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ABSTRACT. Harris, C., M. DeBeliso, T.A. Spitzer-Gibson, and
K.J. Adams. The effect of resistance-intensity on strength-gain
response in the older adult. J. Strength Cond. Res. 18(4):000–
000. 2004.—This study examined how training intensity affects
strength gains in older adults over an 18-week training period
using nonperiodized, progressive resistance-training protocols.
Untrained men and women participants were separated into 4
groups: group A (n 5 17, 71.4 6 4.6 years) performed 2 sets of
15 repetitions maximum (RM), group B (n 5 13, 71.5 6 5.2
years) performed 3 sets of 9 RM, group C (n 5 17, 69.4 6 4.4
years) performed 4 sets of 6 RM, group D (n 5 14, 72.3 6 5.9
years) served as controls. Training groups exercised 2 days/week
performing 8 resistance exercises. Except for training intensity,
the acute program variables were equated between groups. A
1RM for 8 exercises was obtained every 6 weeks. The total of
1RM for the 8 exercises served as the dependent variable. Re-
sults: repeated measures analysis of variance (ANOVA) and
Scheffe post hoc revealed that, at 6 weeks, only groups B and C
were significantly stronger than group D (p , 0.01). By weeks
12 and 18, all training groups were significantly stronger than
controls (p , 0.01). However, no difference existed between
groups A, B, and C at any time. The data suggests that, for
protocols with equated acute program variables, strength gain
is similar over 18 weeks for training intensities ranging from 6
to 15 RM in previously untrained older adults. When program-
ming nonperiodized, progressive resistance exercise for novice
senior lifters, in the initial phases of the program, a wide range
of intensities may be employed with similar strength gain.
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INTRODUCTION

T
he process of aging is associated with declines
in both physiological and psychological function
that leads to onset of chronic illness or morbid-
ity (15) and inability of the older adult to main-

tain basic activities of daily living (ADLs) (17). Older
adults who are unable to perform 1 or more ADLs are at
greater risk of losing functional independence, falling,
and are often in need of personal assistance (22). In order
to reduce morbidity, lower health-care costs, and improve
quality of life for older adults, preventative and thera-
peutic programs are needed (2). While aerobic exercise
helps to prevent chronic illnesses such as cardiovascular
disease, resistance training, by increasing muscular fit-
ness, has been found to be the primary intervention meth-
od for improving and maintaining functional indepen-
dence of the elderly (5). However, despite a number of
published guidelines for resistance training of older
adults (2, 3, 8, 10), the mode, frequency, volume, and in-
tensity of resistance training required to optimize mus-
cular strength gains are still unclear (1, 2, 3, 13, 19, 29).

Strength increases for older adults have been docu-

mented for resistance-training intensities ranging from
50–100% of 1RM (repetition maximum) (1, 11, 19, 30),
performed for 1–3 sets per exercise (1, 19, 33), at a fre-
quency of 1–3 times per week (20, 28) on machines and
free weights (1, 11, 30), with protocol durations of 8 weeks
to 1 year (7, 9, 11, 16, 24, 28, 32). Within this robustly
effective range of resistance-training stimulus, there is
likely some optimal combination of resistance-training
program variables that will elicit maximal strength gains
in older adults. Additional studies specific to older adults
are needed to better define the effect of manipulating key
program variables (e.g., intensity) on outcomes (3, 12, 13,
14, 29).

Intensity (or load), some would argue, may be the
most critical variable in resistance-training program de-
sign (21). Variation in intensity (i.e., using the RM con-
tinuum) allows the individual to target specific training
outcomes, such as muscular strength, power, or endur-
ance (14, 21). To increase strength in untrained individ-
uals, training intensity is typically kept moderate (;60–
80% of 1RM) at first, progressing to high (;80–90% of
1RM) over time (3, 14, 20, 25), with emphasis on high-
intensity training (;80–100% of 1RM) in experienced in-
dividuals. Surprisingly, however, Hunter and Treuth (19)
reported a negative correlation between training inten-
sity and increases in strength in sedentary older women.
However, no difference in strength gains were found by
Vincent et al. (30) in previously untrained older adults
performing 1 set at 50% or 80% of 1RM 3 times per week
for 6 months. In agreement, Hunter et al. (20) recently
found no difference in strength after 6 months of training
with either a nonlinear periodized resistance program (3
days per week at 50%, 65%, and 80% of 1RM) or a non-
varied resistance program (3 days per week at 80% of
1RM) in untrained older adults.

