines in muscle strength
and function (42). In particular, progressive resis-
tance training has consistently been shown to

improve functional abilities in adults aged 50 years or older
(18,21,38). However, the research area is currently domi-
nated by gym-based interventions requiring specialized
equipment and personnel, with little consideration for
long-term sustainability (11). A lack of access to transporta-
tion and traditional resistance facilities limits the widespread
application of resistance training to this discrete population.
In fact, older individuals are more likely to engage in exercise
interventions that are easily accessible, do not require trans-
port, and involve no out-of-pocket costs (23).

Home-based exercise is a convenient alternative to
supervised (SUP) programs and may promote greater
long-term participation than exercising at a designated
setting (3). Despite the clear economic and practical benefits
of home-based exercise, a recent systematic review (37) has
suggested that SUP resistance training improves measures of
muscle strength to a greater extent than unsupervised
(UNSUP) programs. It is pertinent to note, however, that
the limited work systematically comparing these 2 interven-
tion strategies have used SUP group exercise sessions,
whereas the UNSUP home exercise has been performed
individually. Given that social interaction is a robust and
well-established exercise motive for older adults (20), it is
conceivable that these comparisons were confounded by
the social element of group training. Delivering both inter-
ventions on an individual basis would better identify the
impact that supervision alone has on exercise-derived
functional benefits in aging adults. It is also important that
UNSUP resistance training programs still pay attention to
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the fundamental principles of exercise physiology to strike
a balance between efficacious and sustainable training.

Perhaps, the hallmark of an effective resistance training
program, the principle of specificity asserts that the training
stimulus must be specific to the desired adaptation (41). That
is, the exercise must replicate the biomechanical movement
patterns and underpinning bioenergetics involved in the per-
formance of the primary outcome measurement (27). To
improve function, training movements should promote the
transfer of force through lower-body triple extension to sim-
ulate activities of everyday life, such as rising from a chair and
climbing the stairs. It is therefore surprising that most of the
training studies in older persons have primarily involved sin-
gle-joint movements and the use of resistance machines
(18,21,25). Training with elastic bands enables the execution
of functional movement patterns through a full range of
motion (ROM). Moreover, multiarticular exercises can easily
be performed in multiple planes of motion because the direc-
tion of the resistance depends on the positioning of the elastic
device rather than gravity (32). Importantly, elastic bands and
free weights have been shown to exert similar benefits on
measures of functional capacity in older adults (17).

The extent to which training-induced adaptations can be
maintained after the cessation of prescribed exercise is
a necessary consideration for any training program. Studies
have shown periods of detraining (DET) to retain (31,36,48)
or completely reverse (18) measures of musculoskeletal
strength and function after systematized resistance training.
It is currently unknown whether supervision mediates the

effect that DET has on physical performance in aging indi-
viduals. Therefore, the aims of this study were threefold: (a)
to examine the effectiveness of a short-term functional resis-
tance training program on measures of muscle strength and
function in adults aged 50–65 years, (b) to compare the
efficacy of resistance training performed in an SUP vs.
UNSUP setting, and (c) to determine whether changes in
muscle strength and function are maintained after a DET
period of 12 weeks. Based on the current literature, we
hypothesized that (a) resistance training would result in sig-
nificant improvements in all outcome measurements, (b) the
SUP group would improve strength and functional perfor-
mance to a greater extent than the UNSUP group, and (c)
training-induced improvements would remain above base-
line levels after the DET period in both training groups.

METHODS

Experimental Approach to the Problem

This study was a 2-arm experimental trial whereby participants
were randomly allocated to an SUP or UNSUP group. Both
groups completed 4 weeks of functional resistance training with
all variables controlled between conditions apart from the level
of supervision. Outcomes measurements of functional and
physical performance were administered at baseline (before
group allocation), at the end of the 4-week intervention, and
after a DET period of 12 weeks. All participants agreed to
maintain their current diet and activity levels during the
intervention period. There were no particular instructions or
guidance given during the 12-week DET phase.

Subjects

All participants were required to
be aged 50–65 years, have a body
mass index of less than 35
kg$m22, have not engaged in
more than 30 minutes of
moderate-vigorous intensity
exercise on 3 or more days of
the week for the past 3 months,
and have no resistance training
experience in the past 12
months. In total, 36 participants
completed the resistance training
intervention, with 17 in the SUP
group and 19 in the UNSUP
group (see Figure, Supplemental
Digital Content 1, http://links.
lww.com/JSCR/A79). Partici-
pants were informed of the
experimental procedures to be
undertaken before signing
an institutionally approved
informed consent document
to participate in the study.
Baseline characteristics of study

TABLE 1. Baseline characteristics of study participants.*†

Total (n = 36) SUP (n = 17) UNSUP (n = 19) p

Age (y) 53.6 6 3.6 52.9 6 3.8 54.2 6 3.3 0.295
Males/females 11/25 4/13 7/12 0.510
Body mass (kg) 78.0 6 16.5 76.1 6 17.4 79.7 6 15.9 0.526
Height (cm) 165.9 6 9.5 164.1 6 9.5 167.5 6 9.4 0.283
BMI (kg$m22) 28.3 6 5.1 28.1 6 4.9 28.4 6 5.5 0.832
Blood pressure
Systolic (mm Hg) 132.3 6 11.4 131.4 6 12.6 133.1 6 10.6 0.653
Diastolic (mm Hg) 84.7 6 8.5 83.8 6 9.6 85.5 6 7.6 0.557

