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Background. As exercise is associated with favorable health outcomes, impaired older adults may benefit from specialized
exercise interventions to achieve gains in function. The purpose of this study was to determine the added benefit of a spinal
flexibility-plus-aerobic exercise intervention versus aerobic-only exercise on function among community-dwelling elders.

Methods. We employed a randomized clinical trial consisting of 3 months of supervised exercise followed by 6 months of
home-based exercise with telephone follow-up. A total of 210 impaired males and females over age 64 enrolled in this study.
Of these, 134 were randomly assigned to either spinal flexibility-plus-aerobic exercise or acrobic-only exercise, with 116 indi-
viduals completing the study. Primary outcomes obtained at baseline, after 3 months of supervised exercise, and after 6 months
of home-based exercise included: axial rotation, maximal oxygen uptake (VO,max); functional reach, timed-bed-mobility; and
the Physical Function Scale (PhysFunction) of the Medical Outcomes Study SF-36.

Results. Differences between the two interventions were minimal. Overall change scores for both groups combined indi-
cated significant improvement for: axial rotation (p=.0011), VO,max (p=.0001), and PhysFunction (p=.0016). Secondary im-
provements were noted for overall health (p=.0025) and reduced symptoms (p=.0008). Differences between groups were sig-
nificant only for VO,max (p=.0014) at 3 months with the aerobic-only group improving twice as much in aerobic capacity as
the spinal flexibility-plus-aerobic group. Repeated measures indicated both groups improved during the supervised portion of
the intervention but tended to return toward baseline following the home-based portion of the trial.

Conclusions. Gains in physical functioning and perceived overall health are obtained with moderate aerobic exercise. No

differential improvements were noted for the spinal flexibility-plus-aerobic intervention.

YSICAL activity is associated with decreased mortality,
morbidity, and functional decline (1-5). Regular exercise has

a beneficial impact on cardiovascular and musculoskeletal im-
pairments and often translates into favorable gains in the perfor-
mance of daily tasks (6-10). Most exercise interventions target-
ing improved physical functioning focus on strength, balance,
gait, cardiorespiratory fitness, and extremity flexibility. Spinal
flexibility has received less attention but is an important dimen-
sion of function. Spinal flexibility may decrease between 25%
and 50% with age and is an essential prerequisite for normal
movement (11). In a group of 79-year-olds, Bergstrom and asso-
ciates (12) found that individuals with restricted spinal flexibility
had significantly more difficulty in entering public transportation
vehicles, increased use of walking aids, difficulty reaching above
head, and more difficulty climbing stairs than those without
spinal restrictions. Schenkman and colleagues (11) found posi-
tive associations between spinal flexibility and the ability to
reach, turn, and go from a supine to sitting position. These results

suggest that adequate spinal flexibility is an important dimension
of physical performance. Although the mechanisms of such are
unknown, lack of spinal flexibility may be a possible source of
decline in the physical capabilities of older adults.

We conducted a randomized clinical trial that compared two
programs: a spinal flexibility-plus-aerobic exercise versus aero-
bic-only exercise, among at-risk community-dwelling elders.
Our primary outcomes included measures of impairment (spinal
flexibility and cardiorespiratory fitness); functional limitations
(functional reach and timed-bed-mobility); and disability (global
physical functioning). We compared changes following 3 months
of supervised exercise and following 6 months of home-based
exercise. Our secondary goal was to examine changes in per-
ceived symptomatology and in spinal flexibility and configura-
tion (thoracic kyphosis and lumbar lordosis) resulting from the
intervention. To assess the generalizability and potential biases of
our results, we describe differences between individuals complet-
ing the study and those who declined to participate or withdrew.



METHODS

The study was conducted at the Department of Veterans
Affairs and Duke University medical centers in Durham, North
Carolina. The protocol for the clinical trial was reviewed and ap-
proved annually by the Duke and VA institutional review boards.

Farticipants

Participants (n=486) were recruited through mailings and
telephone calls to age-eligible persons from the Duke Aging
Center Registry and by word of mouth (Figure 1). Of those con-
tacted, 286 agreed to a telephone interview to determine initial
eligibility. Our goal was to target individuals at risk for func-
tional decline because of impaired cardiorespiratory fitness
and/or spinal flexibility. Thus, individuals reporting regular ex-
ercise were considered “not at risk” for functional decline and
were excluded. Nineteen of those interviewed were regular,
vigorous exercisers; 57 declined further participation. The re-
maining 210 potential participants agreed to undergo more in-
tensive screening to determine their eligibility for the study.
They reported for a physical examination and provided in-
formed consent and demographic information.

