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Abstract

Background: Physical activity (PA) is important to maintaining functional independence. It is not clear how patterns of change in late-life PA
are associated with contemporaneous changes in physical performance measures.

Methods: Self-reported PA, gait speed, grip strength, timed chair stand, and leg power were assessed in 3,865 men aged > 65 years at
baseline (2000-2002) and Year 7 (2007-2009). Group-based trajectory modeling, using up to four PA measures over this period, identified PA
trajectories. Multivariate linear regression models (adjusted least square mean [95% confidence interval {CI}]) described associations between-
PA trajectories and concurrent changes in performance.

Results: Three discrete PA patterns were identified, all with declining PA. Linear declines in each performance measure (baseline to Year
7) were observed across all three PA groups, but there was some variability in the rate of decline. Multivariate models assessing the graded
response by PA trajectory showed a trend where the high-activity group had the smallest declines in performance while the low-activity group
had the largest (p-for trend < .03). Changes in the high-activity group were the following: gait speed (-0.10 m/s [-0.12, -0.08]), grip strength
(-3.79 kg [-4.35, -3.23]), and chair stands (-0.38 [-0.50, -0.25]), whereas changes in the low-activity group were the following: gait speed
(=0.16 [-0.17, -0.14]), grip strength (-4.83 kg [-5.10, -4.55]), and chair stands (-0.53 [-0.59, -0.46]). Between-group differences in leg
power trajectories across PA patterns were not significant.

Conclusions: Declines in functional performance were higher among those with lower PA trajectories, providing further evidence for the
interrelationship between changes in PA and performance during old age.
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Maintaining function is central to both quality of life and longevity.
More than half (52%) of the adults aged 65 years and older report
limitations in walking, grasping, carrying, or pushing (1,2). Deficits
in muscle strength, balance, and gait performance are common
underlying traits among each of these limitations. Progression of
such functional limitations is insidious and debilitating, and these
limitations may increase vulnerability to a sedentary lifestyle and
consequently exacerbate risk for future morbidity, dependency, hos-
pitalization, and mortality (3-6).
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Regular physical activity (PA) has been shown in numerous trials
to help maintain physical functioning and slow down the physio-
logical transitions of functional decline to overt disability, hypothet-
ically, by preserving muscle strength, balance, and mobility (5,7,8).
Previous findings indicate that baseline PA levels in older ages are
not associated with greater risk of physical functioning decline later
in life, and rather, cumulative activity versus activity measured at
one time point may be a more important determinant of functioning
over time in late life (9). Yet, there is a paucity of data that has
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prospectively demonstrated the joint association between changes in
PA and changes in clinically measured physical performance meas-
ures (10), particularly among older men.

Using group-based trajectory models, we recently identified three
discrete PA trajectory patterns, and their joint associations with
changes in lean body mass (11) and subsequent mortality risk (12) in
a large cohort of community-dwelling older men in the Osteoporotic
Fracture in Men Study (MrOS). The purpose of the present study is
to further examine the association between-PA trajectories measured
in late life with contemporaneous changes in physical performance
measures (ie, gait speed, grip strength, timed chair stands, leg power)
over an average 7.1-year follow-up. We hypothesize that age-related
losses in physical performance occurs at a slower rate among men
who are engaged in- and maintain higher versus lower levels of PA
over time.

Methods
Study Population

We studied participants enrolled in the Osteoporotic Fractures
in Men (MrOS) Study, a prospective cohort study of community-
dwelling older men. From 2000 to 2002, 5,994 community-dwelling
men > 65 years old were recruited from six geographic areas of the
United States (13-15). Men with bilateral hip replacements and
men who were unable to walk without the assistance of another
person were not eligible for the study. All participants gave written
informed consent, and the study was performed in accordance with
the Declaration of Helsinki.

Physical Activity Measurements

PA was assessed by self-report using the Physical Activity Scale for
the Elderly (PASE) questionnaire, which ascertains the intensity,
frequency, and duration of a variety of activities over a period of
7 days. The PASE questionnaire includes walking; strenuous, mod-
erate and light sports; muscle strength and endurance; occupational
activities, including standing or walking; lawn work and gardening;
caring for another person; home repairs; and heavy and light house-
work. The frequency and duration of each activity was multiplied
by an empirically derived item weight and summed to compute the
total PASE score. PASE scores have no units and provide a relative
rather than absolute measure of PA levels. PASE has been previ-
ously validated with objective measures of PA and has high test—
retest reliability (16). We used data from following study contacts:
Baseline (Year 0) visit (2000-2002), Year 3.5 visit (sleep substudy
in certain MrOS sites, 2003-2005), the Year 5 visit (all participants,
2005-2006), Year 7 visit (all participants, 2007-2009). Men who
had returned to the Year 7 visit and had a PASE score and at least
one clinical performance measures in Year 7, in addition to having
at least one clinical performance measure and a PASE score for at
least one of the prior study contacts were included in PA trajectory
analysis (N = 3,891).

