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Short term and long term detraining: is there any difference
between young-old and old people?

N F Toraman
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Objectives: To assess the effects of short (six weeks) and long (52 weeks) term detraining on functional
fitness in elderly people, and to determine whether these effects differ according to age in elderly people.
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elderly adults.

prevent certain diseases.' > However, to retain these
benefits, one must remain physically active throughout
life. Because of chronic disease, stays in hospital, or the side
effects of drugs, elderly people are more prone to interrup-
tions in their exercise programmes than are younger adults.

Detraining occurs after the cessation of training, when
previous adaptations are gradually lost.” Most studies of
detraining in elderly people have focused on the effects on
muscular strength,*** performance measures of physical
function,® * "' body composition,® and blood lipid concentra-
tion."” In these studies, detraining generally follows moderate
to high intensity resistance training,*'* and few studies have
focused on the effects of detraining after cardiovascular
exercise training.*

To my knowledge, no studies have compared the effects of
short and long term detraining on functional fitness, nor
have any determined whether such effects differ with age in
elderly people. Functional fitness is defined as having the
physiological capacity to perform normal everyday activities
safely and independently without undue fatigue."

In the laboratory, we compared the responses of young-old
(YO, aged 60-73 years) and older (O, aged 74-86 years)
subjects to a standardised multicomponent exercise training
programme and subsequent period of detraining to deter-
mine whether regular physical activity influences the age
related changes in functional fitness during detraining. The
aims were to determine the effects of short (six weeks) and
long (52 weeks) term detraining on functional fitness in the
YO and O groups, which component of functional fitness was
most affected by short and long term detraining, and
whether functional fitness responded differently to detrain-
ing in the two groups.

Regular exercise has many health benefits and can

METHODS

Participants

Forty two elderly adults were initially recruited to take part in
a randomised trial designed to investigate the effects of a

Methods: Elderly subjects, aged 60-86 years, completed a nine week multicomponent exercise training
programme. They performed the senior fitness test after six and 52 weeks, and the responses of 12 young-
old subjects (YO, aged 60-73 years) and nine older subjects (O, aged 74-86 years) were compared.
Results: Functional fitness improved during the exercise training period. Short term detraining caused a
loss of this improvement in functional performance. Performance on the chair stand test for both YO and O
groups and on the up and go and six minute walk tests for the YO group remained significantly higher
than before training after six weeks of detraining (p<<0.013). Performance in all tests reverted to the pre-
training values or lower after 52 weeks of detraining in both groups. In the O group, performances in the
six minute walk test and arm curl test were lower than before training (p<<0.013). The components of
functional fitness most affected by detraining were agility with short term detraining, and aerobic
endurance and upper extremity strength with long term detraining.

Conclusion: Changes in functional capacity after short and long term detraining are affected by age in

nine week exercise training programme on functional fitness
and body composition'® and the responses to the multi-
component training.'”” Subjects were volunteers who were
older than 60 years, healthy, and without serious cardiovas-
cular or musculoskeletal diseases, living independently in a
retirement home, performing activities of daily living without
mobility aids, and had a standardised mini-mental state
examination score = 20. All participants had medical
clearance to participate in the testing and training
sessions.Twenty two subjects were assigned to the YO group
(aged 60-73 years) and 20 to the O group (aged 74-86 years).
The YO and O groups were randomly subdivided into
exercisers and control subjects, who did not exercise.
Twelve of the YO group participated in the exercise
programme and 10 served as non-exercise control subjects;
nine of the O group exercised and 11 were controls.

The elderly subjects gave written informed consent before
the study began and also before the detraining study. Of the
42 subjects in the initial phase of the study, 21 of the
exercisers and four of the control subjects volunteered for
the detraining study. Reasons for not participating in the
detraining study were: relocation (n = 4), lack of interest
in the study (n = 3), continuing the exercise programme
(n = 4), diagnosis of cancer (n = 1), marriage (n = 1),
fracture (n = 1), diagnosis of arthritis (n = 2), and recent
myocardial infarction (n = 1). Because the aim was to study
the effects of detraining after a training programme, we
analysed only the values for the exercise group. During the
detraining period, subjects were asked to maintain their
normal levels of informal daily activity.