Further eligibility for the study was determined during three
separate visits using the criteria presented in Table 1. These in-
cluded a medical history and physical examination conducted
by a board-certified geriatrician (RJS); a visit to the Postural
Control Laboratory to assess flexibility, physical functioning,
and self-reported functioning and disability; and a visit to the
Exercise Testing Laboratory to assess cardiorespiratory fitness
and screen for the presence of cardiovascular disease.

Of the 210 individuals who consented to enroll in the study,
24 dropped out during the screening process, 23 were excluded
because they were not at risk for functional decline, and 29 were
excluded for medical reasons. Every effort was made to be as in-
clusive as possible. A cardiologist (KGM) reviewed the exercise
tests and excluded only those individuals with evidence of sig-
nificant coronary disease. In some cases, individuals with late,
minimal evidence of ischemia were allowed to participate at a
reduced exercise intensity. Other individuals were allowed to
participate if further evaluation of cardiovascular disease, under-
taken at the individual’s expense, proved negative, In total, 134
individuals were randomized to the exercise interventions.

Measures

Participants completed comprehensive functional and pyscho-
social evaluations prior to randomization, after 3 months of super-
vised exercise program, and after 6 months of home-based exer-
cise. The assessments were conducted on two separate days within
a 7-day period at the participants’ convenience. Data were col-
lected in two sites (Postural Control Laboratory and Exercise
Testing Laboratory) by technicians blinded to study assignment.

Postural control laboratory—Spinal flexibility, physical per-
formance, self-reported disability, and quality of life measures
were obtained during a 3-hour visit. All measures were adminis-
tered by two technicians following a computer-assisted struc-
tured protocol. Impairment in spinal flexibility was assessed
using functional axial rotation (pointer), a measure not restricted
to single plane movement that combines cervical, thoracic, and
lumbar mobility (13). We averaged two trials measuring left and
right axial rotation. Functional limitation was assessed by: (a)

functional reach (maximal distance reached in standing without
taking a step), the mean of three trials (14), and (b) timed-bed-
mobility (total time to move from a supine position to a standing
position at normal pace), the mean of two trials. Prior to testing,
all technicians underwent rigorous training to establish inter-
and intraindividual reliability. Interclass correlation coefficients
ranged from 0.70 to 0.96 for flexibility and performance mea-
sures (15). Disability was assessed by self-administration of the
Physical Functioning Scale (PhysFunction) of the Medical
Outcomes Study SF-36 (16). The scale asks how present health
limits ability to bathe, dress, walk, climb stairs, carry groceries,
and perform moderate to vigorous activities (16, 17).

Other self-reported measures included a comorbidity disease
and symptom index. The disease index, for 21 unique medical
conditions, asked each person to respond in the affirmative or
negative to the following question: “Since you were 55 has a doc-
tor ever told you that you have had 7’ Diseases cited
included angina, congestive heart failure, heart attack, stroke,
Parkinson’s disease, lung disease, arthritis, osteoporosis, depres-
sion, sleeping disorder, chronic pain syndrome, cancer, diabetes,
visual diseases, and surgical procedures. The symptom index, for
22 unique symptoms, asked each subject to respond in the affir-
mative or negative to the following question: “Within the last
month, do you currently have 7" Symptoms cited in-
cluded chest pain, shortness of breath, muscle weakness, fatigue,
dizziness, nausea, balance problems, fear of falling, sadness, anx-
iety, visual problems, pain, cramps, numbness, incontinence,
confusion, and difficulty sleeping at night. Individuals reporting
the presence of a disease or symptom were then asked how it
limited their function on a 4-point scale ranging from “not at all”
to “quite a bit.” Overall ratings of general quality of life (single-
item question taking every aspect of life together and rating qual-
ity from excellent to poor) and health-related quality of life,
Question 1 of the SF-36 (16), were also ascertained.

