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OBJECTIVES: This paper describes a videotaped, home-
based, strength training program, titled Strong-for-Life and
reports on its effectiveness in improving muscle strength,
psychological well-being, and health status in a sample of
older persons.

DESIGN AND SETTING: We enrolled 102 nondisabled,
community-dwelling older people aged 66 to 87, identified
from the Medicare beneficiary list, into a randomized, con-
trolled trial.

MEASUREMENTS: Effectiveness was based on change in
isokinetic upper and lower extremity muscle strength, psy-
chologic well-being, and health status,

RESULTS: Results revealed several statistically significant
short-term benefits after 12 to 15 weeks of exercise, especially
for men. Younger older adults demonstrated a 10% improve-
ment in knee extensor strength relative to control subjects.
Older male exercisers achieved significant differences relative
to controls in perceived anger, tension, and overall social
functioning, Male exercisets, in general, achieved significant
improvement in perceived vigor. Women did not report psy-
chological benefits following participation in the program.

CONCLUSION: Study results reveal that the Strong for Life
program, designed to be widely disseminated to the nondis-
abled older population, has many short-term positive bene-
fits. J Am Geriatr Soc 44:644-649, 1996.
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everal exercise studies throughout the past 15 years have

demonstrated the many positive benefits of enhancing
levels of physical activity in older persons.’'! Typically,
however, these earlier exercise trials in older samples have
been conducted with small numbers of highly selected indi-
viduals who have participated in supervised training pro-
grams conducted in laboratory or clinical facilities. Although
they provide the literature with important results regarding
the efficacy of exercise in older persons, they tell us little
about the feasibility and effectiveness of enhancing physical
activity levels among older persons under more representa-
tive circumstances.”® Given that the vast majority of older
adults engage in no regular physical exercise,'? feasible and
effective exercise intervention strategies are needed that can
be widely disseminated to the older population in need of
increased activity.

The purpose of this paper is to describe an in-home
strength training strategy, called Strong-for-Life, which is
designed specifically for older persons, and to report on its
effectiveness in a community-dwelling sample of nondisabled
persons 65 years of age and older. Specifically, we hypothe-
sized that community-dwelling, nondisabled, older persons
would perform the Strong-for-Life program regulatly and
that regular strength training of this nature would result in
increased upper and lower extremity strength, enhanced psy-
chological well-being, and measurable improvements in over-
all health status,

METHODS
Subjects and Recruitment

The target population for this field trial was nondisabled,
community-dwelling persons aged 65 years and older, The
sampling frame consisted of a random sample of Medicare
beneficiaries aged 65 and older residing in communities of
Boston and East Cambridge, Massachusetts, Exclusion crite-
ria, based on history, were: significant coronary artery dis-
ease, angina, congestive heart failure, a myocardial infarc-
tion, cardiac surgery, or significant or new onset rhythm
disturbance; neurological disorders with resicual deficit; re-
nal failure requiring dialysis; recent cancer with active che-
motherapy or radiation treatment; uncontrolled hyperten-
sion, diabetes, or seizure disorders; recent fracture; legal
blindness; major mobility limitations. All subjects received
written clearance from their primary care physician, who
documented no contraindications for strength training. In
addition, subjects passed an exercise safety evaluation that
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consisted of an assessment of resting heart rate and blood
pressure and a treadmill exercise tolerance test using a mod-
ified Bruce protocol, as well as physiologic responses to
isokinetic exercise. Persons were excluded if resting heart rate
was greater than 120 bpm, resting systolic/diastolic blood
pressure was greater than 165/100 or less than 80/50, or if
they failed the exercise tolerance tests. As the final criteria for
participation in the study, subjects had to be English speaking
and had to have access to a videotape player (VCR) or be
willing and able to use one provided by the project.

In total, we attempted to reach 2554 names from the
sampling frame. Of these, 711 {27.8%) could not be reached
either by telephone, by mail, or through a proxy. Of the
remaining 1843 potential participants, 1517 (82.3%) did not
meet the study’s eligibility requirements. Of the 326 eligible
individuals, 102 (31.3%) enrolled into the study, with 52
randomized as controls and 50 assigned to the intervention
group. Refusers, compared with those who enrolled in the
program, were not different with respect to health or func-
tional status but were older {mean age of 75 years among
refusers vs mean age of 72 years among participants; P =
.0001) and had less formal education (P = .004).

