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Effects of a resistance exercise
programme on the performance
of inactive older adults

ith increasing age there is a deterio-

ration of muscle strength, balance

and reaction time, which is associ-

ated with a reduction in functional
capacity and an increase in disability and number
of falls in older adults (Whipple et al, 1987;
Wolfson et al, 1995). During the last decade,
strength exercise research has indicated that it is a
safe and effective intervention to improve muscle
strength and functional and neuromotor perfor-
mance in older adults (Fiatarone et al, 1990;
Rooks et al, 1997; Vincent et al, 2002),

Although previous studies have examined the
effects of various strength exercise protocols such
as resistance machines (Fiatarone et al, 1990), free
weights (Rooks et al, 1997), aerobic balance
(Wolfson et al, 1995) and flexibility exercises (Lord
et al, 1995) on functional performance, static bal-
ance and reaction time, there is limited evidence
concerning effects of resistance exercise pro-
grammes of different intensities (high vs moderate)
on functional and neuromotor performance. The
ideal intensity of a resistance exercise for older

adults in enhancing functional and neuromotor per-
formance remains to be determined.

This study was designed to evaluate the effects of
resistance exercise programmes on functional and
neuromotor performance in healthy, inactive older
adults. It was hypothesized that both high- and
moderate-resistance exercise programmes would
have a beneficial effect on functional and neuromo-
tor performance,

METHODS

Participants

In total, 46 independently living older adults (aged
6074 years) volunteered to participate in this study.
All participants signed a written approval consent
form after being informed of all risks, discomforts
and benefits associated with the procedures followed
in this study. The research design and procedures of
this study were approved by the investigational
review committee of the Department of Physical
Education and Sport Science of Democritus
University of Thrace at Komotini, Greece.
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Participants were included if they:

B Were non-smokers

B Were free of medication

B Had no symptoms of cardiovascular, ortho-
paedic or neuromuscular disease according to
the medical questionnaire completed during an
interview with a physician.

Participants were also physically inactive before the

study according to the scores (below 9.4) obtained

with the Modified Baecke Questionnaire for Older

Adults (Voorrips et al, 1991). Further, participants

completed the Older American Resources and

Services Functional Assessment Questionnaire,

(McCusker et al, 1999) according to which no limi-

tations were observed in performing both basic and

mstrumental activities of daily living (scores rang-

ing 13-14 for both basic and instrumental activities

of daily living indices).

A total of 11 subjects were not included because
they did not meet the above inclusion criteria. After
the baseline medical control, participants were ran-
domly assigned to one of the two resistance exercise
groups — high-resistance exercise (HRE) or moder-
ate-resistance exercise (MRE) — or to a control
group, which did not participate in any exercise pro-
gramme. Participants who participated in the con-
trol group were not interested in taking part in an
€XErcise programme.

Two participants refused to continue after the
third week of exercise (one from the high-resis-
tance exercise group and one from the control
group) because of medical and personal problems
and were excluded from any data analysis. A total
of 11 people participated in the high-intensity
resistance exercise group (mean age=67.1 years;
seven women and four men) and 12 subjects partic-
ipated in the moderate-intensity resistance exercise
group (mean age=66.7 years; eight women and
four men). Finally, 10 people (mean age=67.3
years; six women and four men) participated in the
control group .

Interventions

The resistance exercise groups exercised for 3 days
a week, on non-consecutive days, for 12 weeks.
Warm-up, for 10 minutes, included cycling at 50%
of maximum heart rate and stretching of the major
upper (major/minor pectoralis, thoracic, rotator cuff,
biceps and triceps) and lower (quadriceps, ham-
strings and adductors) muscle groups (Frontera et
al, 1988; Judge et al, 1993; Brandon et al, 2000).
Resistance exercise included exercises on six uni-
versal machines for the major muscles of upper and
lower body, namely:

B [ eg extension

B Chest press

B Legcurl

B Laussimus pull-down

B Arm curls

M Triceps extension.