Exercise testing laboratory—Cardiorespiratory fitness was as-
sessed via a symptom-limited maximal exercise tolerance test
performed in a fasting or near-fasting state. A practice exercise
test was administered to each participant to screen for cardiovas-
cular disease and to determine if the subject exceeded the fitness
limits of our study design. The practice test was performed on a
Marquette Series 1000 treadmill (Marquette Electronics, Milwau-
kee, WI) using a protocol developed by our laboratory for older
adults. All subsequent exercise tests used a modified protocol
specific to the individual’s baseline fitness that was repeated at
baseline and at each follow-up. Maximal oxygen consumption
was obtained from the oxygen consumption recorded at the peak
workload. Weight was measured in pounds and height in inches,
without shoes, for estimation of body mass index during this visit.

Intervention

Overview.—Upon completion of all baseline assessments, eligi-
ble participants (n=134) were randomly assigned to one of two
treatment groups. Computer-generated randomization assignments
were contained in envelopes that were unsealed after baseline data
collection was completed. Block randomization occurred on the
basis of gender and high (>13 inches) versus low (<13 inches)
functional reach. A cutpoint of 13 inches was selected for stratifica-
tion based on previous research, indicating that 13 inches was an
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approximate mean value of community dwellers (18). Spouses and For the supervised component of the study, both groups met
close friends who carpooled were randomized togetherinorderto  for one-hour sessions, 3 days a week for 3 months at the VA

minimize contamination between the interventions.

Medical Center. Each session consisted of approximately 10 min-
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Figure 1. Progress through the stages of the clinical trial.
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Table 1. Exclusion Criteria

Determined From the Telephone Interview
Age, <65 years
Currently regular, vigorous exerciser

Determined From Medical History and Physical Examination

Score < 7, Short Portable Mental Status Questionnaire

Less than 20/100 corrected vision

Unstable angina

Congestive heart failure within last 12 months

Myocardial infarction within previous 6 months

Unstable chronic obstructive pulmonary disease requiring Prednisone in last
12 months

Cerebrovascular accident or fixed hemiparesis resulting in nonfunctional
upper extremity

Uncontrolled hypertension with diastolic > 100 mmHg

Active progressive neurologic diagnosis, <4/5 motor strength or loss of light
touch

Lower extremity amputation, must have great toe

Determined From Laboratory Assessments

Peak oxygen uptake: > 27 ml/kg/min (males); > 25 ml/kg/min (females)
Axial rotation: > 120 degrees (combined left and right sides)

utes of warm-up and stretching exercises, 40 minutes of interven-
tion exercises, and 5 to 10 minutes of cool-down exercises.
Participants were asked to exercise at home on the weekend for a
fourth session to prepare for the home component of the study.

Participants in both groups were required to complete 36 ses-
sions before advancing to the 6-month home-based program.
To accommodate vacations, illness, or unscheduled events,
missed sessions could be made up at their convenience during
the 3-month period or for up to an additional 4 weeks beyond
the 3-month period. Participants not completing 36 sessions
within a 16-week period were coded as low compliers.

Aerobic-only intervention—Subjects randomized to the aero-
bic-only intervention were offered two exercise modalities, brisk
walking and/or stationary bicycling. The intervention was struc-
tured such that exercise was done in two contiguous 20-minute in-
tervals. In general, subjects began exercising at 5-minute intervals
with gradual increments in time and intensity over a 4-.to 8-week
period until the subject was able to tolerate continuous exercise at
approximately 70% of his/her heart rate reserve. Throughout the
study period, exercise intensity was increased as needed in order
for the individual to remain at the desired exercise intensity, as in-
dicated by heart rate or rating of perceived exertion.

Spinal flexibility-plus-aerobic intervention—Subjects random-
ized to the spinal flexibility-plus-aerobic intervention followed the
protocol described above for a single 20-minute bout of aerobic ex-
ercise followed by approximately 20-30 minutes of spinal flexibil-
ity exercises. The exercises were designed to promote spinal mo-
bility in different positions starting with very supported positions in
supine, sidelying, and prone, and progressing through less sup-
ported and more demanding positions of quadruped, sitting, and
standing. For example, during the first week of exercise, partici-
pants focused on deep breathing and relaxation of the neck and
trunk by doing a series of slow, relaxed movements that isolated
hip abduction and adduction, internal and external shoulder rota-
tion, and cervical rotation. During Week 2, in addition to Week 1
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exercises, segmental movement of the spine and upper quadrant
was emphasized from a sidelying position with exercises empha-
sizing thoracic movement. Week 3 added exercises focusmg on
spinal flexion and extension from a prone position. New exercises
were added each week to gradually increase spinal and extremity
range of motion through the relaxation of synergistic muscles and
lengthening of soft tissue structures. For each of the different posi-
tions, suggestions were made for incorporating learned activities
into activities of daily living, such as efficiently getting on or off a
bed, rising from a seated position, or promoting correct posture
while driving. To enhance leaming these exercises correctly, partic-
ipants where given a handbook with text and pictures on the first
day of the program. Participants were encouraged to refer to the
handbook when exercising independently on the weekend(l9)