Intervention

The first phase of the study has been described in detail
elsewhere.'* ' Briefly, participants performed aerobic, resis-
tance, and flexibility exercise training under the direct
supervision of a research assistant. The training variables in
the first week’s aerobic training were: intensity, 50% of heart
rate reserve; duration, 20 minutes per session; and frequency,

www.bjsportmed.com


http://bjsm.bmj.com

562 Toraman
Table 1 Changes in functional fitness affer training and detraining in two groups of elderly subjects
Young-old group (n = 12) Old group (n = 9)
Training Detraining Training Detraining

Test Pre- Post- 6 weeks 52 weeks Pre- Post- 6 weeks 52 weeks
8foot Up 63(1.3) 4.6 (0.8)F 540711t 6.6 (1.6 72(1.5) 52 (1)F 65 (0.9)F 71 (1.5)%
and go (s)

@it s 100(1.3) 19549+ 157 (2.6t 11.2(1.8)45  10.6(2) 181 (351  132(1.94f 10 (1.5)45
(rep)

Amcul rep)  17.3(1.7)  228(3.6)F 199 24 1583545 17.4(35) 22126+ 181017 123 (2.1) t45
Six minute walk ~ 482.8 (53.6) 567.2 (56.8)f 543 (54.9)t%  432.9 (72.1)f8 447 (80.4) 493.6 (87.4)F 452.9 (81.6)F 349.5 (67.6)*t%
(m)

Chair sit and -9.5(15.1) 3.9 (8.1)t —4.7(10.2)f —-8(11.4)F —21.1(54) -8.8(%9.3)t -16 (7.2) —18.9 (8)
reach (cm)

Back scratch (cm) —10.7 (10.8) —5.8 (8.6)1 —9.6 (8.8) -143(12.4)f -20.6(12.5) —-159 (1.7t -19.4(11.4)F -18.9(10.9)%
Values are mean (SD). Young-old group, aged 60-73 years; old group, aged 74-86 years.

*p<0.008, group effect, repeated measures analysis of variance.

tSignificant difference v baseline, p<0.013.

1Significant difference v post-training, p<0.013.

§Significant difference 6 weeks v 52 weeks detraining, p<0.013.

rep, Number of repetitions.

three days a week. After the first week, the aerobic training
duration was increased by five minutes and the intensity by
5% of heart rate reserve every two weeks. Dynamic resistance
exercises were performed in a circuit, organised as a row of 10
resistance exercise stations. The resistance exercises included
stair stepping, knee flexion, seated lower leg lift, arm raise,
chair squat, biceps curl, toe raise, modified push up,
abdominal crunch, and hip extension. In the first week,
subjects performed a single set of eight repetitions of
unloaded exercises; the number of repetitions increased to
12 in the second week and the number of sets increased to
three in the third week. Resistance training began at 50% of
the predicted one repetition maximum, and the load
gradually increased to 80% of the predicted one repetition
maximum. When the number of repetitions was increased,
the weight remained constant. The flexibility programme
included static stretching of the major muscle-tendon groups.
Subjects stretched in the middle of the each set and after
cach session. There were no significant differences in
functional fitness at baseline between the groups (p>0.05).
The nine week multicomponent training programme sig-
nificantly increased performance on functional fitness tests
in both the YO and O groups, and the rate of restoration of
functional fitness items was similar in the two groups."”

Measurements
Both groups were tested on four occasions, before training
(pre-training), after the nine weeks of training (post-
training), after six week of detraining, and after 52 weeks
of detraining. On the test day, subjects first completed a
10 minute warm up led by an exercise instructor, and then
completed the senior fitness test items,'® as validated by Rikli
and Jones."” The tests were administered in accordance with
the protocols described.'®

The senior fitness test consists of six assessment items. The
chair stand test assesses lower body strength. Each subject
completed two practice repetitions and one 30 second test
trial. The score was the total number of stands executed
correctly within 30 seconds. The arm curl test assesses upper
body strength. Each subject completed two practice repeti-
tions and one 30 second test trial. The score was the total
number of hand weight curls through the full range of
motion in 30 seconds. The chair sit and reach test assesses
lower body flexibility. Each subject completed two practice
trials and two test trials. The score was the best distance
achieved between the extended fingers and the tip of the toe.
The back scratch test assesses upper body flexibility. Each
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subject completed two practice trials and two test trials. The
score was the best distance achieved between the extended
middle fingers. The 8 foot up and go test assesses agility and
dynamic balance. Each subject completed one practice trial
and two test trials. The score was the shortest time to rise
from a seated position, walk 8 feet, turn, and return to the
seated position. The six minute walk test assesses aerobic
endurance. Each subject completed one practice trial two
days before the test and one test trial. The score was the total
distance walked in six minutes along a 45.72 m rectangular
course.