Subjects’ medical history, typical activity patterns, psy-
chological well-being, and health status were assessed at
baseline by trained telephone interviewers. Fach participant
who appeared to be eligible received an exercise safety test
and strength testing during a baseline clinic visit and between
12 to 15 weeks after the baseline testing and entry into the
study. Subjects who met the study criteria, agreed to partici-
pate, and gave written informed consent were randomized
after baseline testing to either receive the exercise program
immediately (intervention group) or to be placed on a waiting
list for the program (control group) at the completion of the
study. All telephone interviewers and clinic assessment staff
were blinded to the subjects” group status at the follow-up
contact. Assessment of pre- and post-study habitual physical
activity using the Physical Activity Scale for the Elderly
(PASE)"? confirmed that the controls, compared with the
intervention group, did not alter their habitual physical ac-
tivity levels during the study period.

Of the 102 randomized subjects, one control and eight
experimental subjects dropped out of the study. Two subjects
dropped out because of the exercise program (one developed
shortness of breath after doing the exercises and another
developed back symptoms from the program). An additional
three subjects developed medical problems unrelated to the
study, and the remaining four dropouts cited lack of interest.

Dropouts did not differ from those who completed the
study with respect to age, gender, education, or health status.

An additional 10 randomized subjects (3 controls and 7
intervention subjects) completed all baseline and follow-up
telephone assessments but did not complete the final strength
testing portion of the protocol. They are included in those
analyses that used health and psychologic status data pro-
vided through the telephone interview.

Outcome Measures
Strength

A Cybex I isokinetic dynamometer (Cybex Division of
Lumex Inc., Bayshore, NY) was used to test peak torque in
the right lower extremity knee extensors and flexors and in
the right upper extremity shoulder extensors and flexors,

Data showing its reliability and stability when used in older
samples are available.'* When a painful condition or recent
injury or surgery prevented use of the right extremity for
testing, the left extremity was tested. The detailed strength
testing protocols are available from the authors.

Psychological Well-Being

A shortened form of the Profile of Mood States battery
(POMS)"® was administered by telephone at the pretest and
posttests. In past work, the POMS has been found to be
useful for assessing emotional states in older adults.'® We
developed a 33-item version using the items with the highest
item-to-total correlations reported for each subscale in the
test manual.'® We selected the best five items for each scale,
with the exception of the depression-dejection subscale, for
which we selected the best eight items. The 33-item version
used is similar to the new 30-item POMS-SF.'” Cocfficient
alpha internal consistency reliabilities for the sample on the
subscales are: Tension-Anxiety, 0.79; Depression-dejection,
0.86; Vigor, 0.88; Fatigue, 0.89; Anger, 0.73; and Confusion,
0.73. Ttems were rated on a five-point scale using the follow-
ing question: “Over the past week, including today, would
you say you have been feeling (insert item) not at all, a lictle,
moderately, quite a bit, or extremely?”

Health Status

Eight dimensions of health status were assessed: physical
functioning, role limitations due to physical or emotional
health, social activity limitations attributable to health, cur-
rent health perceptions, pain, psychologic distress/well-
being, and energy/fatigue. These health dimensions have been
identified as likely to be affected by exercise.'®'® These di-
mensions were measured using scales from the Medical Out-
comes Study SF-36.%" Each standardized scale ranges from 0
to 100, where 0 = worst possible function and 100 = best
possible function in that dimension. The reliability and valid-
ity of the SF-36 have been examined extensively and were
summarized recently by Stewart and Ware.”! [t has been
shown to be sensitive to change in exercise training studies
involving nondisabled older persons.'””