Pmpamtzons for home-based program.—Each participant was
asked to exercise one day on the weekend during the hospital-
based program to prepare for the home-based portion of the study.
Participants were loaned exercise bicycles and exercise mats from
the sixth week on, for the entire duration of the study, to facilitate
compliance with the programs. Each week an exercise leader dis-
cussed the “homework™ and offered encouragement, suggestions,
and advice to maximize compliance. Exercise diaries were main-
tained by the participants. Two weeks prior to completion of the
supervised portion of the program, an exercise leader spent ap-
proximately 20 minutes discussing a home program plan with
each participant. The planner offered suggestions regarding opti-
mizing exercise compliance in terms of exercise times, clothing,
partners, inclement weather, and what to do if an illness occurred.

Home-based program.—Following completion of the second
assessment of measures, participants began home-based exercise.
They exercised 4 days a week for 6 months following the same
exercise modality they had been assigned. Target heart rates were
adjusted according to their most recent exercise test results.

An exercise leader telephoned each participant every 2 weeks
to inquire about exercise participation. Participants were asked
about health and medication changes, self-reported exercise com-
pliance on a 1-10 scale, number of exercise sessions, average time
spent per session, whether they were in their training range or not,
and if they remembered to do warm-up and cool-down exercises.

Statistical Analyses

All analyses were conducted using SAS System software (20).
First, to assess if randomization was effective, differences be-
tween the intervention groups for the average baseline demo-
graphic and physical variables were examined. Next, our primary
analyses assessed change in measures of impairment, perfor-
mance, and disability due to one of two exercise interventions.
For each of the primary outcomes (axial rotation, VO,max, func-
tional reach, timed-bed-mobility, and PhysFunction), change
scores (baseline to 3 months, 3 months to 9 months, and baseline
to 9 months) were calculated. A repeated-measures model using
intention to treat as a grouping factor was used to calculate the ef-
fect of the intervention, both overall (both groups combined) and
by group for each outcome measure. That is, all subjects were in-
cluded in the analyses irrespective of compliance or dropout sta-
tus so long as they had baseline testing. To help ensure that the
obtained intervention effect was not due to confounding, a model
was created to estimate the effect of the intervention controlling
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for baseline age, sex, race, education, level of compliance during
the home program, body mass index, total number of comorbid
diseases, and high or low baseline functional reach.

Several secondary analyses were performed: (a) we exam-
ined whether changes in overall health and symptomatology
and/or structural configuration of the spine occurred as a result
of the interventions, and (b) we compared baseline demo-
graphic and physical functioning between individuals complet-
ing the study and those who declined to participate or with-
drew, in order to evaluate selection bias.

REsuLTS

The characteristics of the 134 randomized study participants
are shown in Table 2. Race and gender distributions were similar
to those of the counties from which they were recruited. Recruits
for this study reported higher education levels than the average for
the surrounding counties. The most prevalent self-reported medi-
cal conditions in this sample were arthritis (49%), cardiovascular
diseases (40%), orthopedic problems including joint replacement,
broken bones, and osteoporosis (38%), cataracts (37%), and his-
tory of cancer (19%). There were no statistically significant differ-
ences between the groups at baseline for the variables listed.

A total of 17 subjects withdrew from the study during the su-
pervised portion of the protocol (8 spinal flexibility-plus-aero-
bic, 9 aerobic-only). All but 10 of the remaining participants
(91%) attended all 36 sessions. Exercisers attending sessions
were within their prescribed exercise range heart rates 69% of
the time. Of the 117 subjects who entered the 6-month home
program, 97% completed the home portion of the program and
the final testing. The three subjects who did not complete final
testing stopped because of health reasons (stroke, cancer,
surgery). Home exercisers reported being compliant with their
programs on average 67% of the time on the basis of their exer-
cise diaries and telephone interviews.

