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Background. Although inactivity is an important contributor to impaired functioning and disability with age, l i t t le is known
concerning how improvements in physical functioning and well-being in older adults vary with the type of physical act ivi ty
undertaken.

Methods. One hundred three adults age 65 years and older, recruited via population-based methods, were randomized to
12 months of community-based, moderate-intensity endurance and strengthening exercises (Fit & Firm) or stretching and
f l ex ib i l i ty exercises (Stretch & Flex). A combination ol'class- and home-based exercise formats was used. Measured and
self-rated physical performance along with perceived functioning and well-being were assessed pre- and postintervention.

Results. Fit & Firm subjects showed greater 12-month improvements in both measured and self-rated endurance and
strength compared to Stretch & Flex subjects. Stretch & Flex subjects reported greater improvements in bodily pain, and
Stretch & Flex men evidenced greater improvements in l lexibi l i ty relative to Fit & Firm subjects. Although overall exercise
adherence was high in both exercise conditions (approximately 80%), subjects in both conditions showed better adherence to
the home- versus class-based portions of their exercise prescriptions.

Conclusions. Community-based programs focusing on moderate-intensity endurance and s t rengthening exercises
or flexibility exercises can be delivered through a combination of formats that result in improvement in important functional
and well-being outcomes. This represents one of the first studies to report significant improvements in an important quali ty
of life outcome—bodily pa in—wi th a regular regimen of stretching and l l ex ib i l i ty exercises in a community-based sample
of older adults.

DULTS over age 65 represent one of the fastest growing
population segments in the United States (1), as well as

worldwide (2). They also account for the greatest proportion of
chronic disease burden and disability, resulting in annual health
care costs averaging over $3,000 per person (3,4). While the
loss of independence and well-being stemming from impaired
functioning constitutes the most distressing aspect of aging for
many older adults (5), a growing literature underscores the fact
that a significant proportion of disability accompanying aging
is preventable (3).

Inactivity is among the most important factors contributing
to impaired functioning and disability with age (5). A signifi-
cant relationship has been reported between increases in regular
exercise and improvements in physical fitness as measured by
aerobic capacity and strength in older adults (6-8). Yet, the rela-
tionship between regular physical activity and functional status,
including physical tasks performance as well as perceived func-
tioning and well-being, remains to be ful ly explicated (6-8). In
particular, relatively little is known concerning how physical
functioning and well-being in older adults vary with the type
and format of physical activity undertaken (6,9,10).

The putpose of this study was to evaluate the effects of two
different community-based physical activity regimens—one
emphasizing endurance and strengthening exercises (Fit &
Firm) and the other emphasizing stretching and flexibility exer-
cises (Stretch & Flex)—on one-year physical performance out-

comes as well as perceived functioning and well-being in a
sample of community-dwell ing, sedentary women and men
aged 65 years and older. A program of endurance and strength-
ening exercises was targeted in light of the documented effects
and potentially synergistic relationships among those forms of
exercise and an array of positive health outcomes in older
adults, including improvements in cardiovascular disease risk
factors, musculoskeletal function, and reduced risk of tailing
(11) . Similarly, a program focusing on stretching and flexibility
exercises was targeted in light of the documented decreases in
flexibi l i ty (i.e., joint range of motion) accompanying aging
(12,13), and its relationship to declines in physical function and
health status (14,15). We hypothesized that measured and self-
rated physical performance outcomes related to endurance and
strength would improve significantly more in response to the
Fit & Firm regimen relative to the Stretch & Flex regimen after
one year, whereas the Stretch & Flex regimen would result in
improved flexibil i ty outcomes relative to the Fit & Firm regi-
men. Because of the dearth of information comparing such reg-
imens on perceived functioning and well-being (quality of life)
outcomes (16), no directional hypotheses were posited for those
outcomes. Additional objectives of the study were to explore
the effectiveness of a combination of physical activity formats
(i.e., class-based and home-based) in promoting one-year ad-
herence to each of the physical activity regimens being investi-
gated, and to evaluate any differential intervention effects by
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PHYSICAL ACTIVITY AND OLDER ADULTS M75

gender. To enhance the representativeness of the study sample,
population-based recruitment strategies were used in the target
community (17).

METHODS

Subjects
Subjects were 103 older adults (67 women; 36 men) who

agreed to participate in a randomized clinical trial evaluating the
effectiveness of different types of physical activity on physical
functioning and health-related quality of life. Eligibility criteria
included: current resident of Sunny vale, California; age 65 years
or older; absence of cardiovascular disease or stroke (determined
by medical history, clinical examination, and electrocardiograms
recorded at rest and during exercise); regularly active no more
than twice a week during the preceding 6 months; free of mus-
culoskeletal problems that would prevent participation in mod-
erate levels of physical activity; stable on all medications dur-
ing the previous 6-month period; and willingness to accept
random assignment. An appropriate institutional review board
approved the project.