These studies suggest that, in previously untrained
older adults, variations in training intensity (load) may
not be the dominating acute program variable controlling
strength gains in periods of resistance training less than
6 months. However, only 1 of the studies equated training
volume between groups and this was done with a single
set design (30). Thus, the effect of intensity on strength
gain in the older adult using a multiple set training sys-
tem and equated acute program variables is still in ques-
tion. The failure of intensity to be the mediating acute
program variable may have been due to differences in the
overall work performed by the participants. By control-
ling the volume of work performed, the true effects of in-
tensity can be assessed. Therefore, the purpose of this
study was to assess the effects of 3 different weight-train-
ing intensities on strength gain in the older adult. Train-
ing volume was equated across intensities, allowing for
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determination of the effects of intensity on strength rath-
er than the influence of total program volume.

METHODS

Experimental Approach to the Problem

To examine the effects of training intensity on strength
gain in the previously untrained older adult, this study
used nonperiodized, 18-week progressive resistance-
training protocols with 3 experimental groups and a con-
trol. The experimental groups’ resistance-training stress
was designed with the purpose of controlling the acute
program variables (i.e., mode, exercise choice, exercise or-
der, training frequency, and rest) and manipulating in-
tensity only. All participants performed the same exercis-
es on the same machines in the same order. Training fre-
quency (days per week) was the same, and rest was stan-
dardized at 2–3 minutes between work sets. Training
volume (total repetitions 3 relative load) was equated as
well. The same trainers supervised all training sessions
and increased resistance for the individual subject as
needed to maintain the appropriate training stress (rep-
etitions). Strength was measured at study initiation, 6
weeks, 12 weeks, and 18 weeks. Therefore, the study em-
ployed a 4 (groups) 3 4 (times) between-/within-subjects
design.

Participants

Participants (n 5 76) included both men (n 5 34) and
women (n 5 42) in their 7th, 8th, or 9th decade of life,
mean age 71.2 6 5.1 years (age range 5 61–85 years).
Recruitment strategies included public announcements,
flyers, and word of mouth. Volunteers were independent
and community dwelling with no previous background in
resistance training. Participants were allowed to main-
tain any recreational activities they were currently in-
volved in, but were instructed to avoid any new activities
with an inherent resistance-training-like component. Par-
ticipants were considered healthy, as their personal phy-
sicians cleared them for inclusion in the study. Addition-
ally, participants were required to sign an informed-con-
sent form approved by a University Review Board for the
use of human subjects.

Initial Testing Protocol

Prior to the study initiation, participants were instructed
in proper execution of each exercise and appropriate
breathing patterns in order to minimize cardiovascular
stress (10). Participants were provided 2 training sessions
to familiarize themselves with the lifts. During a third
session, a 1RM was assessed and recorded for each ex-
ercise using established methods described elsewhere (1,
19, 20). Reliability assessment for 1RMs collected in this
manner range from 0.95 to 0.99 (19). Participants were
matched for strength, then randomly assigned into 4
groups: nonvaried repetitions with 2 sets of 15 repetitions
(group A), n 5 19; nonvaried repetitions with 3 sets of 9
repetitions (group B), n 5 18; nonvaried repetitions with
4 sets of 6 repetitions (group C), n 5 18; and group D
(control), n 5 21. Each group included men and women;
mean age in years per group: group A (71.4 6 4.6), group
B (71.5 6 5.2), group C (69.4 6 4.4), and group D (72.3
6 5.9).