Primary Outcomes

Changes in impairment, performance and disability—The
changes in the primary study measures are presented in Table 3.
Overall, for both groups combined, the omnibus tests of time
were significant for axial rotation (p=.0011), VO,max
(p=.0001), and PhysFunction (p=.0016). However, in follow-up
tests of the individual time periods, we discovered that these
changes were driven by improvement that occurred during the
supervised portion of the project. P values for the individual
time periods are indicated in Table 3. There were no significant
differences in physical performance tests over time (functional

Table 2. Baseline Comparison of Groups

Spinal Flexibility-Plus-Aerobic Aerobic
Variable n=64 n=70
Gender: % female 69% 70%
Race: % African American 30 21
Marital status: % married 48 60
Mean age 719+58 719+46
Mean years of education 13.8+3.0 137+26
Mean number of diseases reported 41+23 37x23
Mean body mass index . 279+44 283+42
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reach p=.279; timed-bed-mobility p=.640). Differences between
intervention were significant only for VO,max (Time X Group
interaction, p=.0014), possibly indicating a dose-response effect
of 20 versus 40 minutes of aerobic exercise. These results were
essentially unchanged after controlling for age, sex, race, educa-
tion, level of compliance, body mass index, total number of co-
morbid diseases, and high or low functional reach.

Secondary Outcomes

Changes in symptomatology.—As indicated in Table 4, par-
ticipants in both groups reported significant improvements in
overall health (p=.0025), total number of symptoms reported
(p=.0008), and the effect of symptoms on functional limitations
(p=.0002). There were no changes in self-reported overall qual-
ity of life, total number of diseases reported, or the effect of dis-
eases on functional limitations.

Changes in structural configuration and regional measures
of spinal flexibility—There were no differences between groups
for any of the measures of structural configuration examined.
Overall changes were observed for cervical rotation (p=.001)
and lumbar (flexion plus extension) range of motion (p=.04)
but not for cervical extension and lumbar or thoracic kyphosis.

Effect of supervision—The effect of the supervised compo-
nent of the intervention was potent. As indicated in Figure 2, the

Table 3. Changes in Impairment, Performance, and Disability

Groups Combined*
pvalue p value

Baseline 3 Months 9 Months  0-3 mos 0-9 mos
Impairment Measures
Axial rotation (degrees)
SF+ 103.18£9.77 10690+ 12.08 10442+ 1373 0111 944
Aer 103.78 £ 12.33 106.88 +13.57 10432+ 13.91
VO,max (ml/kg/min)
SF+ 1878 +4.11 1950+4.57 1895+436 T 071

Aer 18.19+432 20.19+487 19.11+5.19

Functional Limitation Measures
Functional reach (inches)
SF+ 13424242 13884226
Aer 1360+226 13.67+2.14
Timed-bed-mobility (seconds)
SF+ 542+207 526+198
Aer  491=x1.56 483+1.13
Disability Measure
Physical functioning (mean, 0 = low functioning—100 = high functioning)
SF+ 71.64+2060 79.68+17.01 7341+2194 0035 687
Aer 7657+1842 7970+ 1854 78.67+19.56

1404+£246 657 .260
1395+2.39

537+178 639 816
5.06 +1.75

Notes: SF+ = spinal flexibility-plus-aerobic group; Aer = aerobic-only group.

*No between-group differences were noted except for VO,max; therefore, re-
ported p values indicate overall significance of change over time compared to
baseline for both groups combined. All results are based on intention-to-treat
analysis and include control for group, Group X Time interaction, age, race,
years of education, no. of chronic diseases, body mass index, baseline high or
low functional reach, and no. of weeks participants complied to exercise pro-
gram during the home phase of the protocol.