Exercise Program

The Strong-for-Life program consisted of a 30-minute
videotaped program of 10 exercise routines using elastic
bands (Therabands®) that provided individualized levels of
resistance to the exercisers., The program consisted of a
S-minute warm-up, 20 minutes of strengthening exercises,
and 5 minutes of cool-down exercises done to music and led
by a trained instructor with older participants. The goal of
the subjects was to perform the program 3 times each week
during the 12 to 15-week study period,

The strengthening component of the program consisted
of exercises performed in a progressive weight-bearing se-
quence from prone lying to standing, This developmental
sequence used trunk and proximal extremity musculature
and facilitated movement patterns that are commonly lacking
in traditional weight training programs. The exercises con-
sisted of 10 single joint, whole limb, and trunk movements
that incorporated diagonal and rotational motions associated
with proprioceptive neuromuscular facilitation patterns.*»2?
Subjects were instructed to perform up to 10 repetitions of
each movement pattern. When this was accomplished with-
out significant fatigue or loss of proper execution, resistance
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was increased. Progressive resistance was provided through
the use of Therabands, where bands of graded thickness
provided progressive increments of resistance. Subjects ad-
vanced within the program at their own pace in consultation
with a physical therapist who provided periodic telephone
follow-up during the intervention period.

Each subject assigned to the “exercise group” underwent
a 50-minute training session where he/she met with a physical
therapist who discussed the benefits of exercise and then
instructed the subject in the exercise program. The training
therapist called each subject 24 hours after the initial training
session and again after 1, 2, 4, 8, and 11 weeks to check on
progress and to discuss and resolve problems encountered.

Adbherence

Adherence to the intervention protocol was based on
self-report. Subjects were instructed to complete exercise logs
on which they listed the date, length, and a global rating of
the intensity of the exercises. Colored markers were used to
record in the exercise log the thickness of Theraband used.
Subjects were given self-addressed, stamped envelopes and
instructed to mail the completed logs back to the training
therapist monthly.

Statistical Methods

Baseline strength, psychologic, and health status mea-
sures by treatment group were compared using Student’s ¢
test for normally distributed variables. The Wilcoxon rank-
sum test was used for non-normally distributed continuous
variables, Fishers® Exact test was used to examine associa-
tions between treatment group and categorical variables. The
effect of the intervention was evaluated by comparing change
scores of the intervention and control using analysis of co-
variance, with the baseline measurement, continuous age,
and gender as covariates. For each dependent variable, mean
change adjusted for baseline value, age, and gender was
estimated for the two treatment groups. When there was a
significant interaction between treatment group and gender,

the baseline-adjusted means were presented by gender as well
as by treatment group. When there was a significant interac-
tion between treatment group and age, the model was re-
estimated using dichotomous age (= 72 years vs > 72 years),
and adjusted means were presented by treatment and age
group. Effect sizes were calculated using the square root of
the Mean Squared Error from the corresponding regression
model, Cohen suggests the following interpretation of effect
size magnitudes: 0.2 - 0.4 = small effect; 0.5 - 0.7 = moderate
effect; 0.8 + = large effect.*

RESULTS

Baseline characteristics by treatment group for the 93
subjects who completed the study are displayed in Table 1.
Subjects ranged in age from 66 to 87 years and were predom-
inantly women. Control subjects, on average, were signifi-
cantly older than those in the exercise group, and there was a
trend toward more women in the control group compared
with the exercise group. Because of these differences, all
analyses were conducted with subject age and gender as
covariates in the models, Table 2 displays baseline strength,
psychological well-being, and health status for subjects by
study group,

On average, intervention subjects performed 30 sessions
of Strong-for-Life during the study period, approximately
two exercise sessions per week. Average adherence rates for
this program (expressed as the number of exercise sessions
reported as a percentage of exercise sessions prescribed for
the study) were §8%, and they ranged from 0 to 102%, with
a median of 71%.