Analysis Sample

Current analyses included men in the trajectory analysis who did
not have any missing covariates reported in the multivariate model
(N = 3,865). Complete study flow diagram is shown in Figure 1.

Physical Performance Measurements
Physical performance was measured at baseline, Year 5, and Year 7
MrOS study visits with four tests: gait speed, grip strength, repeated

chair stands, and leg extension power. Gait speed (meters per second)
was assessed by measuring the time it took in seconds to complete a
6-m walking course performed at usual pace, using ambulatory aids
as needed. The test was repeated, and the faster of the two measured
times was included in the analysis. Grip strength, which measures
voluntary muscle strength, was measured in kilograms (kg) using a
Jamar dynamometer (Sammons Preston Rolyan, Bolingbrook, IL).
Participants completed two trials for each hand, and the maximum
effort across the trials was used for analyses. Chair stands were con-
ducted to evaluate whether the participant was able to stand at least
once, without using hands or arms, from a standard chair. Men who
were able to stand once were asked to repeat the task five times,
and the time to complete five stands was recorded to assess lower-
extremity muscle strength and endurance and balance. Chair stand
speed was calculated and used to create a variable equal to estimated
number of chair stands per 10 seconds, with those who were un-
able to complete the test coded as zero. Leg extension power, which
is highly correlated to other functional measures in older subjects
(eg, chair-rising speed, stair-climbing speed and power, and walking
speed) (17), was measured with the Nottingham power rig with nine
trials for each leg as previously described (18). The maximum value
(watts) from either leg was analyzed.

Other Covariates

At baseline, participants reported their age, race/ethnicity, education,
marital status, smoking status, alcohol use, and self-rated health
status. The SF-12 questionnaire was administered to assess self-rated
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Figure 1. Flow chart describing MrOS sample subject characteristics using
the 3,891 for physical activity trajectory building, and the final N = 3,865 for
nonmissing values of adjusted covariates and Year 7 values of PASE score
and at least one performance measure used in the final multivariate model
for predicted change in performance. SAQ = short answer questionnaire.
*Covariates included in multivariate model: age, race, clinic site, education,
marital status, smoking, drinking, body mass index, self-rated health, Falls
reported in the last year, SF12 mental health index, and comorbidity defined
categorically (yes/no; hypertension, CVD, CHF, arthritis, diabetes).
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mental and physical health status, with scores ranging from 0 to
100 points, with higher scores indicating better health status (19).
Participants were asked to self-report a number of medical condi-
tions, including hypertension, congestive heart failure, cardiovascular
disease, diabetes, and arthritis and history of falls in the 12 months
prior to the baseline visit. Weight was measured on a balance beam
or digital scale, and height by wall-mounted stadiometers. Body
mass index was calculated as weight (kg)/height?* (m?).

Statistical Methods

Group-based trajectory modeling was applied using PROC TRAJ in
SAS to the repeated physical activity scores (PASE score) as previ-
ously described (11). Briefly, men who returned to the Year 7 visit,
and who had completed at least one PASE questionnaire during the
assessment period (baseline to Year 7 Visit) were included in the tra-
jectory models, with age as the time scale. The maximum number
of groups (trajectories) for each phenotype was decided a priori.
A quadratic shape of the pattern of change per trajectory was spe-
cified for all models, as recommended by Jones et al. (2001) (20).
Models with a different number of groups (minimum = 3) were
compared using two times the change in the Bayesian Information
Criterion (2DBIC). Models were assessed to ensure adequate sample
size in each subgroup for assessing the risk of declining physical per-
formance for each performance outcome. The final analytic model
included three PA groups (Supplementary Table 1).

Distributions of posterior probabilities were evaluated to deter-
mine the internal reliability of trajectory groups. Plots of the mean
estimated PA scores by age were used to visually confirm that tra-
jectory analysis successfully grouped men with similar longitudinal
patterns and that each PA patterns described in the trajectory classes
were distinct from one another.