Significant Group X Time interaction (p = .0114); aerobic-only group im-
proved twice as much as spinal flexibility-plus-aerobic group.
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Table 4. Changes in Quality of Life and Symptoms

Groups Combined*
p value p value
Baseline 3 Months 9Months -3 mos (-9 mos

General quality of life (mean, Likert scale: 1 = Excellent-5 = Poor)
SF+ 233+£071 2252325 238074 3944 4172
Aer 2.17+0.80 2.10+0.74 2.19+0.87

Health-related quality of life (mean, Likert scale: 1 = Excellent—5 = Poor)
SF+ 270+£0.71 237073 251083 .0009 .3762
Aer 237+0.73 221077 2.38+085

Effect of disease on functional limitations (1 = Not at all-4 = Quite a bit)
SF+ 484440 438 +3.67 453+432 8469 2073
Aer 4.19+3.88 408 +348 4.69+3.96

Total number of symptoms (mean)
SF+ 4.63+3.27 402+3.39 470405 0001 .0567
Aer 487+3.52 3.56 £2.55 405+292

Effect of symptoms on functional limitationst (1 = Not at all-4 = Quite a bit)
SF+ 463 +7.87 739+ 7.05 923+826 .0001 .1999
Aer 8.80+738 5.63 +4.70 730+5.75

Notes: SF+ = spinal flexibility-plus-aerobic group; Aer = aearobic-only group.

*No between-group differences were noted, therefore, reported p values in-
dicate overall significance of change over time compared to baseline for both
groups combined. All results are based on intention-to-treat analysis.

+The effect of diseases or symptoms on limitations were calculated as the
total score times the number of individual diseases or symptoms reported.
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impairment and disability measures improved, and reported
symptoms were reduced between baseline and the 3-month test-
ing periods. Following completion of the home-based program,
there was an attenuation of the effect of the intervention. For
every variable examined, with the exception of functional reach,
this pattern of change was the same. Changes were observed in
the desired direction following participation in the hospital-
based component of the program followed by a gradual return to
near-baseline levels following completion of the home program.

Selection bias.—Comparisons between those recruited indi-
viduals who declined to participate, those who started but did not
complete, and those who completed the 12-week supervised por-
tion of the program indicated few differences. Decliners were
significantly older than participators (74.3 years vs 71.5 years,
p=.007). Baseline VO,max was significantly lower for those who
did not complete the 12-week supervised portion of the program
compared to those who did complete the program (16.29

ml/kg/min vs 18.56 ml/kg/min, p=.018). There were no other dif-
ferences among the variables examined between the three groups.

DiscussION

We hypothesized a priori that the spinal flexibility-plus-aero-
bic arm of the clinical trial would yield significant improve-
ments in performance measures above and beyond those expe-
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rienced by participants involved in a more traditional, aerobic
exercise intervention. We further hypothesized that improved
performance measures would result in reduced self-reported
disability. However, we found that participants in this clinical
trial benefited from both exercise interventions. The differences
between the two interventions were negligible. Therefore, we
will limit much of our discussion to overall effects.

The primary measures of impairment, axial rotation and
VO,max, improved significantly for both groups. Changes in
axial rotation were small and may have resulted from a general
improvement in overall physical activity experienced by both
groups. It is possible that the spinal flexibility-plus-aerobic
group was underdosed in the spinal flexibility exercises. Among
Parkinson’s patients, a similar program with patients treated in-
dividually by a physical therapist for 40 minutes three times a
week resulted in statistically and significant differences when
compared to a placebo group (21).

In our study the only between-group effect was noted for
aerobic capacity and most likely indicates a dose response.
Percent changes for VO,max were 3.8% and 10.9% for individ-
uals undergoing 20 minutes or 40 minutes, respectively, of aer-
obic exercise during the study. A meta-analysis conducted by
Green and Crouse (22) indicated an average 14% improvement
in cardiorespiratory fitness for older adults following endurance
training. In comparison, participants in our study had a substan-
tially lower mean baseline oxygen consumption than those in
the Green and Crouse analysis (18.8 vs 24.1 ml/kg/min) and
most likely had more comorbidities than the average individual
included in the Green meta-analysis (22). It is encouraging to
note that our participants, who had impaired cardiorespiratory
fitness and coexisting morbidities, were able to achieve mean-
ingful gains in aerobic capacity.

There were no overall changes in any of the performance
measures. This finding was unexpected given that we had pre-
viously observed improvement in functional reach following
exercise training in a pilot study conducted prior to this inter-
vention trial (23). The exercises employed in the pilot study in-
volved active challenges to balance by having participants work
on rocking platforms and balance beams. The current interven-
tion involved active movement in a relaxed manner designed to
increase flexibility, followed by incorporation of these move-

- ments into daily activities. Balance control was not specifically
challenged. A change in functional reach, a measure of balance
control, may require more specific balance training than the one
provided by our intervention.