Resting HR (b$min–1) 72.7 6 7.3 72.4 6 8.3 73.0 6 6.5 0.813
6MWT (m) 614.79 6 53.33 614.23 6 59.79 615.28 6 48.50 0.954
TUG (s) 6.39 6 0.65 6.33 6 0.62 6.44 6 0.68 0.592
30-s chair STS (reps) 12.8 6 2.2 13.1 6 2.2 12.6 6 2.2 0.517
SCT (s) 5.86 6 0.78 5.80 6 0.83 5.91 6 0.76 0.676
FPWT (s) 20.46 6 1.76 20.51 6 2.06 20.41 6 1.50 0.871
Hand grip (kg) 34.8 6 10.0 33.0 6 8.3 36.5 6 11.3 0.302
IMTP (kg) 79.4 6 39.6 78.4 6 35.7 80.4 6 43.7 0.881
SRT (cm) 15.8 6 9.7 17.4 6 9.6 14.3 6 9.7 0.332

*SUP = supervised; UNSUP = unsupervised; BMI = body mass index; HR = heart rate;
6MWT = 6-minute walk test; TUG = timed up-and-go; STS = sit-to-stand; SCT = stair-climb
test; FPWT = fast-paced walk test; IMTP = isometric midthigh pull; SRT = sit-and-reach test.

†Data are presented as mean 6 SD.
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participants are presented in Table 1. The study was approved
by the Sport, Health and Exercise Science Ethics Committee at
the University of Hull.

Procedures

Resistance Training Program. The resistance training program
was designed and delivered by a Certified Strength and
Conditioning Specialist (CSCS) and was based on guidelines
by the National Strength and Conditioning Association
(NSCA) (27). Participants in both groups completed 3 ses-
sions per week on nonconsecutive days for the 4-week inter-
vention period. One set of 8 repetitions was performed in
week 1, 2 sets of 8 repetitions in week 2, 2 sets of 10 repe-
titions in week 3, and 3 sets of 10 repetitions in week 4. The
intensity of exercise was performed at 4–6 on the modified
10-point rating of perceived exertion (RPE) scale (13) asso-
ciated with the target number of repetitions. This corre-
sponded with qualitative descriptions of “somewhat hard”
to “hard.” After a dynamic warm-up that included targeted
mobility exercises designed to increase the ROM in the
ankle, hip, and thoracic spine, participants performed 11
resistance exercises using body weight and resistance bands
(Iron Woody Fitness, Olney, MT, USA). Each exercise was
based on a primary resistance training movement pattern as
described in Table 2. Three color-coded bands were used
offering 3 incremental levels of resistance (yellow, purple
and red for light, medium, and heavy resistance, respec-
tively). Each session finished with a cool-down of static
stretching that included ankle, hip, gluteal, hamstring, and
pectoral stretches.

The exercises focused on multiarticular and multiplanar
movements to provide a functional training stimulus and
mimic activities of daily living. Exercises were sequenced so

that upper- and lower-body movements were alternated,
which has been suggested to be beneficial for untrained
individuals who may find that completing several lower- or
upper-body exercises in succession is too strenuous (27).
Progression (and regression) of the training load and volume
was based on the participant’s RPE rating. If RPE was below
4 or above 6, the exercise was progressed or regressed for the
next workout, respectively. The resistance band exercises
were progressed by changing from the current band to the
next color in the scale (e.g., yellow to purple). If a participant
reached the level of resistance red, another band was added
while following the progression scale (e.g., red plus yellow).
Body weight exercises were progressed using exercises of
similar movement patterns with a higher degree of technical
difficulty (e.g., biped stance to split stance).

Unsupervised Training Program. Participants completed the
UNSUP training program individually in their home. After
completion of the baseline assessments, participants returned
to the laboratory to be familiarized with the exercises to be
used in the study and the use of the modified RPE scale. A
CSCS checked for correct form in all exercises and adjusted
technique if necessary. Participants then received an exercise
package that included 3 color-coded resistance bands, a heart
rate monitor (FT1; Polar Electro, Kempele, Finland), an
exercise DVD, a training log, an exercise progression/
regression sheet, and the modified RPE Scale. An instruc-
tional booklet was also included, written in layman language
with images and diagrams, clearly describing all components
of the program. The CSCS telephoned all participants once
per week to answer any questions and to document their
RPE rating for each exercise. If participants’ RPE for a given
exercise fell outside the predetermined level of intensity

(RPE of below 4 or above 6),
they were prompted to use
their exercise progression/
regression sheet to modify the
exercise accordingly.

Supervised Training Program.
The SUP group followed the
same exercise program as the
UNSUP group, apart from that
they completed the sessions in
our Biomechanics laboratory
and received one-to-one super-
vision by the same CSCS who
provided telephone support to
the UNSUP group. Partici-
pants received real-time
encouragement and feedback
on exercise technique with
form being adjusted by the
CSCS if necessary. Rating of
perceived exertion data were

TABLE 2. Primary resistance training movement patterns.*

Movement Key exercise

Hip extension† Shoulder-raised bilateral glute bridge
Lower-body triple extension† Squat
Horizontal push† Modified press-up
Lower-body triple extension† Split squat
Scapula retractionz Standing scapula retraction w/yellow band
Lateral rotatoryz Lateral walk w/yellow band
Vertical pushz Incline chest press w/yellow band
Hip hingez Deadlift w/yellow band
Horizontal pullz Seated row w/yellow band
Full-body extensionz Push press w/yellow band
Anti-rotationz Core rotation w/yellow band

*The resistance exercises were based on primary resistance training movement patterns.
Key exercises used in the intervention are shown here. These key exercises were modified
according to the participants’ rating of perceived exertion.