The simple linear change (from Baseline to Year 7) in gait speed
(m/s) grip strength (kg), chair stands (7), and leg power were cal-
culated. Least square means from multivariable linear regression
models were calculated to demonstrate the association of PA tra-
jectories with change in each performance measure and p values for
the linear trend were reported. Characteristics of the participants
were summarized by means and standard deviations (SD) for con-
tinuous variables and counts and percentages for categorical vari-
ables. Potential confounders at the baseline visit were selected a
priori. Adjustment for covariates was considered for any measures
or characteristics, or reported clinical or medical factor present at
baseline that may potentially confound the relationship between PA
and clinical performance, based on the previous literature (21,22).
As such, all trajectory models were first minimally adjusted for base-
line demographics (base model) including age, race, clinic site, and
education. Multivariate models were adjusted for baseline demo-
graphics and smoking status, alcohol use, marital status, self-rated
health, body mass index, presence of at least one comorbidity (yes/
no), SF-12 mental health scores, and falls reported in the 12 months
prior to visit 1. All p-values are two-tailed (o = 0.05). All analysis
was performed using SAS 9.4.

Results

Three distinct patterns of PA change modeled over age were iden-
tified in this cohort, all characterized by declining activity, but dis-
tinguished by overall mean PA levels: “low-activity,” (N = 1,519),
“moderate-activity,” (N = 2,001), and “high-activity,” (N = 371),
representing 40%, 51%, and 10%, of the total sample, respectively.

There was a decline over time in PA for each of the three patterns of
PA change (1 s.ccnce berween stopes = <0035 Figure 2).

Among men who were included in the analysis, those in the mod-
erate and high-activity groups were shorter, weighed less, and were
less likely to be current smokers; they reported having better phys-
ical, mental, and general health status and a lower prevalence of
multiple comorbidity, compared to the low-activity group at baseline
(Table 1; p < .01). Moreover, the men in high-activity PA trajectory
group experienced smaller declines in grip strength (8.6 %) and chair
stands (10.0%) compared to those in the moderate-activity PA tra-
jectory group (9.4% and 13.0%, respectively), whereas men in the
lower-activity group experienced the greatest declines in grip strength
(11.5%) and chair stand performance (20.0%). Similarly, linear de-
clines in leg power were found across all three PA trajectories, with
smaller declines reported among men in the high (15.0%) versus low
(19.1%) PA trajectory.

Of note, PA levels, gait speed, grip strength, chair stand perform-
ance, and leg power were significantly higher at baseline for men
included in the study compared to those who were not included (all
p < .0001; data not shown).

At baseline, men in the high-activity PA trajectory group had
higher PA levels and greater gait speed and grip strength, better chair
stand performance (ie, ability to perform and faster time among
those who were able to do the test), and leg power, while those in the
low-activity trajectory group had lower levels of PA and lower scores
in each performance measure (Supplementary Table 2). PA and each
physical performance outcome declined over time across each of the
three patterns of PA change. Overall, gait speed performance de-
clined by 0.13 m/s (absolute percent change, 10.5%) over 7 years,
but the decline was attenuated among those with higher versus lower
PA trajectory, varying from 0.11 m/s (8.5%) in the high PA group to
0.15 m/s (12.3%) in the low PA group.

300
—— Low:1519(40%)

— —-——- Moderate:2001(51%)
250 - T~ —— High:371(10%)

200
150

100

Mean PASE Score

50

0- T T T T T T T
65 70 75 80 85 90 95 100

Age (years)

Figure 2. Physical Activity Trajectories by Age; Total N = 3,891 men who
returned to the Year 7 visit and had a PASE score and at least one clinical
performance measures in Year 7, in addition to contributing at least one
clinical performance measure and a PASE score during the physical activity
assessment period (Baseline to Year 7 visit). Difference between slopes;
p=.003.
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Table 1. Characteristics by Physical Activity Trajectory Over 7 Years in 3,865 MrOS Men at Baseline