Resistance-Training Prescription

Training sessions commenced with 5–10 minutes of light
cardiovascular activities (stationary cycling, rowing,
stairmaster, treadmill walking) followed by light stretch-
ing. Warm-up sets were conducted in a progressive na-
ture for each exercise prior to execution of the work sets.
Participants were allowed 2–3 minutes between work sets
but were permitted to execute warm-up sets with shorter
rest periods of 1–2 minutes. Resistance-exercise selection
targeted both concentric and eccentric muscle actions of
major muscle groups used in ADLs. Exercise groups per-
formed all of the following exercises twice per week for
18 weeks: knee extensions (Flex Leg Extension), leg press
(Flex Thighsolator), leg curl (Flex Leg Curl), biceps curl
(Flex Multi-station), triceps extension (Flex Multi-sta-
tion), lat pull down (Flex Multi-station), shoulder press
(Flex Military Press), and seated bench press (Flex Ver-
tical Bench Press). Exercises were executed on machines
manufactured by Flex Equipment Inc. (Murrieta, CA). No
free-weight movements were employed. All training and
testing sessions were performed in the same facility. Re-
sistance and repetitions used in the work sets for each
exercise were recorded in a training log and served as a
memory cue for participants. Training sessions lasted ap-
proximately 1 hour and were supervised by qualified
trainers to assure proper technique and to minimize the
risk of injury. Trainers provided spotting, verbal encour-
agement, technique tips, and maintained training logs for
each training session.

The exercise protocols (frequency, sets, repetitions, ex-
ercise selection, rest intervals) were designed in accor-
dance with published guidelines for resistance training of
older adults (8, 10, 12, 21). Exercise group A performed 2
work sets of a 15RM per exercise throughout the 18-week
study. Group B performed 3 work sets of a 9RM per ex-
ercise throughout the 18-week study. Group C performed
4 work sets of a 6RM per exercise throughout the 18-week
study.

Resistance (load) was increased progressively
throughout the 18-week study for all exercise groups. Re-
sistance was increased by the trainer in 2.5-, 5-, or 10-
pound increments relative to the specific exercise (i.e., bi-
ceps curl would have a smaller absolute increase than leg
press) when a participant could complete all scheduled
sets and repetitions at a given resistance (pounds) for 2
consecutive training sessions. The progressive increase in
resistance stimulus for the exercise groups accommodat-
ed adaptations in the participants’ strength levels as the
study progressed.

In order to isolate the effects of manipulating training
intensity on strength, the acute program variables were
equated between all the exercise groups. Mode, exercise
choice, exercise order, training frequency (days per week),
and rest between sets were identical between groups. To-
tal training volume was equated as well. Training volume
per exercise was defined as total repetitions 3 relative
load as a percent of 1RM. The relative load was estab-
lished from initial 1RM data. Total volume per exercise
per sessions for each exercise group was calculated as fol-
lows: group A, 30 repetitions 3 0.67 (67% of 1RM) 5
20.10; group B, 27 repetitions 3 0.75 (75% of 1RM) 5
20.25; group C, 24 repetitions 3 0.84 (84% of 1RM) 5
20.16.
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TABLE 1. Pretraining participant characteristics (sets 3 repetitions).

2 3 15
M (SD) (n 5 19)

3 3 9
M (SD) (n 5 18)

4 3 6
M (SD) (n 5 18)

Control
M (SD) (n 5 21)

p
(F-test)

Age (years)
Weight (pounds)
Height (inches)

71.4 (4.6)
165.6 (35.3)
65.8 (4.0)

71.5 (5.2)
159.6 (52.6)
65.7 (3.6)

69.4 (4.4)
166.7 (32.4)
65.3 (3.1)

72.3 (5.9)
171.1 (39.5)
66.1 (4.4)

0.31
0.85
0.93

TABLE 2. Post 18 weeks of training participant characteristics (sets 3 repetitions).

2 3 15
M (SD) (n 5 17)

3 3 9
M (SD) (n 5 13)

4 3 6
M (SD) (n 5 17)

Control
M (SD) (n 5 14)

p
(F-test)

Age (years)
Weight (pounds)
Height (inches)

71.4 (4.8)
166.2 (35.5)
65.9 (4.3)

71.2 (5.4)
154.9 (31.9)
65.1 (3.5)

69.4 (4.5)
165.2 (32.7)
65.0 (3.1)

72.1 (5.6)
163.6 (31.0)
64.9 (3.5)

0.45
0.78
0.87

FIGURE 1. Comparison of training intensity for the total of 1
repetition max (1RM; mean, SE) for 8 exercises in older
adults.