†Body weight exercise.
zResistance band exercise; w/ = with.
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collected after the cessation of each training session and
exercises were modified for the next workout accordingly.

Outcome Measurements: Six Minute-Walk Test. Participants
were instructed to walk at their own maximal pace back
and forth along a flat 30-m surface, covering as much ground
as they could in 6 minutes. All instructions, encouragement,
and monitoring adhered to the guidelines provided by the
American Thoracic Society (4). Participants completed one
trial and the distance covered was recorded in meters. The
6-minute walk test (6MWT) has recently demonstrated excel-
lent reliability in our laboratory (intraclass correlation [ICC] =
0.98), with the SEM and minimum detectable change at 95%
confidence intervals (CIs) (MDC95%) reported at 13.7 and
37.8 m, respectively (40).

Timed Up-and-Go. Participants sat in a firm, armless chair
(height, 40 cm; depth, 39 cm) and were instructed to stand up,
walk 3 m before turning 1808, and return to the chair to sit
down. Participants were instructed to perform the test as
quickly as possible but in a controlled manner, with time re-
corded in seconds during one trial. Timed up-and-go (TUG) is
a basic measure of functional mobility (7) and has demon-
strated high test-retest reliability in our laboratory (ICC =
0.97; SEM = 0.22 seconds; MDC95% = 0.62 seconds) (40).

Thirty-Second Chair Sit-To-Stand. The 30-second chair sit-to-
stand (STS) is a reliable measure of lower-extremity function

and strength in older adults (ICC = 0.89) (33). The test was
administered using the same chair as the TUG, which was
supported against a wall. Participants began seated and were
subsequently instructed to rise to a full standing position
(legs straight) and then return to the seat (full weight on
chair) with both arms crossed against the chest. A practice
trial of 2 repetitions was given to check correct form,
followed by one test trial. The total number of stands
performed correctly in 30 seconds was recorded for analysis.

Stair-Climb Test. Participants ascended and descended a free-
standing flight of 5 steps (step height, 20 cm) as quickly
possible, but in a safe and controlled manner. The use of the
handrails was permitted if required, and the test finished
when both feet were flat on the ground level. One trial was
permitted with the time recorded in seconds. Using our
laboratory’s custom-built staircase, the stair-climb test (SCT)
has been shown to be highly reliable (ICC = 0.98; SEM =
0.08 seconds; MDC95% = 0.22 seconds) (40).

Forty-Meter Fast-Paced Walk Test. Participants walked as
quickly as possible along a 20-m flat surface, turned 1808
around a cone, and then walked 20 m back to the start line.
The test finished when the participant had walked 40 m to
cross back over the start line, with time recorded in seconds
during one trial. The 40-m fast-paced walk test (FPWT) has
previously demonstrated excellent reliability (ICC = 0.95,
SEM = 1.0 m$s21) (51).

Hand Grip Test. Using their
dominant hand, participants
squeezed the analogue dyna-
mometer (T.K.K. 5001 Grip-A;
Takei Scientific Instruments, Nii-
gata City, Japan) as hard as
possible for 2–3 seconds. An
upright biped position was main-
tained throughout the test with
the arm in full extension. The
grip position of the dynamome-
ter was adjusted to each individ-
ual’s hand size. The best score of
2 trials was recorded to the near-
est 0.5 kg and used for analysis.
The TKK dynamometer has
recently recorded high reliability
and criterion-related validity (12).

Isometric Midthigh Pull. Using
an analogue back dynamome-
ter (T.K.K. 5002 Back-A; Takei
Scientific Instruments, Niigata
City, Japan), participants max-
imally extended their knees
and trunk for 5 seconds

Figure 1. Average (A) and maximum (B) heart rate during the resistance training intervention. SUP = supervised;
UNSUP = unsupervised. *Significantly different from session 1 (p # 0.05). †Significantly different from UNSUP (p
# 0.05). Data are presented as mean 6 SE.
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without bending their back. The height of the handle was
individually adjusted so that the bar rested midway up the
thigh and there was 1458 of knee flexion (22). Two trials
were performed with a 2-minute rest period in between.
Each trial was recorded to the nearest 1 kg, with the mean
value used for analysis. This test has previously demon-
strated good to acceptable reliability (ICC = 0.81–0.85) (26).

Sit-and-Reach Test. Sit-and-reach test (SRT) is a reliable (ICC =
0.94) (10) measure of hamstring and spinal flexibility. Participants
sat on the floor with their legs fully extended and heels flat against
a standardized box (height, 32.5 cm). One hand was placed on
top of the other and participants gradually reached forward as far
as possible along the measuring tape on top of the box. One trial
was completed, and the furthest the participants reached and
held for 2 seconds was recorded to the nearest 0.5 cm.

Heart Rate. Average and maximum heart rate and session
duration were recorded for each training session using the
Polar heart rate monitor. Recording commenced before the

start of the warm-up and stopped immediately after the last
resistance exercise (before the cool-down).

Exercise Compliance. Compliance in the training intervention
was calculated as follows: ([sessions attended/total number
of sessions] 3 100). Participation in the SUP intervention
was assessed using attendance at the SUP training sessions.
Participation in the UNSUP intervention was evaluated
using participants’ training logs.