There was a trend toward attenuation of gains during the un-
supervised portion of the program. Furthermore, compliance to
the intervention was diminished during this same period. The
reported compliance during the home-based program was simi-
lar to rates reported by others (24). We are unable to determine
if reduced compliance is due to reduced social support, lack of
supervision, exacerbation of a preexisting condition, or some
other unmeasured factor.

‘We limited our study sample to individuals we considered at
risk for functional decline on the basis of impaired cardiorespi-
ratory fitness and spinal flexibility. The average cardiorespira-
tory fitness of our randomized sample was equivalent to the
aerobic capacity the Social Security Administration uses as one
of its criteria for disability (25). Our participants averaged 2.5
coexisting diseases, and 32% reported limitations in performing
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moderate activities (data not shown). Despite our efforts, partic-
ipants in this study were younger than recruited individuals
who refused to participate. Those who completed the study
were more aerobically fit at baseline than those who did not
complete the study. Our exploratory analyses (data not shown)
implied that the interventions were more beneficial to the tar-
geted population (i.e., the frailer individual). Individuals in the
lowest percentile of aerobic capacity improved the most on
measures of impairment and disability.

In summary, our data provide further evidence that moderate
exercise is associated with gains in physical functioning that are
accompanied by gains in overall quality of life and reduced
symptoms. The least aerobically fit individuals appeared to ben-
efit the most. Given the negligible differences between groups
and the retative low cost of a simple aerobic intervention, health
care practitioners should note that qualitative gains can be ob-
tained with relatively moderate effort on the part of their clients.

ACKNOWLEDGMENTS

This work was supported by the National Institute on Aging, Claude D.
Pepper Older Americans Independence Center, Grant 5 P60 AG-11268, and by
the National Institutes of Health, National Center for Research Resources,
General Clinical Research Centers program Grant MO1-RR-30.

We gratefully acknowledge Dr. Harvey Jay Cohen for his leadership and un-
wavering support throughout the project; Jama Purser, Suzanne Harris, Tracy
Morrell, Thomas Beischer, Lavois Blankenship, Larry Preston, and Laurie Ray
for technical and clinical contributions from the Pepper Center Measurement
Core; Carrie Taylor, Jennifer Edwards, and Vera Nebel from the Pepper Center
Analysis Core; James A. Stanfield and Deborah Bullock for their technical and
clinical contributions from the VA Nuclear Cardiology Laboratory; the staff at
the Duke Clinical Research unit; Dr. Toni Cutson for her medical/technical sup-
port during a transitional period; the fellow investigators of the Duke QAIC for
their overall contributions to the research conducted; and the many individuals
who gave so willingly of their time to participate in the research project.

Address correspondence and requests for reprints to Dr. Miriam C. Morey,
GRECC (182), VA Medical Center, 508 Fulton Street, Durham, NC 27705.
E-mail: morey @geri.duke.edu

REFERENCES

1. McGinnis JM. The public health burden of a sedentary lifestyle. Med Sci
Sports Exere, 1992;24:5196-S200.

2. Pate RR, Prait M, Blair SN, et al. Physical activity and public health.
JAMA. 1995;273:402-407. %

3. Stewart AL, Hays RD, Wells KB, Rogers WH, Spritzer KL, Greenfield S.
Long-term functioning and well-being outcomes associated with physical
activity and exercise in patients with chronic conditions in the Medical
Outcomes Study. J Clin Epidemiol. 1994:47:719-730.

4. Young DR, Masaki KH, Curb JD. Associations of physical activity with
performance-based and self-reported physical functioning in older men:
The Honolulu Heart Program. J Am Geriatr Soc. 1995:43:845-854,

5. Ekelund L-G, Haskell WL, Johnson JL, Whaley FS, Criqui MH, Sheps
DS. Physical fitness as a predictor of cardiovascular mortality in asymp-
tomatic North American men. N Engl J Med. 1988;319:1379-1384.

6. Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans
WI. High-intensity strength training in nonagenarians: effects on skeletal
muscle. JAMA. 1990;263:3029-3034.

7. Brown M, Holloszy JO. Effects of a low intensity exercise program on se-
lected physical performance characteristics of 60 to 70 year olds. J Aging
Health. 1991;3:129-139,

8. Brown M, Holloszy JO. Effects of walking, jogging, and cycling on
strength, flexibility, speed and balance in 60- to 72-year olds. Aging Clin
Exp Res. 1993;5:427-434,

9. Harada N, Chiu V, Fowler E, Lee M, Reuben DB. Physical therapy to im-
prove functioning of older people in residential care facilities. Phys Ther.
1995,75:830-838.