The major recruitment strategy used was a random digit dial
telephone survey of Sunnyvale residents (population = 117,229),
supplemented with city-wide promotion (18). All age-eligible
contactees were asked to complete a 20-minute telephone inter-
view adapted from two previous national surveys (19,20).
Respondents who met initial eligibility requirements subse-
quently underwent extensive physical assessment and com-
pleted a battery of health-related quality of life questionnaires.
Following stratification on sex, subjects determined to be eligi-
ble at baseline were randomly assigned to one of two condi-
tions using a computerized version of Efron's procedure, which
promotes equivalent cell sizes throughout the course of ran-
domization (21): (a) moderate-intensity endurance and
strengthening exercises (Fit & Firm), or (b) stretching and flexi-
bility exercises (Stretch & Flex). An interim, abbreviated as-
sessment was undertaken at 6 months, and the final assessment
occurred 12 months after randomization.

Overview of Interventions
For both conditions, subjects were encouraged to participate

in two exercise classes each week and to exercise on their own
at home at least twice a week. Exercise classes lasted one hour,
but the suggested duration of the home-based sessions was 40
minutes (attained in a progressive fashion). Participants received
individualized instruction and information prior to beginning
their exercise program. The class size was limited to 10-15 peo-
ple and was conducted at a local YMCA. Classes were moni-
tored regularly to assure quality and consistency of content.

Fit & Firm classes.—Each class consisted of a 5-10 minute
warmup, a 40-50 minute aerobic and strength training section,
and a 5-10 minute cooldown. The major component of the
class consisted of a combination of aerobic, strength, and
muscle-toning exercises. These were conducted in an interval
or circuit type format allowing for rest between sets. Muscle
groups emphasized included the chest, back, shoulders, quadri-
ceps, calves, abdominals, biceps, and triceps. Instructors used a
variety of exercises from each muscle group starting with the
larger muscles. Music was used to increase enjoyment. A Step

Tech (Formula Ventures, North Miami Beach, FL; model 7055-
00) was used to help the more fit subjects elevate their heart
rates during the aerobic component. The resistive bands on the
Step Tech and homemade hand weights were used to improve
strength. Classes started slowly and progressively became more
challenging in order to build endurance and strength. Subjects
were instructed to assess their heart rates at least once during
each class to be sure that they were reaching their target heart
rates, which were set at 60-75% of their heart rate reserve
based on their most recent treadmill test.

Fit & Firm home sessions.—Subjects were instructed to ex-
ercise for at least 40 minutes at their target heart rate at least
twice a week at home. The exercise mode consisted primarily
of brisk walking. A videotape of the class was provided,
together with information on exercise format and technique.
(All participants enrolled in the study had ready access to either
their own or a rentable videotape player.) Subjects were in-
structed on how to use either small hand weights or resistive
bands at home.

Stretch & Flex classes.—Each class consisted of a 5-10
minute warmup, a 40-minute stretching section, and 5-10 min-
utes of relaxation exercises. Stretching exercises focused on the
neck, shoulders, upper back, chest, waist, lower back, ham-
strings, calves, and hands. Instructors used a variety of exercises
for each muscle group. Music was used to increase enjoyment.
Subjects were instructed to take their heart rates at least once
during each class to ensure that they were not significantly ele-
vating their heart rate.

Stretch & Flex home sessions.—Participants were instructed
to stretch for 40 minutes twice a week at home, using the
stretching routine presented in the class. A videotape of the
class was provided, together with information on exercise for-
mat and technique.

Telephone counseling.—Participants in both conditions were
contacted by a trained health educator weekly during the first
month of the intervention, every other week for the next two
months, and monthly for the remainder of the year. The pur-
pose of these calls, the content of which was based on social
cognitive theory (22) and the Transtheoretical model (23), was
to encourage participation in the exercise program, provide
problem-solving strategies to overcome barriers to exercise ad-
herence, and remind participants to return their exercise logs.
The telephone calls lasted an average of 12-15 minutes.

Measurement Procedures
The measurement battery targeted six conceptually discrete

domains of functioning: measured functional capacity/
endurance, upper-body strength, lower-body strength, flexibil-
ity, self-rated physical performance, and perceived functioning
and well-being (i.e., health-related quality of life).

Domain I: Functional capacity and endurance.—At base-
line, 6, and 12 months, all participants performed an ECG-
monitored, symptom-limited, graded treadmill exercise test
(GXT) using a Balke-type protocol with workloads increasing
by approximately 1.0 to 2.0 metabolic equivalents every 2 min-
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utes (24). Oxygen uptake during exercise was determined using
a semiautomatic computer-based system described previously
(25). Maximal oxygen uptake (VO2rnax) was defined as the
highest value determined during the last 2 minutes of exercise.
Reasons for termination of the GXT were based on American
College of Sports Medicine criteria (26). Test completion was
evaluated according to objective criteria (i.e., a respiratory ex-
change ratio greater than or equal to 1.1 and plateauing of heart
rale and/or oxygen uptake). Changes in functional capacity and
endurance were evaluated using VO,max, treadmill exercise du-
ration, and submaximal heart rate at the end of the third 2-
minute stage (treadmill speed at 2 miles per hour; grade at
12.5% incline).

Domains 2-4: Upper-body strength, lower-body strength,
and flexibility measured through tasks simulating activities of
daily living.—Three discrete functional tasks that simulated
common activities of daily living and were relevant to the inter-
ventions being targeted were used to assess upper-body strength
(lift and reach task), lower-body strength (chair sit to stand
task), and flexibility (sit and reach task). Protocols for these
tasks were based on those used in previous studies, modified
for a healthy community-dwelling population (27-29). Assess-
ment staff were blind to each subject's condition assignment.
Intertester and one-week test-retest reliabilities for these mea-
sures were evaluated on a subgroup of participants (/; = 29) at
the beginning of the study. Each component of the test battery
was found to have excellent intertester reliability [r values >
.90; (30)]. In addition, the measures showed adequate stability
between the one-week assessment points [rvalues for the lift
and reach and chair sit to stand tasks > .85; r value for the sit
and reach task = .75; (30)].

