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Abstract

OBJECTIVES—To determine whether elderly people who meet national guidelines have higher
physical function (PF) scores than those who do not and the effect on functional trajectory when
physical activity (PA) levels change from above to below this threshold, or vice versa.

DESIGN—Pooled data.

SETTING—Two 6-month randomized controlled trials aimed at increasing PA in adults.
PARTICIPANTS—Adults aged 65 to 94 (N 5 357).

INTERVENTION—PA counseling over the telephone and through mailed materials.

MEASUREMENTS—Self-reported PA dichotomized at 150 minutes/week and PF using the
Medical Outcomes Study 36-item Short Form Questionnaire PF subscale.

RESULTS—Atbaseline, individuals reporting 150 minutes or more of moderate PA/week had mean
PF scores that were 20.3 points higher than those who did not (P0<.001). Change in PA minutes from
above threshold to below threshold or from below threshold to above threshold from baseline to 6
months resulted in an average change in PF of 11.18 (P<.001) and +5.10 (P =.05), respectively.

CONCLUSION—These findings suggest that PA is an important predictor of functional status.
Older sedentary adults can improve PF by meeting recommended PA levels. Conversely, dropping
below recommended PA levels has a deleterious effect on PF. Given the importance of PF in
maintenance of independence and quality of life in older adults, adherence to recommended PA
guidelines should be endorsed.
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In 1996, in one of the first government recognitions of the potential health benefit of physical
activity (PA), the Surgeon General (SG) endorsed guidelines for practice.1 The report
represented a consensus statement aimed at facilitating a public health recommendation for
PA that would be acceptable to the majority of Americans in lieu of previous recommendations
that emphasized vigorous exercise. The primary message was simple and directed at all ages
—to accumulate 30 minutes or more of moderate PA on 5 or more days of the week. Although
the SG report was detailed and addressed known PA benefits for different segments of the
population or for specific medical conditions, no distinction was made relative to a
recommendation for older adults. The report indicated that more research was needed to
determine the types of PA necessary to preserve strength and physical function (PF) in this
population.1

The ensuing decade produced a large amount of PA research directed at the older adult.2-8 An
abundance of evidence indicated that PA was consistently associated with better fitness
parameters and related health outcomes,9'10 but few studies have specifically examined the
effect of the PA threshold endorsed by the SG (150 min/week) on PF. The relationship between
the SG-endorsed PA guidelines and PF was examined cross-sectionally in a sample of healthy
older adults and prospectively in a sample of postmenopausal women undergoing a walking
intervention, and a significant association was found between PA and pr.11,12

Leisure time activity counseling to Improve Fitness In Elders (Project LIFE) and Leading the
Way in Exercise and Diet (Project LEAD), two PA intervention trials that targeted older adults
and used self-reported PF as a primary outcome, were recently completed,.13'15 Using data
pooled from these two studies, the following two research questions were examined: Do
individuals who meet the SG guidelines have higher PF scores than those who do not? Does
changing from above to below thresholds, or vice versa, affect functional trajectory?

METHODS

Two clinical trials that tested a PA intervention in older adults were combined for this study.
The respective institutional review boards reviewed and approved each study annually, and
the studies have been described in detail elsewhere, although brief descriptions are provided
below.13-15

Project LIFE was a 6-month feasibility trial designed to determine whether PA health
counselors could interface successfully with primary care providers to enhance delivery of PA
counseling in elderly people with multiple chronic diseases. Patients aged 70 and older who
were being followed in geriatric and primary care clinics were screened and recruited for this
study. Patients were free of terminal diagnoses, unstable angina pectoris or recent myocardial
infarction, stroke with moderate to severe aphasia, or active substance abuse. Patients already
engaged in regular PA also were excluded based on their affirmative response to one question
that asked about moderate physical activity for 30 minutes or more on 5 or more days per week.
Of 1,385 medical record reviewed, 914 patients met initial eligibility criteria. Of these, 639
were contacted over the telephone after receiving a recruitment package, and 276 gave initial
oral consent. From this group, 179 patients reported for an in-person baseline assessment on
the day of a clinical appointment. Written consent was obtained, and patients were randomly
assigned to receive intensive telephone PA counseling (n = 88) twice a week for 3 months and
then monthly for 3 months, health education counseling (n = 43) twice a week for 3 months
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and then monthly for 3 months on general health topics, or usual care (n = 44) with no additional
contact.