Sample Size Estimation. The sample size was calculated using
G*Power software (version 3.1; Universität Düsseldorf, Düs-
seldorf, Germany). Given the type of study design (mixed
analysis of variance [ANOVA] with repeated measures), the
following input parameters were entered to obtain medium-
sized group 3 time interaction effects: a = 0.05, statistical
power of 0.8, and an effect size of 0.25. Thus, a priori sample
size for statistical significance was calculated as 28 partici-
pants (i.e., 14 in each group). A dropout rate of 20% was also
considered. The medium effect size was based on a recent

TABLE 3. Within-group changes between the different time points.*†

Outcome PRE-POST PRE-DET POST-DET
Time 3 group
interaction p

6MWT (m) 0.849
SUP 48.6 (28.4 to 68.8)z 30.6 (6.2 to 55.0)z 218.0 (238.3 to 2.2)
UNSUP 42.7 (17.8 to 67.7)z 24.7 (1.6 to 47.8)z 218.1 (237.8 to 1.7)

TUG (s) 0.746
SUP 20.84 (21.16 to 20.53)z 20.61 (20.88 to 20.34)z 0.23 (20.16 to 0.62)
UNSUP 20.93 (21.28 to 20.58)z 20.57 (20.88 to 20.27)z 0.36 (0.13 to 0.58)z

30-s chair STS
(s)

0.784

SUP 3.4 (2.8 to 3.9)z 1.8 (1.0 to 2.6)z 21.6 (22.6 to 20.6)z
UNSUP 3.1 (2.0 to 4.1)z 1.8 (0.8 to 2.9)z 21.3 (22.4 to 20.1)z

SCT (s) 0.923
SUP 20.74 (21.12 to 20.36)z 20.42 (20.78 to 20.05)z 0.32 (0.07 to 0.57)z
UNSUP 20.79 (21.17 to 20.41)z 20.44 (20.78 to 20.11)z 0.34 (0.14 to 0.55)z

FPWT (s) 0.299
SUP 21.74 (22.87 to 20.62)z 20.93 (21.42 to 20.44)z 0.81 (20.48 to 2.10)
UNSUP 21.37 (21.98 to 20.76)z 21.22 (21.85 to 20.60)z 0.15 (20.28 to 0.57)

Hand grip test
(kg)

0.140

SUP 0.9 (21.0 to 2.7) 1.6 (20.3 to 3.5) 0.7 (20.7 to 2.2)
UNSUP 0.8 (20.2 to 1.8) 0.3 (20.7 to 1.2) 20.6 (21.8 to 0.7)

IMTP (kg) 0.829
SUP 25.0 (16.4 to 33.6)z 14.4 (7.2 to 21.6)z 210.6 (218.3 to 23.0)z
UNSUP 26.6 (14.3 to 38.8)z 17.6 (4.8 to 30.5)z 28.9 (217.6 to 20.3)z

SRT (cm) 0.495
SUP 3.2 (20.2 to 6.6)z 2.1 (21.7 to 6.0) 21.0 (23.2 to 1.1)
UNSUP 3.2 (1.3 to 5.1)z 0.9 (20.8 to 2.6) 22.3 (23.7 to 21.0)z
*PRE = preintervention; POST = postintervention; DET = detraining; 6MWT = 6-minute walk test; SUP = supervised; UNSUP =

unsupervised; TUG = timed up-and-go; STS = sit-to-stand; SCT = stair-climb test; FPWT = fast-paced walk test; IMTP = isometric
midthigh pull; SRT = sit-and-reach test.

†Data are presented as mean values (95% confidence intervals).
zSignificant difference within groups (p # 0.05).
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meta-analysis (37) comparing the effects of SUP vs. UNSUP
resistance training on measures of muscle strength in older
adults (standardized mean difference [SMD] = 0.51).

Statistical Analyses

All analyses were performed by intention to treat using SPSS
for Windows (IBM SPSS, version 22.0, Chicago, IL, USA).
Shapiro-Wilk and Levene’s tests were used to verify normal-
ity of data and homogeneity of variance, respectively, and all
assumptions were met. To compare baseline characteristics
between groups, an independent-samples t-test was con-
ducted for continuous variables, whereas the Mann-
Whitney U-test was used for ordinal data (sex). A 2 3 3
mixed-model ANOVA with repeated measures for group
(between) and time (within) was used to examine the effects
of the intervention on each outcome measurement. The
alpha level indicating statistical significance for this test
was set at p # 0.05. The data were then further explored
with pairwise comparisons using a Bonferroni-adjusted
alpha level. The assumption of sphericity was assessed with
Mauchly’s test, and in the case of significant violations, the
Greenhouse-Geisser epsilon correction was applied. The
level for all CIs was 95%.

RESULTS

Exercise Responses

Exercise compliance was 94.6% in the SUP group and 98.7%
in the UNSUP group, with no significant difference between
conditions (4.1 6 2.1%, p = 0.066, 95% CI: 28.4 to 0.3%).
Session duration was 27.6 6 2.9 minutes in the SUP group
and 23.1 6 3.4 minutes in the UNSUP group, with this
difference reaching statistical significance (5 6 1 minute,
p # 0.05, 95% CI: 2–7 minutes). There was a significant
interaction between group and time on average heart rate
(p# 0.05). Specifically, average heart rate was 146 3 b$min–1

higher in the SUP group compared with the UNSUP group
(p # 0.05, 95% CI: 7–22 b$min–1) (Figure 1). For maximum

heart rate, there was no significant group by time interaction
(p = 0.770). However, there were significant main effects of
time (p# 0.05) and group (p# 0.05), showing that peak heart
rate was 23 6 4 b$min–1 (p # 0.05; 95% CI: 14–33 b$min–1)
higher in the SUP group compared with the UNSUP group.