1. Upper-body strength (lift and reach). While seated at a
standard height desk, participants were asked to repeatedly lift
a weight onto and off a shelf placed on the desk and located at
shoulder level immediately in front of them. A 10-pound weight
was used for women and a 20-pound weight was used for men.
The number of repetitions that were completed in one minute
was recorded.

2. Lower-body strength (chair sit to stand). Participants were
asked to repeatedly stand up from and sit down into a standard
height chair without the use of their arms. The maximum num-
ber of repetitions in one minute was recorded. All participants
in the current sample were able to do at least one chair sit to
stand at baseline.

3. Flexibility (sit and reach). Using an Accuflex I Sit and
Reach box (Novel Products, Rockton, IL), a baseline reach
score was initially set for each subject while keeping the head
and back against the wall. Differences between baseline and
furthest reach forward score were noted, with the best (highest)
of three trials recorded as the final score.

Domain 5: Self-rated physical performance.—Participant
ratings of physical performance were obtained using two mea-
sures; the Colorado Walking Impairment Scale and a Self-
efficacy for Physical Performance Scale.

1. The Colorado Walking Impairment Scale (31) was used
to evaluate subject ratings of difficulty they experienced walk-
ing different distances, walking at different speeds, and symp-
toms experienced that limited walking (walking impairment).

Items for each of the three sections were averaged and, for the
walking distance and walking speed sections, assigned a prede-
termined weight (31). Regensteiner and colleagues (31) found
that the walking distance score derived from the questionnaire
correlated 0.68 (p < .05) with peak treadmill walking time, and
increases in walking speed following an exercise conditioning
program correlated with changes in treadmill walking time (r =
0.5 ! , /><.05) .

2. The Self-Efficacy for Physical Performance Scale, a 26-
item measure developed at Stanford along with other exercise
self-efficacy scales (32) with guidance from Dr. Albert Bandura
(22), was used to assess subjects' confidence in being able to
currently perform several different types of daily activities.
Confidence level was rated on a scale of 0 (not at all confident)
to 100 (absolutely confident) (22). The scale is divided into four
subscales: confidence in one's ability to walk up from one to
four flights of stairs; confidence in one's ability to lift objects
weighing from 10 to 60 pounds; confidence in one's ability to
accomplish different daily activities without undue fatigue or
pain; and confidence in being able to walk distances ranging
from half a block to 4 miles without slowing down or stopping
to rest. Items within each subscale were averaged to obtain a
subscale score.

Domain 6: Perceived functioning and well-being.—The do-
main of perceived functioning and well-being (health-related
quality of life) was assessed using scales obtained from the
Medical Outcomes Study [MOS; (33,34)]. It included rated
physical functioning, general bodily pain, emotional well-being,
energy/fatigue, and sleep problems. Additional health-related
quality of life constructs that were assessed using standard scales
were sense of mastery (35) and self-esteem (36-38). These
scales have been used with diverse groups of older adults (16)
and have excellent reliability and validity in the MOS (34), as
well as in other populations of middle- and older-aged adults
(39). They have been shown to be able to differentiate levels of
exercise participation in postmenopausal women and same-
aged men (40,41).

The scales constituting the perceived functioning and well-
being domain were first factor analyzed to determine the most
parsimonious method of representing these variables (41). Two
factors, physical health and psychological well-being, were
identified using an oblique rotation (42). Perceived physical
functioning and pain loaded significantly on the physical health
index (i.e., were most strongly associated with a factor repre-
senting physical health concerns), and emotional well-being,
energy/fatigue, sleep problems, sense of mastery, and self-
esteem loaded significantly on the psychological well-being
index. These two standardized and summed index scores (41)
were considered as the primary dependent variables represent-
ing the perceived functioning and well-being domain. If an
index score reached statistical significance, between-group
analyses were subsequently undertaken on its component scales
for descriptive purposes.

Assessment of Exercise Adherence
Participants completed brief exercise logs on a daily basis to

track the type, frequency, and duration of their exercise ses-
sions. Logs were returned to the staff at the end of each month
using the self-addressed stamped envelopes provided. If a log
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was not returned, information was obtained by telephone.
Average monthly adherence rates across the 12-month period
were calculated as a percentage of exercise sessions prescribed
for the month. Class attendance was visually confirmed by the
instructor.

Exercise adherence rates were determined for all participants
randomized. For any month in which adherence data were un-
available, a conservative approach was taken whereby the par-
ticipant was assigned a zero for that month (43).

Approximately 20% of study participants were randomly se-
lected to wear a solid-state portable microprocessor (Vitalog
Corp., Redwood City, CA) that recorded heart rate and body
movement continuously for a 3-day period during the active in-
tervention phase of the study. This device provides a valid and
reliable indicator of adherence to prescribed home exercise
(43-45). As an additional validity check on reported physical
activity levels, participants completed the CHAMPS physical
activity questionnaire for seniors at baseline and 12 months
(40,46). This instrument has been found to provide a valid and
reliable estimate of energy expenditure in older adults.