M342

Lord SR, Lloyd DG, Nirui M, Raymond J, Williams P, Stewart RA. The
effect of exercise on gait patterns in older women: a randomized con-
trolled trial. J Gerontol Med Sci. 1996;51 A:M64-M70.

. Schenkman M, Shipp KM, Chandler J, Studenski SA, Kuchibhatla M.

Relationships between mobility of axial structures and physical perfor-
mance. Phys Ther. 1996;76:276-285.

Bergstrom G, Anainsson A, Bjelle A, Grimby G, Lundgren-Lindquist B.
Functional consequences of joint impairment. Scand J Rehabil Med.
1985;17:183-190.

. Schenkman M, Hughes MA, Bowden MG, Studenski SA. A clinical tool

for measuring functional axial rotation. Phys Ther. 1995;75:151-156.
Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach: a new
clinical measure of balance. J Gerontol Med Sci. 1990:45:M192-M197,
Purser JL, Duncan PW, Gold DT, et al. Reliability of Physical Perfor-
mance Measures. Gerontologist. 1994;34:208.

Ware JE, Sherbourne CD. The MOS 36-Item Short-Form Health Survey
(SF-36). Med Care. 1992;30:473-483.

McHorney CA, Ware JE, Raczek A. The MOS 36-Item Short-Form Health
Survey (SF36): psychometric and clinical tests of validity in measuring
physical and mental health constructs. Med Care. 1993;31:247-263.

- Duncan PW, Studenski S, Chandler J, Prescott B. Functional reach: pre-

dictive validity in a sample of elderly male veterans. J Gerontol Med Sci.
1992;47:M93-M98.

20.
21

22,

24,

25

MOREY ET AL

. Chandler J, Laub KC, Schenkman M, Keysor J, MacAller H. Axial mobil-

ity exercise program: A home exercise program to improve functional
ability. Durham, NC: Claude D. Pepper Older Americans Independence
Center at Duke University; 1993:40,

SAS Version 6.12. Cary, NC; SAS Institute Inc.; 1990.

Schenkman M, Cutson T, Laub K, Chandler J, Kuchibhatla M. Physical
intervention and Parkinson’s disease. Gerontologist. 1996:36:271.

Green JS, Crouse SF. The effects of endurance training on functional capac-
ity in the elderly: a meta-analysis. Med Sci Sports Exerc. 1995;27:920-926.

. Morey MC, DiPasquale RC, Crowley GM, Kitzman DW, Sullivan RJ,

Studenski S. Does exercise improve postural control in elderly decondi-
tioned men? J Am Geriatr Soc. 1991;39:A54.

King AC, Blair SN, Bild DE, et al. Determinants of physical activity and
interventions in adults. Med Sci Sports Exerc. 1992;24:5221-8236.
Fletcher GF, Froelicher VF, Hartley H, Haskell WL, Pollock ML,
Exercise: a statement for health professionals from the American Heart
Association. Circulation. 1990;81:396-398.

Received March 11, 1998
Accepted August 22, 1998

Geriatric Educational Tools for Primary Care Residency Programs

I geriatric content in primary care residency training programs.
These include:

* Consultation services

* Stand-alone teaching aids

® Geriatric curriculum manuals

* Faculty development programs

* Packaged methods for teaching geriatric skills

These tools are the fruits of a unique collaborative venture among Hortford
Consortium sites including the American Academy of Family Physicians and

nnovative educational resources are available for enhancing the

eight nationally recognized academic institutions: Baylor College of Medicine,
Harvard University, Johns Hopkins University, Stanford University, University

of California-Los Angeles, University of Chicago, University of Connediicut,

and University of Rochester.

New in 1999

Updated version of the (D-ROM by Baylor College of Medicine with 5

new modules, a geriatric consultation service administered by APDIM,

and a direciory of additional resources.

For a free catalog of products, please contact Stanford University Geriairic
Education Resource Center (SUGERC)

Phone 650-723-8559 or visit us at

http:/ /www.stanford.edu/group/SFDP/sugerc/

The John A. Hartford Foundation
Geriatric Consortium for Residency Training

Please mention the Journals of Gerontology when replying to advertisements.