Physical Performance Outcomes

There were no significant main effects of group nor any
significant interaction effects between group and time for
any physical performance outcome (p . 0.05; Table 3).
However, the main effect of time showed a statistically sig-
nificant difference in all variables at the different time points
(p # 0.05). With the exception of hand grip strength,
Bonferroni-corrected pairwise comparisons revealed signifi-
cant training-induced improvements in all performance tasks
(p # 0.05; Table 3). Detraining resulted in significant reduc-
tions in 30-second chair STS, SCT, and isometric midthigh
pull (IMTP) performance in both the SUP and UNSUP
conditions (p # 0.05; Table 3). Timed up-and-go and SRT
performance also significantly decreased in the UNSUP
group but not in the SUP group after DET, although these
reductions were not significantly different between condi-
tions (TUG: 0.13 seconds, p = 0.454, 95% CI: 20.21 to
0.46 seconds; SRT: 1.31 cm, p = 0.924, 95% CI: 20.56 to
3.19 cm). Despite these performance decrements, the
6MWT, TUG, 30-second chair STS, SCT, FPWT, and
IMTP remained significantly above baseline in both groups
after DET (p # 0.05). No significant between-group differ-
ences emerged between conditions after training or DET
(p . 0.05) (Table 4).

DISCUSSION

This study examined the short-term training and DET
effects of SUP vs. UNSUP resistance training on muscle
strength and function in adults aged 53.6 6 3.6 years. Our
data demonstrate a comparative increase in functional ability
and muscle strength after both training interventions. These

TABLE 4. Between-group changes between the different time points.*†

PRE-POST PRE-DET POST-DET

6MWT (m) 5.89 (219.08 to 30.86) 5.93 (219.78 to 31.65) 0.41 (221.65 to 21.73)
TUG (s) 0.09 (20.28 to 0.45) 0.04 (20.28 to 0.36) 0.13 (20.21 to 0.46)
30-s chair STS (reps) 0.30 (20.64 to 1.24) 0.03 (21.03 to 1.08) 0.33 (20.83 to 1.48)
SCT (s) 0.05 (20.36 to 0.47) 0.28 (20.35 to 0.40) 0.24 (20.22 to 0.27)
FPWT (s) 0.37 (20.58 to 1.32) 0.29 (20.33 to 0.91) 0.66 (20.33 to 1.7)
Hand grip test (kg) 0.04 (21.52 to 1.59) 1.33 (20.23 to 2.88) 1.29 (20.18 to 2.75)
IMTP (kg) 1.58 (210.17 to 13.32) 3.3 (28.41 to 14.97) 1.7 (27.2 to 10.61)
SRT (cm) 0.03 (22.88 to 2.95) 1.28 (21.84 to 4.39) 1.31 (20.56 to 3.19)

*PRE = preintervention; POST = postintervention; DET = detraining; 6MWT = 6-minute walk test; TUG = timed up-and-go; STS =
sit-to-stand; SCT = stair-climb test; FPWT = fast-paced walk test; IMTP = isometric midthigh pull; SRT = sit-and-reach test.

†Data are presented as mean values (95% confidence interval).
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improvements were attained using low-cost elastic bands
and a small weekly time commitment (83 and 69 minutes
in SUP and UNSUP, respectively). In addition, most of the
training-induced adaptations remained above baseline values
after the period of DET.

The training program resulted in a significant increase in
functional performance and IMTP strength, independent of
the level of supervision. The magnitude of change, consid-
ered in relation to the error of measurement, suggests that
the training-induced improvements are likely to be meaning-
ful for aging adults. For example, the improved TUG
performance observed in both groups (20.84 and 20.93
seconds in SUP and UNSUP, respectively) exceeds the
SEM (0.22 seconds) and MDC95% (0.62 seconds) previously
recorded in our laboratory (40). This improvement in func-
tional performance is also greater than the magnitude re-
ported in a previous meta-analysis of resistance training in
older adults (20.69 seconds, 95% CI: 21.11 to 20.27 sec-
onds) (38) and is larger than the change observed in a num-
ber of recent studies in this area (16,47). This difference may
be attributed to the average age of participants. In this study,
subjects had a mean age of 53.6 6 3.6 years, whereas the
mean age of trials included in the meta-analytic review (38)
ranged from 65.8 6 7.6 to 84.96 4.8 years. Alternatively, the
difference in magnitude may be related to the specificity of
the exercise stimulus. Most of the resistance training studies
in older adults involve single-joint exercises and the use of
resistance machines, which limit the training movement to
a fixed pattern in a single plane of motion. Although this
regimen is effective at enhancing maximal muscular strength,
it seems to elicit a more modest effect on functional perfor-
mance (39,43). Our training intervention involved resistance
training exercises that mimic the biomechanical movement
patterns of everyday life activities, such as rising from a chair
(e.g., squat), climbing the stairs (e.g., split squat), and twisting
to pick an item up off the floor (e.g., core rotation).

Furthermore, many movement deficits develop during
later adulthood such as a lack of ankle ROM and reduced
hip extension, which result in adverse gait kinematics and
a decline in functionality (34). Training programs specifically
targeting these age-related movement deficits have been
shown to enhance gait velocity and center of mass kinemat-
ics in the STS transition (15,44). Favorable changes in walk-
ing speed and STS kinematics may aid in the performance of
tasks such as the TUG. Therefore, the inclusion of specific
mobility exercises in our intervention (designed primarily to
increase ankle, hip, and thoracic spine ROM) might have
contributed to the large improvements in functional perfor-
mance. Further research is required to confirm the mecha-
nistic changes that underpin improvements in functional
tasks after training.