Changes in muscle strength by study group during the 12
to 15 week-study period are presented in Table 3. Results
illustrate a trend of overall increase in knee flexion and knee
extension torque and maintenance of shoulder flexion torque
after the intervention among the exercise group compared
with controls. Analysis also revealed a significant Age X
Group interaction for change in knee extension torque, with
cxercise group subjects aged 72 years or less experiencing a

Table 1. Baseline Characteristics of the Subjects

Exercise Group

Control Group

(n = 42) (n = 51} P Value
Age, yrs. (range) 71.0 * 4.3 (66-84) 73.2 + 5.4 (66-87) .04
(n = 42) (n = 51)
Female sex (% of subjects) 54.8 70.6 13
Education (% of subjects) (n = 42) (n = 50)
Elementary school 2.4 0.0 .66
Some high school 33.3 38.0
Beyond high school 64.3 62.0
Annual income (% of subjects) (n = 39) (n = 48)
<$10,000/yr. 15.4 104 75
$10-20,000/yr. 25,6 31.3
>$20,000/yr. 59.0 58.3
Weight (x ibs.) 162.4 146.7 01
Perceived health (% of subjects)
Excellent 16.6 274 31
Very Good 40.5 451
Good 40.5 235
Fair/Poor 2.4 4.0
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Table 2, Baseline Strength, Psychological Well-Being, and
Health Status Characteristics of Subjects

Exercise Control
Group Group P Value
Knee strength (ft. (n = 35) (n = 48)

Ibs.)
Extension torque
Flexion torque
Shoulder strength (ft.
Ibs.)
Extension torque

48.8 £ 185 45.6 + 19.1 A4
272114 248+11.9 .36
{n = 34) (n = 47)

317134 261 x11.2 .04

Flexion torque 17478 15774 .30
Psychologic Status (n = 42) (n = 51)
Tension 6.9+ 2.0 72286 A7
Vigor 152+ 40 16.4=*50 21
Depression 1054227 106=*=44 .86
Fatigue 9.0 £ 3.1 8.8 = 3.6 .76
Anger 73+20 7.2+27 .78
Confusion 7.0x22 6.9 £2.2 .76

Health Status
Health perceptions 78.5 = 13.1 79.4 = 15.3 g7
Physical function  86.1 = 12.9 86.6 = 14.0 .88

Energy 66.8 = 14.8 64.2 = 20.8 49

Role function 899+ 228 912217 .78
(physical)

Role function 944 220 908 =259 .48
(emotional)

Social function 932+ 121 953 =127 .40
Pain 86.4 + 18.1 83.9 = 19.8 52
Mental Health 809+ 119 80.7=*x12.6 94

significant increase in knee extension torque of approxi-
mately 10% over baseline whereas no change was observed
in controls (P = .007). In contrast, older subjects did not
experience a significant change in knee extension torque
regardless of treatment group.

Results of analyses of change in psychological well-being
are presented in Table 4. These analyses revealed several
significant interaction effects. There were two Age X Gender
X Group interactions, consistent with the basic study hy-~
potheses. The first revealed that older men in the control
group experienced a significant increase in anger relative to
the men who participated in the intervention. The second
interaction revealed a borderline group difference (P = .09)
among older men: tension decreased after the intervention
but increased in men assigned to the control group. In addi-
tion, there was a significant Gender X Group interaction for
vigor: men experienced significantly more vigor postinterven-
tion compared with men in the control group, who experi-
enced significantly less vigor. This group difference was not
observed in women, Two significant findings that were not
hypothesized included a significant group difference in anger
in younger men (P = .01) attributable to a significantly
decreased anger in the control group and a significant group
difference in confusion among older women (P = .002)
caused by significantly increased confusion after the interven-~
tion.

Only one health status outcome was observed. There
was an Age X Group interaction with social functioning,

which revealed that older subjects in the intervention group
had a significantly higher increase in social functioning (P =
.04) relative to older control subjects whose social function-
ing significantly decreased. This effect was not observed in the
younger age group.

DISCUSSION

The findings from this investigation demonstrate that a
12 to 15-week, home-based, strengthening program designed
for nondisabled, community-dwelling, older persons, did
achieve positive improvements in strength, psychological
well-being, and social health status. Overall, lower extremity
strength improved among participants, but degree of im-
provement was modest. The 10% improvement in knee ex-
tension strength for younger participants achieved in this
study is somewhat less than levels achieved in more super-
vised training programs, but meaningful given the low level
of supervision in the program.’*

Several dimensions of psychological well-being im-
proved, particularly for men and older subjects. Consistent
with earlier work,® older male exercisers reported a signifi-
cant difference in perceived anger following their participa-
tion in the program.