Statistical Analyses
Analysis of variance (ANOVA) procedures were used to

evaluate between-group differences at baseline and with respect
to exercise adherence (47). Analysis of covariance (ANCOVA)
procedures were used to assess changes during the one-year pe-
riod in each of the six conceptually discrete functioning domains
(47). In analyzing change, main effects for group assignment
and gender along with interactions of those two variables were
evaluated, with baseline levels of the dependent variables serv-
ing as covariates. Tukey's Studentized Range Test and the
Least-Squares Means procedure were used to compare group
means for all significant ANOVA and ANCOVA effects, re-
spectively (48). Alpha level for all tests was set at .05. A one-
tailed test of significance was applied for those outcomes (i.e.,
functional capacity/endurance, upper-body strength, lower-
body strength, flexibility, and self-rated physical performance)
for which directional hypotheses had been posited. A two-tailed
test of significance was applied for the perceived functioning
and well-being domain.

To reduce the potential proliferation of Type I error within
each domain, one testing instrument or protocol was used for
three of the six discrete functioning domains (upper-body
strength, lower-body strength, and flexibility). For the self-rated
physical performance domain, which utilized more than
one testing instrument, a multivariate analysis of covariance
(MANCOVA) was initially used as an omnibus test incorporat-
ing the two self-rated physical performance instruments. Sub-
sequent ANCOVA procedures were planned for each instrument
contingent upon the MANCOVA reaching statistical signifi-
cance. Similarly, as described earlier, planned ANCOVA proce-
dures were undertaken on the individual scales constituting the
two-factor analytically derived perceived functioning and well-
being indices only if an index achieved overall statistical signifi-
cance (41). In addition, because it was conceivable that both of
the physical activity interventions could lead to changes in the
perceived functioning and well-being domain (which prevented
us from proposing directional hypotheses for this one domain),
within-group analyses were undertaken for descriptive purposes
only. Finally, the functional capacity/endurance domain was as-

sessed, as described earlier, using a standard treadmill exercise
testing protocol from which three variables of relevance to this
domain were measured (VO2max, treadmill exercise duration,
and submaximal heart rate). Because these three variables (a)
measure somewhat different aspects of functional capacity and
endurance (49), (b) may be disaggregated in some populations
including older adults (50), and (c) have traditionally been pre-
sented separately in the exercise science literature (51), they
were analyzed separately in the current study.

RESULTS

Subjects
Of the 1,347 age-eligible individuals originally contacted

through the random-digit-dial telephone survey and the 184 in-
dividuals who responded to the city wide promotion (1,531
total), 795 (52%) were considered ineligible based on a tele-
phone interview (73% of these were excluded based on study
medical exclusions; 22% were already physically active based
on study eligibility criteria; 5% had plans to move from the area
within the next two years); 588 (38%) refused study participa-
tion; 26 (2%) were excluded for medical reasons discovered
during the baseline evaluation (primarily evidence of ischemia
during the treadmill test); and 19 (1 %) were judged to be too
physically active at the baseline evaluation. The remaining 103
individuals (67 women; 36 men) were randomized.

Eligible individuals who refused study participation and
those enrolled in the study were comparable on ethnicity, gen-
der, marital status, smoking status, rated health status, and prior
exercise experience (all p values > . 10). Study enrollees were
somewhat younger (mean = 70 ± 4 years versus 12 ±5 years,/?
< .0003) and better educated (mean = 15 ± 3 years versus 14 ±
3 years, p < .0001) than eligible nonenrollees. A greater per-
centage of enrollees reported being currently employed (51%)
as well as involved in volunteer work (52%) relative to eligible
nonenrollees (39% and 33%, respectively; p values < .025).
Enrollees also reported more stress, drinking alcohol less often
per week, a fewer number of friends, a greater body mass index
[BMI; reported body weight (kg) divided by height (m2)], and
being more worried about their weight than eligible nonen-
rollees (p values < .01). In addition, a greater percentage of
study enrollees reported currently taking prescription medica-
tions (74%) relative to eligible nonenrollees (60%', p < .01). A
greater percentage of enrollees reported an interest in learning
more about exercise programs and other lifestyle changes
(95%) relative to nonenrollees (73%;/? < .001).

Ninety-five percent of the study sample were Caucasian, 4%
were Asian, and 1 % were Hispanic. Twelve percent were cur-
rent smokers, and 55% were currently married. The average
BMI measured at baseline was 27.2 ± 4.4 for women and 27.1
±3.2 for men. Additional baseline descriptive data for persons
enrolled in the study are shown in Table 1. Subscale scores are
included to allow for comparisons with other study populations.
Participants were comparable across the two study conditions
on all major variables of interest, substantiating the success of
the randomization procedure. As expected, men had signifi-
cantly greater baseline VO2max and treadmill exercise duration
levels and lower submax heart rates on the treadmill than
women (p values < .0009). Compared to women, men also re-
ported a significantly greater baseline walking speed score on
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Table 1. Descriptive Statistics (Means and Standard Deviations) at Baseline and 12-Month Changes
for Variables of Interest, by Condition Assignment and Gender

Variables

n

Age (years)
Education (years)
Domain 1 : Functional Capacity/Endurance

VCXmax (ml/kg/min)
12-month change:

Treadmill duration (min)
12-month change:

Submax heart rate (bcats/min)
1 2-month change:*

Domain 2: Upper-body Strength
Lift and reach task (rcps/min)

1 2-month change:*

Domain 3: Lower-body Strength
Chair sit to stand task (rcps/min)

12-month change:

Domain 4: Flexibility
Sit and reach task (inches)

1 2-month changc:t

Domain 5: Self-Rated Physical Performance
Colorado Walking Impairment suhscales:

Walking distance score
12-month change: $

Walking speed score
12-month change:

Walking impairment score
12-month change:

Physical Performance Self-Efficacy subscales:
Strength self-efficacy score

12-month change:*
Walking self-efficacy score

1 2-month change::}:
Stair-climbing self-efficacy score

1 2-month change:ll
Daily activities self-efficacy score

12-month change:

Domain 6: Perceived Functioning and Well-beingS.
Bodily pain score

1 2-month changc:ll
Physical functioning score

12-month change:
Emotional well-being score

1 2-month change:
Energy/fatigue score

12-month change:
Sleep problems scorell

12-month change:
Sense of mastery score

1 2-month change:
Self-esteem scote

12-month change:

Fit & Firm

Women

33

70.7 (4.0)

15.2(3.0)

18.1 (3.9)
1.2(3.0)

10.0(3.6)
1.4(3.0)

122.7(20.3)
-9.1 (16.8)

19.6(5.0)
0.9 (5.0)

18.3(5.6)
1.4(4.0)

14.0(3.2)
1.1 (2.0)

83.0(27.5)
5.6(27.5)

53.7(18.9)
-0.6(22.3)
3.6 (0.4)

-O.I (0.5)

65.6(21.0)
4.9(16.5)

67.4(14.6)
3.9(16.8)

87.5(18.0)
2.5(17.4)

88.7(11.7)
1.6(10.7)

58.0(21.5)
-7.0(29.6)
80.6(17.9)
0.0(20.1)

80.2(13.1)
1.8(11.2)

59.1 (20.5)
3.2(12.7)

71.5(17.4)
-0.6(10.3)
68.6 (22.0)
-3.0(15.7)
80.1(13.7)
-0.5(12.1)

Men
17

68.1 (3.4)

16.6 (4.3)

23.2 (4.2)
1.7(2.8)

14.3 (3.6)
2.5 (2.8)

102.4(16.8)
-3.9(10.8)

21.4(4.9)
1.4(3.4)

22.9 (4.8)
1.1 (3.4)

12.6(4.7)
-1.1(5.4)

84.5 (24.3)
9.0(19.8)

62.3(24.0)
0.7(25.1)
3.4 (0.6)
0.1 (0.5)

88.3(17.4)
5.0(11.4)

75.1 (17.6)
7.3 (9.3)

94.0(10.0)
0.8 (6.2)

92.5 (8.3)
3.5 (6.3)

52.8(26.7)
-2.8(21.9)
85.0(10.5)
0.4(11.9)

82.9(12.5)
0.0(8.2)

58.3(18.3)
7.5 (7.3)

68.2(16.0)
4.0(10.6)

74.4(17.9)
0.5(13.2)

80.1 (17.2)
2.5(11.3)

Women
29

70.6(4.4)

14.7(2.1)

17.1(2.8)
0.8 (2.3)
9.7 (4. 1 )
1.1(1.9)

122.8(18.3)
-5.0(10.9)

18.8(3.7)
0.8 (3.8)

18.7(6.2)
-0.2(5.5)

14.3 (3.5)
0.5 (4.4)

71.5(35.5)
-5.6 (.34.0)
48.1 (16.1)
-1.1 (16.1)
3.8 (0.2)

-0.1 (0.4)

54.6(18.8)
1.9(23.4)

59.0(18.3)
1.2(18.0)

80.0(23.1)
-0.7(22.5)
87.9(16.9)

2.3(11.6)

56.6(23.5)
7.3 (26.3)

76.6(15.3)
3.3(13.3)

79.5(17.5)
5.4(11.4)

59.8(20.9)
2.9(17.8)

72.3(18.0)
4.7 (9.7)

72.9(20.3)
1.5(10.5)

78.5(17.9)
2.5 (9.5)

Stretch & Flex

Men
17

70.6 (4.0)

14.8 (2.0)

23.8 (3.2)
1.5(2.4)

13.2(3.5)
1.5(1.5)

103.6(12.3)
1.6(10.6)

21.8(4.2)
-2.1(7.4)

24.4 (7.0)
1.0(4.8)

10.4(2.6)
1.5(2.0)

90.0 (23.6)
-8.5(31.4)
67.1 (22.7)
-7.2 (24.6)
3.6(0.5)

-O.I (0.4)

90.9(17.3)
-1.1 (10.5)
82.0 (8.7)
-1.2(9.9)
98.3 (2.7)
-4.1 (13.4)
95.6 (4.8)
-1.2(9.9)

63.3 (20.6)
9.4 (26.7)

87.5(15.5)
-4.2(13.5)
81.6(12.7)

1.3(13.8)
61.4(20.4)
0.0(16.1)

74.3(14.9)
-0.5 (7.6)
77.2(16.6)
-2.7(13.4)
84.2(13.4)
-0.1(8.6)