It is important that resistance training evokes changes that
are clinically meaningful for the intended population.
Changes in laboratory-based measurements after a resistance
training intervention are designed to reflect changes in

clinically meaningful endpoints (28). Because laboratory
measurements are not clinically meaningful endpoints, they
must be correlated with those that are to be considered valid
(28). For example, performance in the SCT is associated with
self-reported functional abilities in older adults (5) and the
test involves the same movement patterns as climbing the
stairs in a real-life setting. Although correlations cannot
establish cause and effect, it is likely that the;13% improve-
ment in SCT performance would have a direct influence on
an aging person’s ability to climb a flight of stairs in day-to-
day life. This magnitude of change is also consistent with
other resistance training studies (;9 to 14%) (29,30,35) and
exceeds the MDC95% recorded previously (7.7%) (40), con-
firming that the change was not due to measurement error
or variation within individual performance. Further work is
warranted to delineate a causal relationship between im-
provements in laboratory-based measurements and changes
in day-to-day function.

The resistance training program followed the principle of
progressive overload by systematically increasing resistance
(grade of elastic band) and volume (number of sets and/or
repetitions) over time. In addition, in accordance with
NSCA guidelines (27), the difficulty of exercise selection
was individually tailored according to the participant’s ability
and perception of effort. That is, exercises were modified
using exercises of similar movement patterns but with differ-
ent technical difficulties. For example, the body weight squat
was progressed to a body weight lunge when the participant
rated the squat exercise as “easy” (#3 on the modified RPE
Scale). Both movements are multijointed motor actions
involving large muscle groups, but the lunge is unilateral in
nature, reduces the base of support from a biped stance to
a split stance, and requires greater hip flexor ROM. The
lunge also necessitates a larger amount of muscle force to
decelerate the body’s inertia and then accelerate the body
back to the starting position. Advancing from low-skill to
high-skill exercises may improve movement quality to
a greater extent than increasing resistance load or volume
alone. Indeed, a ceiling effect exists whereby further in-
creases in strength will not lead to additional functional im-
provements in older adults (6). Although modifying exercise
selection based on individual ability is common practice in
athlete populations, it is a strategy seldom included within
training interventions for older adults. Researchers and prac-
titioners should consider focusing on the primary movement
pattern rather than the exercise itself, and move away from
prescribing homogenous training programs for a largely het-
erogeneous population.

The increases in functional ability and IMTP strength were
similar between SUP and UNSUP groups. Between-group
comparisons did not reach statistical significance for any
variable, which is further supported by the 95% CIs spanning
zero. Although these nonsignificant results do not establish
equivalence, the data imply that equivalency cannot be ruled
out. This finding is in contrast to a recent meta-analytic review
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suggesting that, in a pooled analysis of 5 studies, SUP resistance
training improves proxies of muscle strength to a greater extent
than UNSUP programs (SMD = 0.51) (37). However, when
considering the primary data, 3 of the 5 studies included in the
review reported no differences between SUP and UNSUP in-
terventions (1,19,46). Another included study compared SUP
high-intensity training vs. a UNSUP low-intensity program
(50); consequently, the difference between groups may be
attributed to different loading strategies rather than the level
of supervision. The remaining study reported larger improve-
ments in function after 12 weeks of SUP strength and balance
training compared with a parallel home-based program (36).
Therefore, despite the recent publication of a well-designed
meta-analysis (37), existing research comparing SUP vs.
UNSUP resistance training programs in aging adults remains
equivocal. Our data suggest that home-based resistance training
with telephone support is an effective alternative to SUP pro-
grams, although this finding requires replication in interven-
tions lasting several months rather than weeks.

This study is the first to demonstrate greater elevations in
heart rate when untrained aging adults receive supervision
during a resistance training intervention. Weekly telephone
calls to the UNSUP group revealed lower mean stages of
exercise progression compared with the SUP group, which
implies that the greater heart rates may have been related to
the completion of more advanced exercises. Direct supervi-
sion may have also fostered a higher quality in the execution
of exercises due to continual technical feedback. Alterna-
tively, the greater heart rates may be related to psychological
factors such as competitiveness (i.e., presence of an audi-
ence) or external motivation (i.e., real-time encouragement).
Interestingly, the average heart rate elicited in the SUP
group (117 6 8 b$min–1) was equivalent to ;70% of age-
predicted HRmax (220-age), which meets the American
College of Sports Medicine guidelines for moderate-
intensity aerobic exercise (24). The capacity of resistance
training to contribute to the aerobic component of interna-
tional physical activity guidelines has been reported recently
(9) and suggests that this resistance training, when pro-
gramed appropriately, can provide stimuli for both cardio-
vascular and musculoskeletal adaptation. In light of an
increasingly sedentary population, promoting resistance
training as a single method to achieve discernible health
benefits should be considered. Future research should eval-
uate whether the higher heart rates elicited in the SUP vs.
UNSUP group translate into greater improvements in
cardiovascular fitness.