Project LEAD was a 6-month intervention development study that promoted a healthy diet
(low in total and saturated fat, low in cholesterol, high in fruit and vegetable consumption, and
rich in calcium and iron) and increased PA in older adults with a recent diagnosis of early-
stage breast or prostate cancer using a home-based approach of mailed materials and telephone
counseling. The primary endpoint was change in self-reported PF. In this study, patients with
breast and prostate cancer aged 65 and older and within 18 months of diagnosis were identified
and recruited from hospital registries within North Carolina. Permission to contact patients
was obtained from oncology-care physicians, and recruitment packages, which included
consent forms and screening surveys, were mailed to potential study participants (n = 2,037).
The survey assessed conditions that would preclude unsupervised exercise such as uncontrolled
heart failure, recent myocardial infarction, pulmonary disease requiring oxygen use, use of a
mobility aid other than a cane, plans to have hip or knee replacement, kidney failure, or chronic
warfarin use. Additional exclusion criteria included progressive malignant disease or additional
primary tumors and inability to participate fully in telephone or mailed material interventions
(i.e., severe hearing or speaking impairments, lack of English competency, or mental
incompetence). For study inclusion, participants had to self-report two or more deficits on the
Medical Outcomes Study 36-item Short-Form Questionnaire (SF-36) PF subscale, 16 less than
90 min/wk of vigorous exercise (~ equivalent to 150 minutes of moderate PA), and poor diet
quality.

Of 688 participants consenting to participate, 182 met full study criteria and were randomly
assigned to an experimental arm (n = 89) consisting of receipt of a specially directed workbook
and twice-monthly telephone counseling on improving diet (first 3 months) and level of PA
(second 3 months) or a health education arm (n = 93) consisting of receipt of a workbook and
twice -monthly telephone counseling for 6 months on general health promotion topics.

Although each study used a single-item question during the screening process to exclude
individuals engaged in regular moderate or vigorous activity at levels consistent with the SG
guidelines, the baseline and 6-month follow-up surveys included a more-thorough assessment
(the Community Health Activities Model Program for Seniors (CHAMPS)), which is well
validated and sensitive to change.17 No exclusions were made at the time of the baseline
interview if participants reported PA over the threshold established for the screening
instrument. Frequency and total time spent per week on a list of activities was assessed. Total
time per week per activity was placed into categories ranging from not at all, less than 1 h/
week and upwards in 1.5-hour increments up to more than 9 h/week. Because the CHAMPS
does not assess minutes as a continuous variable, minutes of activities were estimated by
multiplying the midpoint of each category of hours per week by 60. Items coded as moderate-
or higher-intensity PA were used in this study. Minutes of PA were dichotomized at 150 min/
week.

Self-reported PF was assessed using the SF-36 PF subscale.18 The PF subscale is a self-report
of functional status that has been well validated, has good psychometric properties that are
subscale specific, and is sensitive to change.16 The scale was scored on a range of 0 to 100,
with higher scores indicating better functional status. Comorbidity was assessed from a
checklist of 35 medical conditions adapted from the Older Americans Resources and Services
survey in which the participant is asked “Do you have any of the following illnesses at the
present time?” Positive responses are summed to create a total number of diseases.19 Other
than demographic and descriptive variables, there were no other outcomes in common between
these two studies.
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Statistical Analysis

RESULTS

Association

Data from the two studies were pooled (N = 357 at baseline). Baseline characteristics are
reported as means and standard deviations or percentages. Baseline comparisons of PA and PF
were controlled for baseline age, race, sex, and study. Analyses pertaining to change scores
included only individuals who completed each trial and had data for the outcomes of interest
(n = 326). Analyses evaluating the effects of baseline PA level and change in PA level from
baseline to 6 months were performed separately for each study, controlling for baseline PF,
age, race, sex, and comorbidity. The overall, across-study effect for PA and change in PA were
then obtained using standard meta-analytical techniques by calculating a weighted average of
the individual study effects.20

The characteristics of the study sample (N = 357) are provided in Table 1. Study participants
ranged from age 65 to 94 and were predominantly male (70.6%) because one of the studies
was based at the Department of Veterans Affairs. Participants were largely overweight, with
78.9% in Project LIFE and 70.9% in Project LEAD reporting a body mass index of 25 or
greater. Sixty-eight percent of individuals reported less than 150 min/week of moderate PA.
Although participants reported an average of 162 minutes of moderate- or higher-intensity PA
per week from the CHAMPS assessment at baseling, a large proportion of this PA came from
a small number of individuals who reported high amounts of heavy household activities and
gardening. In both studies, the top two reported physical activities were heavy gardening and
heavy housework. Only 15% performed what would be considered structured exercise
(walking, hiking, jogging, cycling, use of exercise machines, strength training) for more than
150 min/week. The average baseline PF score was 63.2 (scale scores range from 0 to 100 with
higher scores indicating better function), which approximates the 60th percentile of age-based
norms for men and women aged 75 and older.16

Between PA and PF

PF was significantly different in individuals reporting more than or less than 150 min/week of
moderate PA. Individuals reporting 150 min/week or more of PA had a mean PF score of 74.5,
which was approximately 15.9 + 2.6 points higher than those reporting lower amounts of PA
(PF =58.6, P<.001), controlling for age, race, sex, and study.