*Fit & Firm condition different from Stretch & Flex condition at /?< .03 (one-tailed test).
tCondition X Gender interaction significant at/?< .03 (one-tailed test).
$Fit & Firm condition different from Stretch & Flex condition at /; < .003 (two-tailed test).
$A11 Perceived Functioning and Well-being subscales arc converted to a 0-100 range.
IIFor the Bodily Pain and Sleep Problems scales, an increase represents improvement.
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the Colorado Walking Impairment Scale (p < .0009), signifi-
cantly higher baseline self-efficacy levels related to lifting ob-
jects, walking distances, stair-climbing, and accomplishing
daily activities (p values < .04), and better baseline perfor-
mance on the lift and reach and chair sit to stand tasks (p val-
ues < .01). Women, in contrast, showed greater flexibility on
the sit and reach task (p < .002). The only gender difference
found at baseline for the perceived functioning and well-being
scales was a higher score on the perceived physical functioning
scale for men relative to women (p< .02).

Outcomes of interest were obtained for 93% of the sample at
12 months (comparable percentages for Fit & Firm [93.4%]
and Stretch & Flex [92.0%]). Comparable return rates were ob-
tained for women (92.5%) and men (94.4%). Changes on the
outcomes of interest are presented in Table 1, along with results
from the between-group and within-group analyses.

Exercise Adherence
Exercise adherence rates across the 12-month period were

calculated for all subjects randomized and are presented in
Table 2. Adherence to the exercise prescription was high for
both study conditions, averaging 79 ± 43% for the Fit & Firm
condition and 80 ± 39% for the Stretch & Flex condition (dif-
ference not significant). For both conditions, exercise adher-
ence was significantly higher for the home-based portion of the
exercise prescription (Fit & Firm: 92 ± 50%; Stretch & Flex: 92
± 43%) relative to the class-based portion of the exercise pre-
scription (Fit & Firm: 65 ± 27%; Stretch & Flex: 68 ± 29%).
For home versus class comparison: paired-comparison t test =
5.2, p < .0001, two-tailed test.

For the 18 participants randomly chosen to wear the Vitalog
heart rate monitor during the course of the study, computer-
analyzed heart rate recordings characterized the number of min-
utes spent in the participant's prescribed (or, in the case of Stretch
& Flex subjects, projected based on their baseline treadmill test)
moderate-intensity exercise heart rate range and the longest un-
interrupted bout of exercise within this range (43). Of the 12 par-
ticipants in the Fit & Firm condition, 10 (83%) showed heart rate
and motion sensor evidence of an exercise bout of at least 20
minutes in duration (range, 24-59 minutes) on the days that they
reported engaging in a prescribed home exercise session. In con-
trast, only one of the six participants in the Stretch & Flex condi-
tion showed heart rate and motion sensor evidence of an exercise
bout in or above the Fit & Firm target heart rate range. These
data provide additional support for the integrity of condition as-
signment to either the Fit & Firm or Stretch & Flex conditions.

Similarly, ANCOVAs conducted on the 12-month CHAMPS
physical activity questionnaire indicated that Fit & Firm partici-

pants were expending almost twice as many calories per kilo-
gram of body weight per day in moderate and more vigorous
physical activities (baseline-adjusted mean = 1.30 cal/kg/day)
relative to Stretch & Flex participants (adjusted mean = 0.69;
F[4,97] = 9.73, p<. 002).

Domain 1: Changes in functional capacity and endurance.—
Participants assigned to the Fit & Firm group showed signifi-
cantly greater 12-month improvements in submax heart rate
(i.e., fewer beats/minute at a submaximal work load) during
treadmill exercise testing than Stretch & Flex participants
(F[4,9 ]]-3.59,p< .03, one-tailed test). There were no signifi-
cant differences in VO2max or treadmill exercise test duration
change between the two groups (all groups improved with the
exception of women in the Stretch & Flex group). Nor was
there a significant interaction effect with gender for any of the
treadmill performance variables. As expected, men had higher
VO,max levels than women at 12 months (F[4,91] = 4.22, p <
.02, one-tailed test).

Domain 2: Changes in upper-body strength.—Participants
assigned to the Fit & Firm condition showed significantly
greater 12-month improvements in the lift and reach task com-
pared to Stretch & Flex participants (F[4,95J = 3.93, p < .025,
one-tailed test). No significant effects were observed for gender
or for the Gender X Condition interaction.

Domain 3: Changes in lower-body strength.—No significant
between-group effects were observed for the chair sit to stand
task. Men had higher 12-month scores on this task than women
(p < .015, one-tailed test).

Domain 4: Changes inflexibility.—A Gender X Group in-
teraction was found for the sit and reach task (F[4,91 ] = 3.67,
p < .029, one-tailed test), with men assigned to Stretch & Flex
showing a greater increase in flexibility relative to men assigned
to Fit & Firm, while the reverse pattern was observed for
women (i.e., Fit & Firm women showed a pattern of somewhat
greater increases than Stretch & Flex women, although this did
not reach statistical significance; see Table 1). There was also a
significant main effect for gender (p < .003, one-tailed test),
with women demonstrating greater flexibility at 12 months
than men.