TABLE 3. Effects of resistance-training intensity on upper- and lower-body 1 repetition maximum in older adults (pounds) following
18 weeks of training.

2 3 15, n 5 17

Pre

M SD

Post

M SD %D

3 3 9, n 5 13

Pre

M SD

Post

M SD %D

4 3 6, n 5 17

Pre

M SD

Post

M SD %D

Lower-body total
Upper-body total

302
335

126
129

491
425

184
156

63
27

328
352

102
89

538
486

158
141

64
38

314
345

111
131

507
482

141
180

61
40

Follow-Up Testing

At 6-weeks, 12-weeks, and at the completion of the 18-
week study, all 4 groups were again tested for a 1RM for
each exercise (i.e., posttest) with identical procedures and
similar time of day as the pretest. If participants missed
greater then 5 training sessions over the course of the
study, their data were excluded from the results.

Statistical Analyses

Data were analyzed using Statview I (Abacus Concepts,
Inc., Berkeley, CA) statistical software. A repeated mea-
sures analysis of variance (ANOVA) was used to deter-
mine changes in strength over time and an ANOVA was
used to compare groups at baseline, 6 weeks, 12 weeks,
and the completion of the study, when appropriate. As-
suming an effect size of 1.25 standard deviations to be
noteworthy, 80% power can be approached (a 5 0.05)
with 11 participants per group. This study had a mini-
mum of 13 participants per group at the completion of
the study.

RESULTS

There was a collective 85.4% adherence rate for training
and posttesting in the exercise groups and a 66.7% post-
testing adherence rate for the control group. The primary
reasons for participant noncompliance included time con-
flicts arising from starting a new job/project, taking an
unplanned vacation, or loss of interest. No injuries oc-
curred during the 18-week training period. Participant
characteristics are listed in Tables 1 and 2. Age, height,
and weight of the subjects were similar for each group.
The data presented in Table 1 were collected at the ini-
tiation of the study, and Table 2 data represent only those
participants that adhered to the training protocol and
posttesting.

The total of 1RM for the 8 exercises was considered
indicative of total body strength and was used as the de-
pendent variable to determine which training protocol
was most beneficial in terms of increasing strength in old-
er adults. No baseline differences were detected for total
body strength between the 4 groups (p . 0.05) (Figure 1).
Pre, 6-week, 12-week, and 18-week strength totals are il-
lustrated in Figure 1. The control group demonstrated no
significant change (p . 0.05) in 1RM total score over the
course of the study. At 6 weeks, groups B (3 3 9) and C
(4 3 6) were significantly stronger than the control group
(p , 0.01). By weeks 12 and 18, all exercise groups were
significantly stronger than controls (p , 0.01). However,
there was no significant difference in strength between
the three exercise groups (p . 0.05) at week 18.

The 1RM for knee extension, leg press, and leg curl
was considered representative of lower-body strength.
Likewise, the 1RM for biceps curl, triceps extension, lat
pull down, shoulder press, and bench press represented
upper-body strength. Lower-body strength increased to a
greater degree than upper-body strength for all exercise
groups (Table 3).
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DISCUSSION

The major aim of this study was to assess the effects of
training intensity on strength gain in previously un-
trained older adults using nonperiodized, 18-week, pro-
gressive resistance-training programs. This was accom-
plished by experimentally equating the other acute pro-
gram variables (i.e., mode, exercise choice, exercise order,
training frequency, and rest) across the training groups.
Our results indicate that over 18 weeks of training, in
novice senior lifters, training intensities between 15RM
and 6RM produce similar increases in strength. Over the
18-week training period, groups A, B, and C demonstrat-
ed a 44, 51, and 50% increase in strength, respectively,
as measured by the total of 1RMs for 8 exercises. All
training groups increased strength significantly as com-
pared with the control group by week 12, but were not
significantly different from each other. The overall per-
centage increase in strength measured in this study com-
pares favorably with the 36–60% strength gain from pre-
vious studies (7, 18, 24, 28, 32). Lower-body strength in-
creased to a greater degree (63%) than upper-body
strength (35%). This regional pattern of relative strength
gain is consistent with previous findings (18, 28). Age-
related losses in strength occur in the lower body prior to
the upper body (4, 10, 32). Hence, there could be a larger
potential for strength gain in the lower body. This could
explain the regional pattern of strength gains observed
in this and previous studies (18, 28). However, directly
comparing percentage gain between the various resis-
tance-training studies in older adults is difficult. The
1RM testing methods and modes; muscle groups tested;
initial training status of subjects; the intensity, volume,
and frequency of training protocols; equipment used (ma-
chines vs. free weights); and personalized attention to
participants all affect outcomes (1).