Effect of Change or No Change in Exercise Minutes Threshold on Functional Trajectory

Table 2 provides the results of the stratified and combined analyses employed in this study and
includes control for baseline PF, age, race, and sex. Baseline PA was not a statistically
significant predictor of PF at 6 months in either of the individual trials, but the combined
weighted effect was significant (P =.02) and indicated an average difference in 6-month score
of 6.08 between each baseline PA stratum (> 150 min/week and <150 min/week). Change in
PA between baseline and 6 months occurred in two directions. For individuals decreasing from
150 min/week or more of PA at baseline to less than 150 min/week of PA at 6 months, the
combined weighted average effect indicated a significant decline in PF of 11.8 points (P<.001).
A decline of this magnitude, given the average raw baseline score of 62.8, has been associated
with greater 4-year mortality risk.

In contrast, for individuals increasing from less than 150 min/week of PA at baseline to 150
min/week or more of PA at 6 months, the combined weighted average effect indicated an
increase in PF of 5.1 points (P =.05). A change of this magnitude, although moderate, given
the average raw baseline score of 58.6, would be comparable with gains observed after
laparoscopic surgery for inguinal hernia or treatment of asthma with flucticasone.22
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To simplify the graphical presentation of these data, the pooled values were used to illustrate
the functional trajectories over time for the entire study sample (Figure 1). Four groups are
depicted using raw mean scores and standard errors: individuals reporting 150 min/week or
more of PA at baseline and 6 months (n = 57), individuals reporting 150 min/week or more of
PA at baseline who dropped below 150 min/week of PA at 6 months (n = 52), individuals
reporting less than 150 min/week of PA at baseline who increased to 150 min/week or more
of PA at 6 months (n = 44), and individuals reporting less than 150 min/week of PA at baseline
and 6 months (n = 173). Although the predictive models fixed “no change in PA status” as the
reference group, the trajectories in Figure 1 indicate that individuals who maintained PA levels
throughout the study period maintained their functional level.

DISCUSSION

The overlap in PA and PF outcomes of these two studies presented a unique opportunity to
examine the effect of the SG-endorsed PA guidelines on PF. The recommended 150 minutes
of moderate PA per week or more is well integrated into clinical practice,23 yet there isa
paucity of data pertaining to the direct functional effect of these guidelines on older adults.
Maintenance of PF is considered a hallmark of successful aging.24 One limitation in assessing
global PF as an outcome relative to PA is that it potentially requires a large sample size.
Estimates of projected sample sizes needed to obtain clinically meaningful changes in a variety
of outcomes following a PA intervention have been previously published.13 Estimates
projected for global PF measures required the largest sample size (N = 261 per group in a two-
armed trial). A sample size of this magnitude is frequently beyond the reach of most PA
interventionists. By pooling two modest-sized intervention trials, which used identical
measures of PA and PF, it was possible to obtain a large enough sample and enhance
generalizability to address the research questions relative to the association between PA and
PF and whether change in PA affects the functional trajectory.

This study confirms that PA is an important contributor to PF, given the strong cross-sectional
and longitudinal association between PA and PF. This study is unique in assessing PA relative
to the specific threshold set by the national recommendations. For the first time, to the authors'
knowledge, clinicians will be better able to characterize functional differences between
individuals meeting or failing to meet PA guidelines. The 16-point difference in PF observed
in this study is substantial. Of subjects exceeding PA guidelines, the baseline PA score of 74
was at approximately the 70th percentile of PF for mean and women aged 75 and older.16 A
reduction of 16 points in PF would be comparable with the combined comorbidity burden of
arthritis and congestive heart failure.22 Therefore, these findings are clinically meaningful.