Domain 5: Changes in self-rated physical performance.-—
The MANCOVA evaluating overall between-group differences
on the two measures constituting the self-rated physical perfor-
mance domain—including the three subscales contained in the

Table 2. Exercise Adherence Rates, by Condition Assignment and Gender, Across the 12-Month Intervention Period

Fit & Firm Stretch & Flex

Variables

n

Mean Exercise Adherence Rate (%):
Class adherence rate:*
Home adherence rate:

Women

33

80.5 (32.8)
67.1 (24.2)
92.2 (54.5)

Men

17

76.6(31.5)
60.3 (32.3)
92.8 (42.5)

Women

29
75.5(31.0)
64.7(31.7)
86.3 (44.4)

Men

17

88.2(19.3)
74.4(21.8)

102.0(40.8)

Note: Values represent mean (SD).
*Forboth exercise conditions, home adherence > class adherence atp < .0001 (two-tailed test).
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Colorado Walking Impairment Scale and the four subscales
contained in the Self-Efficacy for Physical Performance Scale
—was significant (F[7,99] = 2.46, p < .01, one-tailed test).
Planned ANCOVAs were subsequently conducted on the three
Colorado walking impairment and four self-efficacy subscales.

1. Colorado Walking Impairment subscales. There was a
significant main effect for group on the walking distance sub-
scale, with Fit & Firm participants reporting greater improve-
ment in their ability to walk distances relative to the Stretch &
Flex participants (F[4,99J = 9.60, p< .002, one-tailed test). No
significant between-group differences were observed for the
walking speed or walking impairment subscales. Similarly, no
gender-related main or interaction effects were found.

2. Self-Efficacy for Physical Performance subscales. There
was a significant main effect for group with respect to self-
efficacy related to strength, with Fit & Firm participants report-
ing greater improvement in their confidence for lifting increas-
ingly heavy objects relative to Stretch & Flex participants
(F|4,99J = 3.66, p < .03, one-tailed test). In addition, men re-
ported greater 12-month self-efficacy for being able to lift ob-
jects relative to women (p < .005). Similarly, there was a sig-
nificant main effect for group on the self-efficacy for walking
subscale, with Fit & Firm participants reporting greater in-
creases in their confidence for walking a range of distances rel-
ative to Stretch & Flex participants (F[4,99\ = 7.81, p < .003,
one-tailed test). No significant between-group or gender effects
were found for the self-efficacy for stair climbing or accom-
plishing daily activities subscales.

Domain 6: Changes in perceived functioning and well-
being.—There was a significant main effect for group for the
self-rated Physical Health Index, with Stretch & Flex partici-
pants reporting greater improvements on this index relative to
Fit & Firm participants (F[4,98J = 4.85, p < .03, two-tailed test).
Planned ANCOVAs were conducted subsequently on the two
MOS-derived scales contained in this index—the physical func-
tioning scale and the two-item general bodily pain scale. The
ANCOVA on the pain scale indicated that Stretch & Flex par-
ticipants reported significantly greater improvements in daily
pain levels (signified by an increased score) relative to Fit &
Firm participants (F[4,98] = 12.29, p < .0007, two-tailed test)
(see Figure 1; note that within-group changes observed in the
Stretch & Flex condition reached statistical significance [ p <
.036], while within-group changes observed in the Fit & Firm
condition did not). There were no significant gender or Gender
X Group interactions for this scale. There were no statistically
significant between-group or within-group effects found for the
physical functioning scale.

No significant main or interaction effects were found for the
Psychological Health Index. Evaluation of within-group
changes from baseline to 12 months, undertaken for descriptive
purposes only, indicated that the scores on the scales constitut-
ing this index remained relatively stable across the study pe-
riod. The only indications of improvement over time were for
the MOS energy/fatigue scale, for which the Fit & Firm group
reported significant pre-post improvements (paired-comparison
t test = 2.]5,p < .037, two-tailed); and the MOS emotional
well-being scale, for which the Stretch & Flex group reported
significant pre-post improvements (paired-comparison t test =
2.18, p<. 034, two-tailed).

Evaluating the Time Course of Change: 6-Month Results
The interim assessment at 6 months occurred at a different

time of the year for each participant than the baseline and one-
year assessments, and garnered somewhat lower participation
rates than the 12-month assessment. However, evaluating out-
comes at this interim timepoint can nonetheless be instructive
with respect to understanding the time course over which
changes in outcomes of interest were made. For those outcomes
for which significant between-group differences were noted at
12 months, ANCOVAs were conducted to evaluate whether
such differences were apparent at the 6-month assessment.
Significant 6-month main effects for group (with greater im-
provement in Fit & Firm relative to Stretch & Flex) were found
for submaximal heart rate only (F[4,76J = 6.90, p < .005, one-
tailed test). No other significant group or Gender X Group ef-
fects were noted at 6 months.