After exercise cessation, training-derived improvements
were robust and remained above baseline values in both
intervention groups. For example, performance in the 30-
second chair STS test after DETwas still ;14% greater than
baseline. Previous studies have also reported that, after DET
phases of 6–12 weeks, STS performance remains ;10 to
22% greater than pretraining values (2,14,36). Less retention
of 30-second chair STS performance (;8%) has been

observed after longer DET periods of 24 weeks (48) and 1
year (18). It is likely that the residual effect of resistance train-
ing diminishes with longer periods of DET. Age may also
mediate the effects of DET; Seco et al. (45) have previously
reported better maintenance of balance performance among
65–74-year-olds compared with those aged 75 years or older.
Given that we included younger participants (53.6 years) than
the aforementioned studies (;65 years) (18,48), it might be
expected that our subjects would retain a greater proportion
of their training improvements. By contrast, the initial training
regimen does not seem to influence DET’s effect on func-
tional performance. We found the residual benefit of resistance
training was similar between SUP and UNSUP interventions,
which is consistent with data obtained recently by Lacroix
et al. (36). Others have also demonstrated that DET is not
affected by training load, training duration, or repetition veloc-
ity among older adults (31,48). However, comparing post-
training to post-DET, the significant decreases in some
parameters of physical performance highlight the negative
effects of discontinuing a resistance training program. This
reinforces the notion that aging individuals should be engaged
in a regimen of resistance training across the lifespan to mit-
igate age-related declines in function.

A limitation of this study is that the investigator was not
blinded to group allocation, although all participants
received the same instructions and strictly adhered to
a predetermined testing protocol. In addition, training
intensity was controlled indirectly by selecting a target
number of repetitions associated with a subjective percep-
tion of effort. Although resistance training load is usually
quantified using a percentage of 1 repetition maximum, the
use of RPE has been shown to be a valid indicator of elastic
resistance training intensity in older adults (17). The weekly
telephone support provided to the UNSUP group may also
have encouraged exercise adherence (8). Therefore, it is
unknown whether the same results would have occurred if
there was no contact with participants during the interven-
tion period. Furthermore, we did not include an inactive
control group, although we have interpreted the magnitude
of effects in relation to the error of measurements that were
matched for time in our laboratory (4 weeks separating tri-
als) (40). Finally, participants in this study were healthy
adults aged 53.6 6 3.6 years (range: 50–62 years) and may
not be representative of all elderly persons. Most previous
studies have included adults aged above 65 years; so, com-
parisons made between our results and the current body of
literature should take this age difference into consideration.
The hypertrophic response to resistance training may be
diminished with advancing age, but aging does not seem
to impair one’s ability to increase muscle strength (49).
Future studies should assess whether a functional resistance
training program with minimal supervision is well-tolerated
by older and mobility-limited individuals.

To conclude, this study demonstrated that a 4-week
functional resistance training program, performed using body
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weight movements and elastic bands, elicited meaningful
improvements in physical performance. The increases in
functional ability and muscle strength were similar between
SUP and UNSUP groups, suggesting that home-based resis-
tance training is a practical and effective alternative to SUP
programs for aging adults. Importantly, the training-induced
improvements were largely preserved after exercise cessation.

PRACTICAL APPLICATIONS

A functional resistance training program may be imple-
mented into clinical practice to mitigate age-related declines
in muscle strength and function. Owing to the comparative
effectiveness of SUP and UNSUP groups, our data also
suggest that practitioners may prescribe home-based resis-
tance training as a cost-effective and practical alternative to
SUP programs that may help circumvent many barriers to
physical activity in the aging population, such as lack of time,
money, and transportation. This finding, however, requires
replication in interventions lasting several months rather
than weeks. The adaptations to a resistance training program
are well maintained beyond the cessation of training,
although lifelong participation in resistance training should
be encouraged to attenuate the inevitable decline in func-
tional capacity during later adulthood. Taken together, these
findings suggest that aging adults should choose a preferable
environment for exercise (i.e., UNSUP at home or SUP in
a facility) that will foster consistent adherence to resistance
training in the longer term.
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R. Effects of strength training, detraining and retraining in muscle
strength, hypertrophy and functional tasks in older female adults.
Clin Physiol Funct Imaging 36: 306–310, 2015.

19. Cyarto, EV, Brown, WJ, Marshall, AL, and Trost, SG. Comparison
of the effects of a home-based and group-based resistance training
program on functional ability in older adults. Am J Health Promot 23:
13–17, 2008.

20. Devereux-Fitzgerald, A, Powell, R, Dewhurst, A, and French, DP.
The acceptability of physical activity interventions to older adults: A
systematic review and meta-synthesis. Soc Sci Med 158: 14–23, 2016.

21. Dias, CP, Toscan, R, de Camargo, M, Pereira, EP, Griebler, N,
Baroni, BM, and Tiggemann, CL. Effects of eccentric-focused and
conventional resistance training on strength and functional capacity
of older adults. Age 37: 99, 2015.

22. Dos’Santos, T, Thomas, C, Jones, PA, McMahon, JJ, and Comfort, P.
The effect of hip joint angle on isometric mid-thigh pull kinetics. J
Strength Cond Res 31: 2748–2757, 2017.

23. Franco, MR, Howard, K, Sherrington, C, Ferreira, PH, Rose, J,
Gomes, JL, and Ferreira, ML. Eliciting older people’s preferences for
exercise programs: A best-worst scaling choice experiment. J
Physiother 61: 34–41, 2015.

24. Garber, CE, Blissmer, B, Deschenes, MR, Franklin, BA, Lamonte,
MJ, Lee, IM, Nieman, DC, and Swain, DP. American College of
Sports Medicine position stand. Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: Guidance for
prescribing exercise. Med Sci Sports Exerc 43: 1334–1359, 2011.

Journal of Strength and Conditioning Research
the TM

| www.nsca.com

VOLUME 33 | NUMBER 10 | OCTOBER 2019 | 2741

Copyright © 2018 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.