After the resistance exercises, participants per-
formed abdominal crunches and low back exercises
(three sets of 12 repetitions for weeks 1-6 and three
sets of 20 repetitions for weeks 7-12). The one-rep-
etition maximum (1-RM) on each resistance exer-
cise was measured at the beginning of every week
until the exercise period was completed.

By the beginning of the first week, the partici-
pants of HRE performed three sets of eight repeti-
tions at 80% of 1-RM and remained at this level
until the end of the exercise period (Frontera et al,
1988). The participants of MRE performed three
sets of 15 repetitions at 60% of 1-RM and contin-
ued at the same intensity until the end of the exer-
cise period. Before the start of the exercise period,
all the participants performed three resistance ses-
sions with no or little resistance. These sessions
familiarized them with the equipment and the
proper exercise techniques and controlled for the
large increases in strength measurements during the
initial phases of exercise (Hurley et al, 1994).

At the end of each exercise session, there was a 5-
minute cool-down where the participants cycled at
40% of maximum heart rate. The control group did
not exercise but participated only in the measure-
ment procedures.

Measurements

All measurements took place the week before the
exercise programme started (pre-test) and the week
after the end of the programme (post-test).

Muscle strength: The muscle strength of the lower
body was assessed by 1-RM. The maximal weight
that could be lifted for one repetition only was used
as the measure of dynamic concentric muscle
strength 1-RM for knee extension and flexion
(r=0.95) (Kalapotharakos et al, 2004),

6-minute walk: The 6-minute walk has been shown
to be a valid, reliable, simple and safe measure for
assessing the functional exercise capacity for the
evaluation of an intervention programme in patients
with cardiovascular pulmonary diseases (Swisher
and Goldfarb, 1998) and older adults (Lord and
Menz, 2002). The 6-minute walk test measured the
distance (in metres) the participants could walk as
quickly as they could during the allotted time. The
test was performed in the indoor facilities of the
department. Conditions under which the test took
place were kept constant for both pre-exercise and
post-exercise testing. During the application of the
test, the supervisor (blinded to the subject’s group)
walked nearly 2 m behind the participant as to avoid
influencing the subject’s self-selected walking pace
{Lord and Menz, 2002). Resting stops were allowed
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and participants were given standardized
encouragement every 30 s. The time remaining was
called every 2 mins and the supervisor stopped the
participant when the 6 mins had finished (Lord and
Menz, 2002).

Whole body reaction time: This was assessed by
the Whole Body Reaction Timer (Takei Instruments,
Japan). Participants, standing on a pair of pedals,
had to react to one of four visual stimuli presented
on a vertical screen that was adjusted to eye level.
The stimuli were arrows indicating randomly
forward, backward, left or right and were presented
according to the testing protocol. Participants
underwent four trials, in order to familiarize
themselves with the test (one for each direction),
followed by 16 test trials (Zisi et al, 2001). The
whole body reaction time was recorded in seconds
on the elapsed time between stimulus presentations
and first peddle release. Cronbach’s alpha
coefficient for the 16 test trials was 0.85.

Static balance: Static balance was assessed using
the one-leg stance test, which has been shown to be
a useful measure of static balance in studies with
older adults (Wolfson et al, 1995; Rooks et al, 1997).
Each participant was asked to stand on the non-
dominant leg, then to raise the other leg
approximately 2 inches above ground, with the eyes
open (Hu and Woollacott, 1994). The supervisor
recorded the time (in seconds) from the instant the
participant lifted the dominant foot until the raised
foot touched the floor. Participants performed three
trials for the non-dominant foot and the longest time
was recorded.

Statistical analysis

Dependent variables 1n the present study were 1-
RM lower body strength, 6-minute walk distance,
whole body reaction time and one-leg stance time.
Before the analysis, the distribution of the data
was examined. Homogeneity and normality tests
provided evidence for the normal distribution of
the data.

A one-way analysis of variance was used ini-
tially, to examine if there were any differences
among the three groups in the initial measurement
values of each dependent variable, Further, a mul-

TABLE 1.