Exercise-Related Injuries
Exercise-related injuries reported at the assessments and

noted on the exercise logs and during the regular telephone con-
tacts were found to be minimal (reported by less than 10% of
subjects) for both exercise programs. The most frequent physi-
cal activity-related symptoms (constituting approximately three
fourths of those reported) were muscle soreness and pain
around the joints, and these were quickly resolved with an ad-
justment of the exercise program and instructions for self-care.
No participant in either exercise condition suffered an injury or
symptom that was severe enough that they had to end participa-
tion in the study.
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Figure 1. Means and standard errors for rated bodily pain scores at baseline
(shaded bars) and 12 months (hatched bars) by condition assignment; note that
an increase signifies improvement. *Stretch & Hex condition significantly dif-
ferent from Fit & Firm condition at 12 months at p < .0007 (two-tailed test).
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DISCUSSION
The results of this study extend previous findings supporting

the efficacy of physical activity regimens focusing on en-
durance and strengthening exercises in enhancing both mea-
sured and self-rated physical performance and functioning
(7,8,11). Men and women assigned to the Fit & Firm program
showed improved upper-body strength as measured by a func-
tional task (i.e., the lift and reach task) as well as significant im-
provements in their heart rate response to a submaximal work
load relative to the Stretch & Flex program participants.
Improvements in submaximal performance may provide a bet-
ter reflection of physical activity participation in older adults
than maximal treadmill measures, which have been noted to be
only modestly related to physical activity levels among older
populations (52). Significant improvements in perceptions of
endurance and strength as measured by the Colorado Walking
Impairment Scale and the Self-Efficacy for Physical Per-
formance Scale were also obtained in Fit & Firm relative to
Stretch & Rex participants. In contrast, the men assigned to the
Stretch & Flex program showed significant improvements in
flexibility relative to the Fit & Firm men, the latter group of
whom tended to show a decrease in flexibility across the one-
year period. This result underscores the importance of building
in a specific regimen of flexibility exercises as a regular part of
exercise programs aimed at older adults (11). This issue may be
particularly important for older men, who may have reduced
flexibility relative to female peers.

Both women and men assigned to the Stretch & Flex pro-
gram also reported a significant improvement in their overall
bodily pain levels across the 12-month period relative to partici-
pants assigned to the Fit & Firm program. This finding is no-
table in light of the dearth of information currently available on
the effects of stretching and flexibility training, relative to other
forms of exercise, on such perceived functioning and well-
being outcomes (10,16), as well as the importance of bodily
pain levels to overall quality of life (34).

In contrast, no between-group differences and few within-
group changes were found for those scales constituting the psy-
chological functioning portion of the perceived functioning and
well-being domain. This may be due to a ceiling effect in the
relatively high-functioning sample being studied, or to a lack of
sensitivity to change with respect to the MOS scales and related
perceived functioning and well-being instruments under study.
Of relevance to these issues, a recently completed investigation
of the effects of a moderate-intensity physical activity interven-
tion in a more infirm sample of elders indicated significant im-
provements across a 6-month period on several psychological
well-being indicators (e.g., self-esteem, psychological well-
being) using similar measures (40).

Apart from the submaximal heart rate changes, none of the
significant 12-month improvements discussed above were dis-
cernible at the 6-month assessment. This suggests that older
adults undertaking similar forms of physical activity will likely
need to participate regularly throughout a year before such ben-
efits may become noticeable.

A combination of formats (class-based and home-based)
was used to optimize the safety and effectiveness of both
community-based physical activity programs. Classes were
used to enhance accurate and safe exercise performance, partic-
ularly with respect to the strengthening and flexibility exercises.

The home-based portion was included to facilitate long-term
exercise adherence (43). The combination of these two formats
resulted in excellent overall exercise adherence across the 12-
month period for both physical activity programs with a mini-
mal number of injuries. In addition, similar to a study under-
taken with adults between the ages of 50 and 65 years, the
home-based format resulted in significantly greater exercise
adherence than the class-based format for both physical activ-
ity programs (43). This suggests that the telephone-supervised
home-based format may provide a more convenient means for
promoting regular exercise participation even in postretirement
populations.

The use of single measurement instruments for several of the
domains, in combination with omnibus testing and factor ana-
lytic strategies for those domains represented by more than one
instrument or scale, was applied to curb potential proliferation
of Type I error. This approach was deemed preferable to other
approaches to this issue (e.g., the Bonferroni correction) in light
of the extremely conservative nature of the latter approach, and
the fact that so few data are currently available in many of the
functioning domains of interest for the two types of physical
activity regimens and the older population being targeted (10).
Future studies in this area are indicated to evaluate the repro-
ducibility of the current results in similar populations.

Similar to a previous physical activity study undertaken in
the target community, population-based recruitment techniques
(i.e., a random-digit-dial telephone survey) were used to enu-
merate a broad portion of the older adult segment of the com-
munity who were deemed eligible for study participation (17).
The analyses comparing study enrollees with eligible persons
who refused study participation indicated that enrollees may
have had a generally greater level of health awareness and more
motivation to pursue outside activities (as evidenced by a
greater percentage reporting involvement in work and volunteer
activities) than those who did not enroll. Continued efforts to
evaluate strategies to enhance enrollment of the latter subgroup
remain indicated. In addition, the target community was well-
educated and largely white. Further research is needed to de-
termine the best ways of adapting both the exercise programs
and recruitment strategies to communities differing on such
variables.

We conclude that community-based physical activity regi-
mens focusing on moderate-intensity endurance and strength-
ening exercises or flexibility exercises can be delivered through
a combination of formats that result in improvements in impor-
tant functional and quality of life outcomes. The challenge re-
mains to develop strategies to foster long-term adherence to a
combination of both exercise programs. Supervised home-
based exercise provides an attractive means for augmenting
class-based instruction and enhancing participation rates in
older adults.
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