Low Activity Moderate Activity

Cohort (N = 3,865) (N =1,509) (N = 1,986) High activity (N = 370) p-Value*
Age (years) 72.44 =+ 5.19 72.19 = 5.20 72.53 +5.10 72.97 = 5.6 .02
Weight (kg) 83.59 = 12.87 85.43 £13.66 82.69 = 12.18 80.92 = 12.17 <.0001
Height (cm) 174.62 = 6.75 175.10 = 6.93 174.41 = 6.66 173.82 + 6.31 .0006
Body Mass Index (kg/m?) 27.38 = 3.69 27.83 £3.95 27.15 = 3.47 26.75 = 3.56 <.0001
Caucasian 3,489 (90.27) 1,347 (89.26) 1,808 (91.04) 334 (90.27) 22
College Education 2,192 (56.71) 888 (58.85) 1,099 (55.34) 205 (55.41) 101
Married 3,272 (84.66) 1,246 (82.57) 1,709 (86.05) 317 (85.68) .016
Alcohol (none) 1,235 (31.95) 502 (33.27) 607 (30.56) 126 (34.05) 22
Alcohol (<7 drinks/wk) 1,595 (41.27) 620 (41.09) 820 (41.29) 155 (41.89)
Alcohol (7+ drinks/wk) 1,035 (26.78) 387 (25.65) 559 (28.19) 9 (24.05)
Current Smoking 119 (3.08) 59 (3.91) 57 (2.87) 3 (0.81) .006
SF-12 score 55.99 =+ 6.36 554 +6.82 56.44 = 5.99 55.98 +6.17 <.0001
At least one comorbidity® 2,738 (70.84) 1,140 (75.595) 1,374 (69.18) 224 (60.54) <.0001
Self-reported health status 3,449 (89.24) 1,265 (83.83) 1,828 (92.04) 356 (96.22) <.0001
(excellent/good vs fair/poor)
History of fall 12 mo prior 742 (19.2) 302 (20.01) 354 (17.82) 86 (23.24) .031
to baseline
PASE score—baseline 153.64 +67.12 105.33 +47.55 172.81 = 50.05 247.76 = 63.68 <.0001
PASE score—Year 7 130.14 + 68.92 78.80 = 43.78 149.56 = 50.39 235.33 £ 65.99 <.0001
PASE score—change -23.5 £69.19 -26.53 = 62.85 -23.25 £70.35 -12.46 = 84.88 .0005

Note: LEP = leg extension power; PASE = Physical Activity Scale for the Elderly (PASE).

*Comorbidities: Hypertension, CVD, Congestive Heart Failure, arthritis, diabetes.

*p-values indicate the overall difference among PA trajectories, calculated using chi-squared tests for categorical variables and ANOVA for continuous variables.

Significant at p < .05.

Patterns of PA change were generally associated with change in
performance in unadjusted models with minimal attenuation seen
between the base model (adjusted for age, race, and clinic site) and
the multivariate models, and a linear reduction in risk by PA tra-
jectory within unadjusted, base, and multivariate models (Table 2).
Compared to men in the low-activity group, men in the moderate-
activity and high-activity groups had a lower risk of declining in
gait speed, and grip strength, in both base and multivariate models.
Similarly, patterns of PA change were also associated with poor
chair stand performance, with men in the high-activity trajectory
group predicted to have better chair stands performance, despite a
nominal increase in risk association after adjustment for covariates,
while men in the low-activity group demonstrated worse perform-
ance. Furthermore, men in the moderate- and high-activity groups
had a lower risk of declining leg power than those in the low-activity
group; however, risk associations were attenuated and between-PA
group differences in risk were not significant after multivariate
adjustment.

Discussion

Among this large cohort of older men, patterns of PA change, based
primarily on baseline self-reported PA, were associated with con-
current declines in performance, including gait speed, grip strength,
chair stands, and leg power over an average 7 years of follow-up.
Declines in performance outcomes were consistent with the changes
in PA across each PA trajectory group. Men in trajectory groups with
higher levels of PA (high activity and moderate activity) had higher
performance outcomes at Year 0 and Year 7, and experienced smaller
declines in PA in nearly each performance outcome over the 7 year
follow-up compared to men in the low-activity trajectory group.
Importantly, the associations of higher PA maintained through older
adulthood and performance decline were robust to adjustment for

mental and physical health status and multiple morbidities that may
contribute to declining physical functioning during old age.

Prior research on trajectories has assessed the impact of certain
patterns of self-reported physical function over time as predictors
of activity change in certain populations. Longitudinal models re-
ported by Brach et al. who showed that women who were report-
edly “always active” over the 14-year study period, had the highest
functional status at the 14-year follow-up visit, compared to “never
active” or “inconsistently active” women, and consistency of PA
was a significant predictor of gait speed (23). In the present study,
we identified three discrete PA trajectories in this cohort of older
men that demonstrated roughly parallel, declining patterns over
time, which were largely determined by the baseline level of PA
levels (11). Moreover, we confirm and expand upon observations
by Brach et al. (23) and other investigators (10,23-26) by showing
that longitudinally, there were clear differences in performance de-
cline observed across the three declining PA trajectories: Men who
maintained higher levels of PA over time demonstrated higher initial
performance and experienced smaller declines, whereas men with
consistently low activity had lower baseline performance levels and
experienced greater declines over the 7-year follow-up.