Statistical analysis

All data are presented as means (SD). Data were analysed
using the SPSS software (SPSS, version 10.0). Student’s f test
for independent samples was used to compare baseline
values between the groups. Statistical analyses were per-
formed using a two factor general linear model, incorporating
a mixed design, with one between-subjects factor of group
(two levels: YO and O) and one within-subjects factor of time
(four levels: pre-training, post-training, six weeks of detrain-
ing, and 52 weeks of detraining). All analyses were corrected
for sphericity using the methods of Greenhouse and
Geisser.'™ The Bonferroni adjustment for multiple tests was
used to set the significance criterion to 0.008—that is, 0.05
divided by 6.

Post hoc analyses were conducted using paired f tests to
examine within-group differences between baseline values
and those after nine weeks of training, and after six weeks
and 52 weeks of detraining. The Bonferroni correction was
applied to set the significance criterion to 0.013—that is, 0.05
divided by 4.

To estimate whether changes in the parameters were
meaningful in a practical way, the standardised response
means (mean changes divided by the SD) were measured to
calculate effect size; an effect size of 0.2-0.49 was considered
small, 0.5-0.79 moderate, and 0.8 or greater, large."

RESULTS

The mean ages of the subjects were 67.3 (4.2) years for the
YO group (eight men, four women) and 79.6 (3.8) years for
the O group (nine men) p<<0.001). There were significant
effects of time for the arm curl (Fs.554705 = 37.56, p<<0.001),
the chair stand (F; 552046 = 58.89, p<<0.001), the up and go
(Fis10874 = 20.94, p<<0.001), the chair sit and reach
(Fr444643 = 11.12, p<0.001), and the six minute walk
(F1833460 = 31.27, p<0.001). The effect of time was not
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Table 2 Within-group and between-group effect sizes after six and 52 weeks of
detraining
Effect size
Within Y-O group Within O group Between groups
Test 6 52 6 52 6 52
8 foot up and go 1.1 1.4 1.6 1.5 1.4 0.3
Chair stand 1 1.7 2 3 1.1 0.7
Arm curl 1 1.8 2 4.2 0.8 1.2
Six minute walk 0.4 0.5 2 1.8 1.3 1.2
Chair sit and reach 0.9 0.9 1.2 1.2 1.3 1.1
Back scratch 0.4 0.3 0.3 1 0.4
Y-O group, Young-old group (aged 60-73 years); O group, old group (aged 74-86 years).

significant for the back scratch (Fy552316 = 2.73, p =
0.106). Repeated measures analysis of variance showed a
significant between-subject effect only for the six minute
walk (Fy 9 = 10.186, p = 0.005) (table 1).

In both groups, all functional fitness test scores were
significantly lower after six weeks of detraining than after
the nine weeks of training (p<<0.013). However, both YO and
O groups had significantly higher chair stand scores than
before training (p<<0.001 and p = 0.006 respectively). In
addition, in the YO group, performances on the up and go test
(p = 0.003) and six minute walk test (p = 0.002) were
significantly higher than before training (table 1).

Scores on the functional fitness tests declined further
between six and 52 weeks of detraining. In the YO group,
there were significant decreases in performances on the arm
curl (p = 0.005), chair stand (p = 0.001), and six minute
walk (p = 0.001). In the O group, there were significant
decreases in performances on the arm curl (p = 0.001) and
chair stand (p<<0.001).

Six minute walk (p = 0.005) and arm curl (p = 0.010)
performances were significantly poorer after 52 weeks of
detraining than before training in the O group, whereas all of
the functional fitness tests reverted to pre-training values in
the YO group (table 1).

As shown in table 2, the most pronounced effect after six
weeks of detraining was in the up and go test for the YO
group and in the chair stand test for the O group. The most
pronounced effect after 52 weeks of detraining was on the
arm curl in both groups. The largest between-effect sizes were
observed for the up and go test after six weeks of detraining
and for the arm curl and six minute walk tests after 52 weeks
of detraining.

DISCUSSION

The purposes of this study were to determine the effects of
short and long term detraining on functional fitness, which
components of functional fitness were most affected by
detraining, and whether age influenced the responses to
detraining in independent living elderly people.

In both groups, performance in all of the functional fitness
tests was significantly lower after six weeks of detraining
than at end of the nine week training programme. However,
performance in the chair stand test for both groups and in the
six minute walk and up and go tests for the YO group
remained significantly higher than before training after six
weeks of detraining. After 52 weeks of detraining, perfor-
mance in all of the functional tests had decreased to the pre-
training values in both groups, except for the six minute walk
and arm curl tests in the O group, which had declined below
the pre-training values.