Male exercisers of all ages reported feeling more lively,
active, and energetic following the intervention, In contrast,
men in the control group showed a significant decrease in
feelings of vigor and pep from the pretest to the posttest.
Thus, the intervention served not only to enhance psycholog-
ical well-being, but it also appeared to minimize declines that
might otherwise prevail among older men. There was also a
trend for older men in the exercise group to report decreased
tension compared with the control group. Thus, the exercise
program may have led to reduced feelings of nervousness,
uneasiness, and shakiness for older men. Qur findings are
consistent with other studies that have demonstrated psycho-
logical benefits in middle-aged and older subjects who exer-
cise, 526

Women reported no psychological improvement follow-
ing participation in the program, and older women appeared
to report increased confusion after their participation in the
program. In future work, it will be important to explore why
women subjects did not respond to this program as well as
met, identify possible negative implications of program ter-
mination, and find adaptive strategies for maintaining in-
volvement and commitment to the exercise program even
after the formal study is completed.

For older subjects, significant improvement in social
functioning followed participation in the program, signifying
increased social contact with family, friends, neighbors, and
groups following participation in the program and a substan-
tial drop in social function for the older members of the
control group. This finding suggests that participating in the
exercise program may have enabled more contact with
friends and family by enhancing mobility, thereby curtailing
a reduction in social function often found among the oldest
old. There were, however, no measurable improvements in
other dimensions of health status. This, in part, may be
attributable to a ceiling effect for these variables inasmuch as
all subjects were nondisabled."?

The study’s recruitment procedures, which utilized the
Medicare beneficiary list as the sole sampling frame, did
achieve a more representative sample than has been enrolled
in previous exercise studies with volunteer subjects. A com-
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Table 3. Change in Muscle Strength*

Exercise group

Control Group

Mean SE ES Mean SE ES P Value
Knee strength (ft. Ibs)

Extension torque 3.2*(1.2) 0.4 0.2 (1.1) 0.03 .074
=72 yrs. 4.4 %= (1.4) 0.7 —1.0 * (1.5) -0.2 .007
>72 yrs. -01 * (2.4 -0.02 11+ (1.7) 0.2 .695

Flexion torque 5.8 + (1.2) 0.8 3.3 = (1.1) 0.5 17

Shoulder strength (ft. Ibs)
Extension torque 3.0 = (1.0} 0.5 1.0 = (0.9) 0.2 136
Flexion torque -0.3 + (0.7) -0.1 -1.9 % {0.6) -0.5 .067

* Data are presented as means * standard error and effect size. All change scores and analyses are adjusted for baseline measurement of the same variable, age, and gender.

Table 4. Change in Psychological Well-Being*

Exercise Group

Control Group

Mean SE ES Mean SE ES P Value
Psychological Status:

Tension 0.22 (0.46) 0.08 0.33 {0.45) 0.11 0.87
Male, <72 0.99 (0.84) 0.34 —-0.96 (0.96) ~0.33 0.13
Male, >72 ~1.31 (1.10) —0.45 1.41 (1.18) 0.49 0.08
Female, <72 0.47 (0.66) 0.16 1.38 {0.63) 0.48 0.32
Female, >72 1.28 (1.44) 0.44 —-0.24 {0.74) ~0.08 0.35

Vigor 0.43 (0.46) 0.15 -0.93 {0.46) ~0.32 0.04
Male 1.60 (0.70) 0.55 —~2.18 (0.76) -0.74 0.01
Female ~0.75 (0.62) -0.26 0.32 (0.50) 0.11 0.18

Depression -0.35 (0.35) -0.186 0.82 (0.33) 0.14 0.18

Fatigue —~0.26 (0.50) -0.12 ~0.06 (0.47) ~0.02 0.76

Anger 0.15 (0.33) 0.07 ~0.27 {0.32) ~0,18 0.36
Male, =72 0.90 (0.59) 0.44 ~1.53 {0.67) ~0.76 0.01
Male, >72 —~0.45 (0.76) -0.22 1.97 {0.83) 0.98 0.03
Female, =72 0.13 (0.47) 0.06 -0.31 (0.44) -0,15 0.49
Female, >72 0.44 (1.01) 0.22 0.04 (0.52) 0.02 0.73