Gait speed has been considered to be a functional vital sign of
overall health, prognosis and survival (27). In this cohort, men in
each PA trajectory experienced clinically meaningful declines in 6-m
gait speed (defined as >0.1 m/s) (28,29), with nominal, yet signifi-
cant differences (0.02-0.05 m/s) observed among the PA groups over
the 7-year follow-up. Furthermore, low-activity men on average pre-
sented with a mean gait speed of 1.06 m/s, and this group had a high
proportion of men (26.47%) with gait speed below clinical thresh-
olds (defined as <0.8 m/s (30,31) or <1.0 m/s (28,30) at the final
follow-up year) compared to moderate-activity (16.3%) and high-
activity men (11.8%). When the impact of PA declining patterns on
gait speed were evaluated, a linear improvement (lower decline) was
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Table 2. The Association Between Physical Activity Trajectories and Change in Physical Performance Measures from Baseline to Year 7

Presented as Least Squares Mean

Least Squares Mean
Estimate (95% CI)

PA Trajectory
Group

Unadjusted Model

Multivariate® Model

Gait speed (m/s)

Grip strength (kg)

Chair stands (1)

Low activity
Moderate activity
High activity
p-trend

Low activity
Moderate activity
High activity
p-trend

Low activity
Moderate activity
High activity

~0.15 (=0.17, -0.14)
~0.12 (013, -0.11)
-0.10 (-0.13, -0.08)
<0001

~4.85 (-5.14,-4.57)
~4.09 (~4.34, -3.84)
-3.81 (-4.39, -3.23)
<.0001

~1.02 (~1.10, -0.94)
-0.65 (0.72, -0.59)
20.5 (=0.65,-0.34)

Base Model*

-0.16 (-0.17,-0.15)
~0.12 (=0.13, -0.11)
-0.10 (-0.12, -0.08)
<.0001

~4.89 (-5.17, -4.62)
-4.08 (-4.32, -3.84)
-3.68 (-4.24, -3.13)
<.0001

-0.99 (~1.07, -0.91)
-0.67 (~0.74, -0.60)
~0.53 (~0.69, -0.37)

~0.16 (=0.17, -0.14)
~0.12 (~0.13,-0.11)
-0.10 (~0.12, -0.08)
<.0001

~4.83 (~5.10, -4.55)
~4.11 (-4.36,-3.87)
-3.79 (-4.35,-3.23)
<0001

-0.99 (~1.07, -0.91)
-0.67 (=0.74 to -0.6)
~0.53 (~0.69, -0.37)

p-trend <.0001
LEP (watts) Low activity
Moderate activity
High activity
p-trend .01

-41.02 (-43.77, 38.26)
-37.09 (-39.39, -34.78)
-34.55 (-39.78,-29.33)

<.0001 <.0001

-40.76 (-43.47, -38.06) -40.09 (-42.79, -37.38)

-36.98 (-39.24, -34.73) ~37.34 (-39.58, -35.09)

-36.01 (-41.14, -30.88) -36.61 (-41.73,-31.49)
03 12

Note: CI = confidence interval; LEP = leg extension power; PA = physical activity.

n missing: grip strength, 7 = 155; Gait speed, 7 = 42; Chair stands, # = 41; Leg power, 7 = 991.

“Base model adjusted for age, race, clinic site, education. "Multivariate model adjusted for age, race, clinic site, education, marital status, smoking, drinking,
BMLI, Self-rated health, Falls reported in the last year, SF12 mental health index, and comorbidity defined categorically (yes/no; hypertension, CVD, CHF, arthritis,

diabetes).