The largest between-group effect sizes were observed for
the up and go test after six weeks of detraining and for the
arm curl and six minute walk tests after 52 weeks of

detraining. These large effect sizes suggest that the two age
groups had different rates of change in agility and dynamic
balance after short term detraining, and in upper extremity
strength and aerobic endurance after long term detraining.

Our finding that lower extremity strength decreased after
six weeks of detraining but the values remained significantly
higher than those before training is consistent with previous
studies of elderly people.*®”? "' In contrast, our finding
that upper extremity strength reverted to the pre-training
values in both age groups after six weeks of detraining differs
from data reported by previous studies.” ''** It is difficult to
explain the discrepancy between the upper and lower body
response to short term detraining in this small sample. One
possible explanation is that the initial training response was
greater for lower extremity strength than for upper extremity
strength.'”” We used a shorter duration and lower intensity of
training than those used in other studies’ ' ' and our
subjects may have been less physically active than in some
studies."" Detraining induced decreases in the functional
performance of the neuromuscular system may be related to
the frequency of the preceding training, the type and
duration of the training, and the activities of daily living
during the detraining period.” "'

These data contrast with other reports showing main-
tenance of training induced increases in muscular strength
after 24 weeks,” 27 weeks," and 31 weeks® '° of detraining in
older men. Dynamic strength generally declines after three
years of detraining, although strength may remain near or
slightly above pre-training levels."" In contrast, Fiatarone ef al’
reported a 32% loss of maximal strength after only four
weeks of detraining in seven frail elderly subjects who had
previously shown dramatic gains in strength after eight
weeks of strength training. Another group reported that
10 weeks of detraining significantly reduced muscular
performance.* Others have reported a return to pre-training
strength levels after one year of detraining"” or that strength
may decline even further below pre-training levels.®* Our
subjects had initial low fitness and physical activity levels,' '
and other studies included more active®' ' and physically
fit* ¢ subjects and used longer training programmes.'" Thus
the initial levels of physical activity and functional capacity
may account in part for the declines in strength after
detraining in our subjects. In addition, they had some
medical problems and less mobility, as did subjects in other
studies.* > * A greater magnitude of strength loss is expected
in elderly people with medical problems that may directly
affect their physical activity patterns.

To my knowledge, the data showing that age affected the
loss of aerobic endurance after short and long term
detraining in elderly people is a novel finding. The YO group
retained a portion of their recently acquired aerobic
endurance after six weeks of detraining, although aerobic
endurance declined below pre-training values in the O group
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What is already known on this topic

The effects of training are gradually lost when training
ceases. Most studies of detraining in elderly people have
focused on the effects on muscular strength, performance
measures of physical function, body composition, and blood
lipid concentration after the cessation of moderate to high
intensity resistance training.

What this study adds

This study determined the effects of short and long term
detraining on functional fitness in elderly subjects, which
components of functional fitness were most affected by
detraining, and whether the age of the subjects influenced the
responses to detraining. It was found that changes in
functional capacity after short and long term detraining are
affected by age in the elderly.

after 52 weeks of detraining. Sforzo et al* reported that
subjects completing 16 weeks of cardiovascular exercise
training did not suffer any great impairment in performance
after 10 weeks of detraining. Their training period was longer
and their participants were fitter and had fewer medical
conditions than the present subjects.'”” The different
responses between our YO and O subjects may reflect
different adaptive processes or the presence of disease.

Although the groups did not differ significantly, there was
a large between-group effect size for the up and go test after
six weeks of detraining, which suggested that agility and
dynamic balance differed between the two groups after short
term detraining. Functional mobility scores, measured by the
timed up and go and timed 20 m walk tests, had declined
after one year of detraining in nursing home residents.*

The effects of age on the loss of muscular strength during
detraining has been investigated in only two previous studies,
which compared young subjects (aged 20-30 years) with
older subjects (aged 65-75 years) and found that 31 weeks of
detraining caused a larger decrease in muscular strength in
the older subjects.® '

In conclusion, six weeks of detraining did not reverse the
gains in aerobic endurance and agility made during a nine
week exercise programme in young-old (aged 60-73 years)
adults and the gains in lower body strength of young-old and
old (aged 74-86 years) elderly people. However, prolonged
detraining (52 weeks) caused a loss of all gains made during
the nine week training programme and caused a dramatic
decrease in aerobic endurance in subjects 74 years of age and
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older. These preliminary findings await replication using a
larger sample size and may provide a positive motivational
force for the encouragement of continued exercise participa-
tion by older adults.
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