Confusion 0.18 (0.30) 0.08 -0.07 {0.29) ~0.04 0.59
Male, <72 ~0.28 (0.54) ~0.15 -0.59 (0.63) -0.32 0.71
Male, >72 ~0.29 (0.72) ~0.16 0.46 (0,76) 0.24 0.48
Female, <72 ~-0.19 {0.43) -0.10 0.38 (0.41) 0.20 0.33
Female, >72 2.83 (0.93) 1.51 -0.52 (0.48) ~-0.28 0.01

* Data presented are means £ standard error and effect size. All change scores and analyses are adjusted for haseline measurements of the same variable, age, and gender,

parison of the demographic data in Table 1 with the 1990
census data revealed that the resulting sample was very sim-
ilar to the older population in Boston, although it was some-
what younger, better educated, and had higher annual in-
comes, on average, than the older population of the
communities from which the sample was drawn.

Variability in adherence to the Strong-for-Life program
explains some of the selectivity of benefits achieved from the
program and points to areas where improvement in home-
based programs is needed. The low level of professional
supervision of the program is a likely contributor to the
variability of adherence observed in this study. The current
study included only one in-person training session with a
physical therapist, with periodic telephone follow-up, Using a
similar protocol with middle-aged subjects, aged 50 to 65,°
achieved adherence rates of 75% or higher compared with a

mean of 58% in this study. In this study, subjects were
considetably older, with ages ranging from 66 to 87 years of
age. Home-based exercise programs with subjects in their 70s
and 80s may require more supervision, possibly involving
more than one training visit, ideally in the subject’s own
home, as well as more frequent telephone follow-up of sub-
jects, to maintain adherence and to maximize potential ben-
efits.

We had hypothesized that improvement in muscle
strength and psychological and health status outcomes would
be associated positively with the frequency and dose of exer-
cise received during the study. To examine this hypothesis,
we created an exercise dosage variable that was the product
of the number of exercise sessions participated in during the
study period and the level of Theraband resistance used for
each exercise session (as reflected by the 4 available colors of
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Theraband used in this study). As hypothesized, the exercise
dosage variable was correlated positively with improvement
in knee extension (r = .38; P = .03).

The most likely explanation for some of the age group
and gender differences observed in the study results is differ-
ential adherence to the program. Although limited sample
size made it difficult to explore this hypothesis fully, subgroup
analyses did reveal a nonsignificant (P = .15) trend of higher
adherence to the program among subjects 72 years of age or
younger compared with those older than 72 and for men
compared with women (P = .07). Adherence rates, however,
were unrelated to psychological benefits and improvement in
social functioning. Older men may be more attracted to an
in-home program they can do on their own, whereas women
may find the social component of group exercises more
appealing. The preponderance of psychological benefits
among men and not women subjects is an area that deserves
further investigation.

Another challenge encountered was subject reluctance to
progress with the thickness of Theraband used in the exercise
program. Although the design of the program called for
gradual progression in resistance throughout the 12 to 15
weeks, progression to higher levels of resistance was difficult
to achieve. Among the exercise participants, 9% did not
change their level of Theraband resistance at all throughout
the study period, while another 35% progressed by only one
of the four possible levels of Theraband. Future studies may
also benefit from tailoring the exercises more to individual
needs, implementing specific behavioral strategies to progress
in the program, and working more with participants to set
realistic but challenging goals,

This investigation revealed several positive, short-term
physiological, psychological, and social benefits that accrued
to older persons in their 60s, 70s, and 80s as a result of
participating in a home-based, strength training program.
Physiological results are clearest among those less than age
73, whereas psychological and social benefits are seen pre-
dominantly among older participants, particularly men.
These findings lend further support to the literature on the
positive benefits of regular exercise in late life in a program
designed to be widely disseminated among the older popula-
tion in need of increased physical activity.
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