At week 6, only the 2 higher intensity groups dem-
onstrated a significantly greater increase in strength as
compared with the control group. Initial increases in
strength are largely a neurally mediated effect (26). The
greater increase in strength demonstrated at the 6-week
measurement period may have been due to groups B and
C having trained at an intensity that demanded a greater
neural input. Weiss, Coney, and Clark (31) support this
contention. In their study, novice college-aged subjects
trained for 7 weeks at intensities of either 3–5 RM, 13–
15 RM, or 23–25 RM. Although volume was not equated
among groups, the 3–5-RM group demonstrated signifi-
cantly greater gains in strength than the 23–25-RM
group. Also, the 3–5 RM group experienced larger
strength gains compared with the 13–15-RM group. How-
ever, those gains were not statistically significant.

Studies assessing the influence of resistance-training
intensity on strength gain in older adults are limited.
Further, it is difficult to make direct comparisons with
other studies, as the potential combinations of the acute
program variables make comparisons difficult. In regard
to the effects of intensity on strength gain, the present
study failed to support the data of Hunter and Treuth
(19). In their study, 60–77-year-old sedentary women
trained 3 times per week for 16 weeks, with subjects per-
forming 2 sets of 12 repetitions on 10 machine exercises
at intensities ranging between 50% and 80% of 1RM.
When comparing the percentage RM used during the last
2 weeks of the study, the authors found that subjects who

trained at a lower intensity (50–60% of 1RM) increased
strength more than those training at a higher intensity
(70–80% of 1RM).

Our results do concur with later studies by Hunter et
al. (18, 20). In those investigations, male and female older
adults (61–77 years) with no prior resistance-training ex-
perience trained for 25 weeks at either 80% of 1RM each
day (i.e., nonvaried RM), or 50, 65, and 80% of 1RM, re-
spectively, for the 3 training days of the week (i.e., non-
linear periodization). No difference in strength increase
between the constant-intensity and the variable-intensity
groups was reported. Of note, when comparing the Hunt-
er et al. studies to the current investigation, volume as
measured by repetitions was equal between groups in the
Hunter et al. programs; however, volume load (repetitions
3 percentage 1RM) was 20% greater in the group that
trained at 80% of 1RM throughout the study. Thus, it
appears that, with older adult novice lifters, a wide range
of intensities either applied nonvariaby or variably will
elicit similar strength gains.

Vincent et al. (30) controlled training volume between
2 groups of older adults (60–83 years) who trained at ei-
ther 50% of 1RM for 1 set of 13 repetitions or 80% of 1RM
for 1 set of 8 repetitions, 3 times a week for 24 weeks. As
with our study, a total strength score was obtained from
8 different machine-based exercises. The common finding
in these studies is that, in untrained older adults, both
low- and high-intensity machine-based resistance-train-
ing programs are effective at increasing maximum
strength in studies lasting 6 months or less. However,
large differences in the levels of strength increase oc-
curred between the 2 studies. The Vincent et al. group
reported an increase in 1RM strength of just over 17% for
both groups over the 6-month training program. Subjects
in the current study increased 1RM strength between 44
and 51% in 18 weeks of training. Variance in training
volume could explain the differences in strength increases
between the 2 studies. The volume for the current study
was over 50% greater than that employed by Vincent et
al. (30), as multiple sets were employed in our investi-
gation, while a single-set paradigm was used by the other
researchers.