Physical characteristics of participants and physical activity levels according to the Baecke questionnaire
for older adults (mean=standard deviation)

tivariate analysis of variance with repeated mea-
sures was conducted to examine any differences
between time points (within each group) and
between intervention (between groups) in the
dependent variables.

Finally, a one-way analysis of variance was
applied to examine the relative differences from
pre- to post-exercise measurements. When F-values
were significant, post-hoc comparisons of means
were performed with the Scheffe’s multiple compar-
ison test. Pearson’s correlation coefficient was used
to express the relationship between measurements
of interest. Statistical significance was accepted at
P <0.05.

RESULTS

Baseline characteristics

The attendance rate was 98.5% for the 12-week pro-
gramme in the 33 participants who completed the
study. Table I shows the baseline physical character-
istics and physical activity levels of the experimental
and control groups. No significant differences were
found for the physical characteristics, physical activ-
ity levels and all pre-exercise values of 1-RM
strength of lower body strength, 6-minute walk dis-
tance, reaction time and one-leg stance time between
the HRE, MRE and control groups.

Outcome measurements )
Table 2 presents the pre- and post-exercise values
for the 1-RM lower body strength, 6-minute walk
test, whole body reaction time and one-leg stance
time in the three groups. MANOVA repeated mea-
sures (2 x 3) revealed significant interaction
between the factors measure x group in 1-RM
strength of the lower body body (F,1,=89.548,
P<0.001); 6-minute walk distance (F,3,=71091,
P<0.001); whole body reaction time (F,1,58655,
P =0.001); and one-leg stance time (F,,=16.631,
P <0.001). Further, Scheffe’s tests were conducted
to determine pre- and post-differences in each
group (Table 2).
A one-way ANOVA revealed that the HRE and

MRE groups improved significantly for all variables
(6-minute walk test, whole body reaction time and
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one-leg stance time) when compared to the control
group (P <0.05) (Figures 1-3). The HRE was more
effective in increasing the 1-RM lower body strength
when compared to MRE (P <0.001) and to the con-
trol (P<0.001) and MRE was more effective when
compared to the control (P <0.001) (Figure 4).

A significant relationship was found between the
change in 1-RM strength of lower body and the
change in 6-minute walk test performance (r=0.715,
P <0.001) for all participants,

DISCUSSION

The results of this study indicate that both the HRE
and MRE programmes improved functional perfor-
mance (as measured by the 6-minute walk test,
whole body reaction time and static balance) in
healthy inactive older adults. It is important to note
that the study design included healthy participants
with low physical activity and strength levels accord-
ing to the physical activity questionnaire and base-
line strength values. Baseline levels of the above
variables allowed further improvements in functional
and neuromotor performance with a resistance exer-
cise programme in inactive older adults.

The performance of a 6-minute walk test is a gen-
eral indicator of physical performance and mobility
in populations of older adults (Lord and Menz,
2002). According to the findings of this study, a 12-
week resistance exercise programme, with high and
moderate intensity, produced significant improve-
ments in the 6-minute walk performance in older
adults. The average improvement in the 6-minute
walk test was 27% and 31% for the HRE and MRE
groups respectively. These findings are comparable
with previous studies (Ades et al, 1996, 2003;
Cavani et al, 2001).

An additional important finding of this study was
the presence of a significant correlation between the
change in 1-RM strength of the lower limbs and the
change in 6-minute walk performance. Ades et al
(1996) reported a significant relationship between
the change in leg strength and the change in walk-
ing endurance. Although there were significant dif-
ferences in the effectiveness of 1-RM strength of
the lower body between the two experimental
groups, there were no significant differences in the
effectiveness in the 6-minute walk performance
among the exercise groups. Perhaps this was
because of the existence of muscle thresholds
and/or the duration of the exercise programme.