25. Glenn, JM, Gray, M, and Binns, A. The effects of loaded and unloaded
high-velocity resistance training on functional fitness among
community-dwelling older adults. Age Ageing 44: 926–931, 2015.

26. Gruther, W, Wick, F, Paul, B, Leitner, C, Posch, M, Matzner, M,
Crevenna, R, and Ebenbichler, G. Diagnostic accuracy and
reliability of muscle strength and endurance measurements in
patients with chronic low back pain. J Rehabil Med 41: 613–619,
2009.

27. Haff, GG and Triplett, TN. Program design for resistance training.
In: Essentials of Strength Training and Conditioning. Champaign, IL:
Human Kinetics, 2015. pp. 439–469.

28. Halperin, I, Vigotsky, AD, Foster, C, and Pyne, DB. Strengthening
the practice of exercise and sport science. Int J Sports Physiol Perform
13: 127–134, 2018.

29. Henwood, TR and Taaffe, DR. Short-term resistance training and
the older adult: The effect of varied programmes for the
enhancement of muscle strength and functional performance. Clin
Physiol Funct Imaging 26: 305–313, 2006.

30. Henwood, TR, Riek, S, and Taaffe, DR. Strength versus muscle
power-specific resistance training in community-dwelling older
adults. J Gerontol A Biol Sci Med Sci 63: 83–91, 2008.

31. Henwood, TR and Taaffe, DR. Detraining and retraining in older
adults following long-term muscle power or muscle strength specific
training. J Gerontol A Biol Sci Med Sci 63: 751–758, 2008.

32. Hintermeister, RA, Lange, GW, Schultheis, JM, Bey, MJ, and
Hawkins, RJ. Electromyographic activity and applied load during
shoulder rehabilitation exercises using elastic resistance. Am J Sports
Med 26: 210–220, 1998.

33. Jones, CJ, Rikli, RE, and Beam, WC. A 30-s chair-stand test as
a measure of lower body strength in community-residing older
adults. Res Q Exerc Sport 70: 113–119, 1999.

34. Jung, H and Yamasaki, M. Association of lower extremity range of
motion and muscle strength with physical performance of
community-dwelling older women. J Physiol Anthropol 35: 30, 2016.

35. Kalapotharakos, VI, Michalopoulos, M, Tokmakidis, SP, Godolias,
G, and Gourgoulis, V. Effects of a heavy and a moderate resistance
training on functional performance in older adults. J Strength Cond
Res 19: 652–657, 2005.

36. Lacroix, A, Kressig, RW, Muehlbauer, T, Gschwind, YJ, Pfenninger,
B, Bruegger, O, and Granacher, U. Effects of a supervised versus an
unsupervised combined balance and strength training program on
balance and muscle power in healthy older adults: A randomized
controlled trial. Gerontology 62: 275–288, 2016.

37. Lacroix, A, Hortobagyi, T, Beurskens, R, and Granacher, U. Effects
of supervised vs. unsupervised training programs on balance and
muscle strength in older adults: A systematic review and meta-
analysis. Sports Med 47:2341–2361, 2017.

38. Liu, CJ and Latham, NK. Progressive resistance strength training for
improving physical function in older adults. Cochrane Database Syst
Rev 3: Cd002759, 2009.

39. Liu, CJ and Latham, N. Can progressive resistance strength training
reduce physical disability in older adults? A meta-analysis study.
Disabil Rehabil 33: 87–97, 2011.

40. Northgraves, MJ, Hayes, SC, Marshall, P, Madden, LA, and
Vince, RV. The test-retest reliability of four functional mobility
tests in apparently healthy adults. Isokinet Exerc Sci 24: 171–179,
2016.

41. Orange, S and Smith, A. Evidence-based strength and conditioning
in soccer. Health Fitness J Can 9: 21–37, 2016.

42. Papa, EV, Dong, X, and Hassan, M. Resistance training for activity
limitations in older adults with skeletal muscle function deficits: A
systematic review. Clin Interv Aging 12: 955–961, 2017.

43. Peterson, MD, Rhea, MR, Sen, A, and Gordon, PM. Resistance
exercise for muscular strength in older adults: A meta-analysis.
Ageing Res Rev 9: 226–237, 2010.

44. Schot, PK, Knutzen, KM, Poole, SM, and Mrotek, LA. Sit-to-stand
performance of older adults following strength training. Res Q Exerc
Sport 74: 1–8, 2003.

45. Seco, J, Abecia, LC, Echevarria, E, Barbero, I, Torres-Unda, J,
Rodriguez, V, and Calvo, JI. A long-term physical activity training
program increases strength and flexibility, and improves balance in
older adults. Rehabil Nurs 38: 37–47, 2013.

46. Van Roie, E, Delecluse, C, Opdenacker, J, De Bock, K, Kennis, E, and
Boen, F. Effectiveness of a lifestyle physical activity versus
a structured exercise intervention in older adults. J Aging Phys Act
18: 335–352, 2010.

47. Van Roie, E, Delecluse, C, Coudyzer, W, Boonen, S, and Bautmans,
I. Strength training at high versus low external resistance in older
adults: Effects on muscle volume, muscle strength, and force-
velocity characteristics. Exp Gerontol 48: 1351–1361, 2013.

48. Van Roie, E, Walker, S, Van Driessche, S, Baggen, R, Coudyzer,
W, Bautmans, I, and Delecluse, C. Training load does not affect
detraining’s effect on muscle volume, muscle strength and
functional capacity among older adults. Exp Gerontol 98: 30–37,
2017.
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