A cross-sectional view is limited in that one cannot determine whether individuals with low
PF had conditions that inhibited their ability to be physically active. Therefore, the second
research objective, using longitudinal trajectories of PF, allowed the independent effect of the
PA threshold on functional status to be examined. As a group, individuals who changed PA
level also experienced a change in functional status. This is of particular interest to inactive
individuals with poor functional status. Individuals who, independent of functional status, were
able to increase their PA level improved 5.1 points in PF from an average baseline score of
63.4. As was noted earlier, a change in PF of this magnitude is clinically meaningful and would
be comparable with medical interventions such as treatment for asthma with fluticasone versus
placebo and treatment of sleep apnea with continuous positive airway pressure.22 The changes
noted in the current study are comparable, in trajectory but not magnitude, with changes
observed in a study of older patients with severe chronic obstructive pulmonary disease
baseline PF = 30) whose PF score increased 9 points after a pulmonary rehabilitation program.
S The difference in magnitude of change makes sense, given that the interventions were of
home-based PA in contrast to a medically supervised structured exercise program. Two other
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studies have examined PA relative to global PF (physical disability) and found a protective
effect of PA on incident disability, but in these studies, the rates of PA were not specific to the
threshold levels purported by the SG guidelines.zal27 These studies, in addition to the current
one, are highly relevant, because they suggest that exercise initiated in later life is highly
beneficial.

Conversely, a reduction in PA level is associated with a clinically meaningful reduction in PF.
Unfortunately it was not possible to determine the causes of the decreases in PA levels (whether
reductions were due to sudden illness, injury, caregiving needs, or lack of interest).
Nonetheless, a reduction in PA level was associated with a clinically meaningful loss in PF at
a level that is associated with a greater inability to work because of health problems, the onset
of a disease such as congestive heart failure, or the combined functional burden of diabetes
mellitus and hypertension.22

The functional trajectory of individuals who maintained PA, although not surprising, is equally
important in confirming that PF is preserved with maintenance of PA. An earlier study
examined functional trajectories in a group of older women who sustained PA, sustained
inactivity, or were irregularly active over several years and found lower rates of reported
difficulty with activities of daily living in the women who were consistently active.11 Other
studies confirming this finding have used tests of physical performance such as gait speed and
walking ability to determine PF.11.12 This article is a contribution to the field, because the
literature pertaining to PA and global PF is so sparse. A review article of exercise intervention
outcomes found that 97% of outcomes reported were fitness impairment outcomes (e.g.,
improved strength, aerobic capacity, flexibility), and although 87% of studies reported
functional outcomes, most of these were based on physical performance tests such as walking
or stair climbing. A global indicator of health-related PF was rarely assessed.3

Although this pooled analysis offers valuable findings, there are limitations that must be borne
in mind in generalizing these data. One limitation is that the measures, although validated, are
based on self-report. Although self-report of PF is considered to be a reliable indicator of
functional status, self-report of PA is more prone to misclassification. Both studies had a single-
item screening question designed to exclude individuals engaging in regular exercise. The
screening items targeted structured exercise and not general physical activities. In contrast, the
PA outcomes in this study were derived from the moredetailed CHAMPS questionnaire, which
assesses all types of PA. Although 68% of the sample reported less than 150 min/week of PA,
the average number of reported minutes of PA was 162. This suggests that the single-item
screening question was not sensitive enough to capture nonexercise PA that typically count
toward the assessment of total daily PA, especially with regard to gardening and household
activities, or that some individuals may have overreported their PA. Thus these data should be
interpreted conservatively. Also, consideration should be given to potential sex differences in
that this sample consisted predominantly of men and the findings may be less applicable to
women.

In conclusion, this study is an initial step in quantifying the relationship between evidence-
based guidelines for PA and PF in older adults. The guidelines endorsed by the SG were based
upon an exhaustive review of the evidence. The current study confirms the validity of the SG
recommendation and adds insight to the utility of the recommendation for older adults. Newly
released PA recommendations for older adults advocate strength training and flexibility
exercises in addition to the recommendation to perform moderate PA for 30 minutes on 5 or
more days of the week.23 Although adoption of these guidelines will strengthen the association
between PA and PF, prospective trials assessing the effect of these guidelines on functional
status are warranted.
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Physical function over time based on reported physical activity over time. Baseline and 6-
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month data points are the raw means * standard errors of pooled data. The numeric estimates
of change written on the slopes are weighted average estimates from the meta-analysis and
should be interpreted as such. PA 5 physical activity.
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Characteristic Life (N =175) Lead (N =182) Combined (N = 357)
Age, mean £ SD 783+5.2 71.7+5.0 749+6.1
Minority race, % 25.1 17.6 21.3

Male, % 99.4 42.9 70.6
Number of diseases, mean + SD 52+26 36+21 44+25

Body mass index, mean + SD 279+46 276+5.2 277+49
Physical function, mean + SD 58.8 +26.6 68.3+21.0 63.6 +24.4
Physical activity < 150 min/week, % 63.4 72.5 68.1

SD = standard deviation.
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