Of interest, young male subjects using a 2RM, 6RM,
or a 10RM load demonstrated that the strength gains
over a 9-week training period were independent of inten-
sity (6). Similarly, O’Shea (23) reported no difference in
strength improvement with the application of either a
2RM, 5RM, or 10RM training load. Stone and Coulter (27)
report similar results relative to an independence of
training intensity and strength gain in college-age women
in beginning weight training programs of low- (1 set of
30–40 RM), medium- (2 sets of 15–20 RM), and high-in-
tensity (3 sets of 6–8 RM), who trained for 9 weeks. The
authors report a trend toward increased strength in the
high-intensity group; however, the difference was not sig-
nificant. In the above studies, no attempt was made to
equate training volume between the groups. In studies
where the issue of variance in training volume was ad-
dressed, albeit in a gross nature, strength gain was sim-
ilar for groups training at different intensities for 9
weeks. Withers (33) had subjects exercise at 3RM, 5RM,
or 7RM and found significant increases in strength for all
groups but no between-group differences.

While no differences in strength gain were detected
between the training groups, it should not be concluded
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that training intensity did not affect other physiologic pa-
rameters. Specifically, bone density increases in relation
to the load encountered. It should be noted that, while
this study did not measure bone mass, it is possible that
the higher intensity training groups experienced an in-
crease in bone mass or at least impeded the rate loss of
bone that occurs with aging (14). Further, enhanced func-
tional ability in activities of daily living is another key
outcome not measured in this study. Hunter et al. (20)
found an improved ability to perform a carrying task in
older adults who performed nonlinear, periodized resis-
tance training vs. a nonvaried (80% of 1RM) resistance-
training program.

A possible limitation of this study is lack of training
variation over the 18-week study. A periodized protocol
that could have allowed variation of training intensity
and volume may have allowed a greater strength expres-
sion following periods of higher training intensity. Future
strength-training studies in the senior population should
explore periodized training protocols wherein the optimal
combination of acute training variables will likely be
identified.

Participants in the current study tolerated the resis-
tance training well, with nothing more than occasional
light muscle soreness. No adverse events occurred during
this study. While no formal surveys were collected, it was
evident that most participants were highly motivated and
enthusiastic about their inclusion in the study and ex-
pressed interest in participating in future studies. Partic-
ipants also appeared to enjoy the social interaction with
their peers during the training sessions. This enthusias-
tic, motivated, and positive response by the study mem-
bers fits within the concept that physical activity, includ-
ing resistance training, is related to healthy psychological
function (2, 3).

In conclusion, this study demonstrated no difference
in strength improvement between previously untrained
older adults who used nonvaried RM training intensities
of 15–6 RM in progressive, 18-week, nonperiodized train-
ing protocols. This study equated the acute program var-
iables, including training volume, between 3 training in-
tensity groups. By equating the acute program variables
of training, a clear assessment of intensity effects was
possible. Our results with nonvaried RM training in older
adults adds to the suggestions that complex manipula-
tions of training intensity within an RM continuum are
not necessary in the short term when targeting strength
increases in sedentary older adults. Further investigation
of the complex relationship of acute resistance-training
program variables within a periodized plan are needed to
determine the most robust combination to optimize gains
in the older adult.

PRACTICAL APPLICATION

Resistance training in the older adult is a primary inter-
vention method for improving muscular strength and
maintaining functional independence of the elderly. The
heightened awareness of the importance of muscular
strength has resulted in growing participation in strength
training among the older adult population. To ensure
proper application of acute program variables and en-
hance training effects, identification of optimal training
intensities is needed. We have reported that, when simi-
lar training volumes are used in a nonperiodized, pro-
gressive resistance-training program, intensity between

15 RM and 6 RM are equally effective at eliciting strength
gain over an 18-week period in previously untrained se-
niors. Therefore, when programming nonperiodized,
short-term resistance exercise for novice senior lifters, a
wide range of intensities may be employed with similar
affect on strength gain. This allows for variety in inten-
sity, which may positively affect participant enjoyment,
thereby fostering exercise adherence.
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