Whole body reaction time is a task with
increased attentiveness demands (Zisi et al, 2001).
Both the HRE and MRE groups improved their
whole body reaction time. Previous studies
reported similar results following a 4-choice reac-
tion task (Hassmen et al, 1992) and a 2-choice

TABLE 2.
Pre- and post-exercise measurements on 6-minute walk test, whole body
reaction time and one-leg stance time (meanzstandard deviation)

rences between pre- and post-

Figure 1. Changes (%] in 6-minute walk distance ofter the exercise penod in the three groups
{mean +standard deviation}. 6 MWD =6-minute walk distance; HRE=high resistance exercise;
MRE =moderate resistance exercise; C=control: "P <0.01 significant differences between HRE
and C groups; #P <0.01 significant differences between MRE and C groups.

Figure 2. Changes (%] in whole body reaction time affer the exercise period in the three groups
{mean +standard deviation). WBRT=whole bady reaction time; HRE=high resistance exercise;
MRE =moderate resistance exercise; C=control; "P <0.01 significant differences between HKE
and € groups, #p <0.01 sagmﬁccmr differences behveen MRE and C gmups
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Figure 3. Changes (%] in one
leg skance time affer the
exercise penod in the three
groups (mean +standard
deviation). OLST=one leg
stance time; HRE=high
resisfance exercise group;
MRE =moderute resistance
exercise group; C=confrol
group; P <0.01 significant
differences between HRE
and C groups; #P <0.01
significant differences
between MRE and C groups.

reaction task (Lord et al, 1995; Rooks et al, 1997)
in using various programmes of exercise. The
improvement of reaction time in older people
through physical activity may be attributed to cen-
tral processing in the pre-motor component, which
suggests larger gains in cognitive processes
involved in decision making (MacRae et al, 1996).
Muscle weakness may also be a factor in balance
dysfunction (Woollacott and Shumway-Cook,
1990). One-leg stance time 1s one of the most com-
monly used measures of balance and is correlated
with other measures of physical performance
(Wolfson et al, 1995). According to the findings of
this study, strength played an important role in the
enhancement of static balance in healthy older adults
with low physical activity and strength levels. Both
resistance exercise groups significantly improved the
one-leg stance time on the non-dominant leg.
Previous studies have shown that an exercise pro-

Figure 4. Changes (%] in 1-RM lower body strength affer the exercise period in the three groups
[mean £ standard deviation). HRE=high resistance exercise group; MRE=moderate resistance exercise
group; C=control group; P <0.01 significant differences between HRE and C groups; #P <0.01
significant differences between HRE and MRE groups; 1P <0.01 significant differences between MRE

ond C groups.

gramme might enhance static balance (Wolfson et
al, 1995; Rooks et al, 1997). One possible reason for
the positive effect of resistance exercise on one-leg
stance time was better neuromuscular control and
synergy between the muscles; an effect that resulted
from both resistance training programmes. A previ-
ous study reported that strength gains in hip abduc-
tor muscles led to better pelvic control of body
weight during one-leg standing (Judge et al, 1993).

This study has provided information on the
effectiveness of a high- and a moderate-resistance
exercise programme in functional and neuromotor
performance. Similar improvements were observed
in the 6-minute walk test, whole body reaction time
and one-leg stance time between the HRE and
MRE groups after the exercise period. A previous
study showed similar results (Vincent et al, 2002).
Perhaps this is a result of the existence of minimum
thresholds in muscle strength of lower limbs,
required for the effective completion of functional
performance tests (Buchner and de Lateur, 1991).
It was also noticed that the absolute difference in
the weight being lifted between the two intensities
was small and the programme was of short dura-
tion. It is not known what differences in functional
and neuromotor performance would be presented
after long duration between the two intensities.

In conclusion, the findings indicate that a short
high- or moderate-resistance exercise programme
improved the functional performance, whole body
reaction time and static balance in inactive older
adults. This suggests that resistance exercise is an
effective intervention to prevent reduction of func-
tional capacity and disability in older adults. Future
studies need to evaluate the long-term effects of
resistance exercise with different intensities in older
adults.
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