*p for trend is the linear change from low-activity to moderate-activity to high-activity trajectory groups.

observed in higher versus lower trajectory groups, and there was
minimal attenuation of risk after covariate adjustment. Men in the
high-activity PA group experienced moderate declines in gait speed
of 0.10 m/s, whereas more substantial declines (-0.12 to -0.16) in
gait speed attributed to changes in PA patterns were found among
men in the moderate—and low-activity groups (28,32).
Comparatively, on average, men in this cohort did not exhibit
signs of clinical weakness based on established clinical cut points of
grip strength (31), whereas cut points for 10-second chair stand per-
formance have not been similarly validated. However, consistent with
the hallmarks of aging, declines in grip strength, chair performance,
and leg power over the 7-year follow-up were evident across all PA
trajectory groups, suggesting that all men were becoming weaker as
PA levels declined over time, while loss of strength (and hence weak-
ness) may be attenuated among men who had higher initial PA levels
and are able to maintain higher PA during old age. Accordingly, de-
clines in chair stand performance attributed to decreasing PA pat-
terns remained robust after covariate adjustment, suggesting that
declining PA patterns may have a concomitant negative influence on
overall lower-extremity strength as well as balance. In this context,
these results may provide additional insights to understanding the
increased vulnerability to adverse events such as falls, fracture, and
disability that have shown to occur across the spectrum of activity
and physical performance levels (33,34). Interestingly, leg power de-
clined appreciably (15%-19%) over the 7-year follow-up, but the
risk of decline attributed to declining PA become nominally attenu-
ated after covariate adjustment, and differences in leg power decline
among PA trajectories were statistically not significant. Given these
findings and the fact that aging adults typically experience leg power
declines earlier than declines in strength, suggesting that changes in
leg power may be impacted by other factors such as self-rated health
or the presence of comorbidities, which share common pathways
with reduced working capacity and neuromuscular function (35),
than by changing PA patterns per se. Other possible explanations

for this finding include lower sample size and possible selection bias.
Further, impairments in leg power are theorized to have a greater in-
fluence on muscle function than strength, with supporting evidence
demonstrating its ability to predict gait speed, chair stand perform-
ance, and strength in older adults (6,17,36). Thus, the compounded
effect of decreasing leg power may explain the significant and mean-
ingful decrements in each performance measure seen across all PA
trajectory groups, particularly among low-activity declining men.
Indeed, it is plausible that the declining physical performance over
time precludes the ability to initiate or maintain PA during aging,
which is consistent with the concomitant declines in PA observed in
our study, and corroborates findings from a prior tracking study (26).

Of course, low PA levels may be due to a greater preponderance
of physical limitations and/or health problems that may hinder the
ability to be physically active, triggering a vicious cycle that leads to
increased sedentary behavior, reduced physical and functional cap-
acity, exacerbated health (disease severity), and a greater perform-
ance decline over time. Some support comes from a cross-sectional
analysis in 60—-64-year olds showing that lower chair rise perform-
ance or lower grip strength was significantly associated with several
chronic diseases (37). A recent study involving 17 countries showed
that 1 SD decrease in grip strength was a significant prognostic indi-
cator of cardiovascular mortality, even stronger than systolic blood
pressure, in older adults over a 4-year follow-up (38). Health out-
comes of this type may be related to greater performance declines
like those observed among men who maintained lower versus higher
PA levels over time. Men in the low-declining PA group reported
having lower mental and physical health status (via SF-12), and
had a higher prevalence of at least one comorbidity (ie, hyperten-
sion, CVD, CHE, arthritis, diabetes) at baseline compared to mod-
erate- and high-activity declining PA groups, suggesting that residual
confounding is at least moderately likely to explain our findings.
Nonetheless, these findings support the need for evaluation of the
effectiveness of targeted rehabilitation strategies that are designed
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to address management of health-related factors that may otherwise
challenge PA engagement in populations at high risk for functional
decline.

Strengths and Limitations

Noteworthy strengths include the large sample size and sufficient
follow-up to detect group level differences in four clinically measured
performance measures, repeated measures of PA using a common
instrument over 7 years of follow-up, and inclusion of many po-
tential confounders that may influence the relationship between PA
and clinical performance (21,22). Study limitations include the ob-
servational design with potential residual confounding (eg, severity
of comorbid conditions, clinic center), and reverse causality. It there-
fore remains unclear whether (and to what extent) PA has a causal
impact on performance and overall health status versus merely re-
flecting underlying change in health status. Accordingly, analyses in-
cluded healthier men who attended the Year 7 clinic visit, whereas
selective drop-out or refusal of those who comparatively had lower
performance outcomes and poor health status (data not shown) may
have strengthened the association between baseline PASE score and
changes in performance observed over the 7-year follow-up period.
As such, the requirement to have repeat measures may have intro-
duced selection bias for the study cohort. PA was measured using
self-report and thus detailed measures such as intensity, frequency,
duration of PA were not available. Thus, we are unsure whether
smaller declines in physical performance among men represented in
higher-PA declining groups were due to both the amount and inten-
sity of PA, as demonstrated in prior studies (8,25). Last, the general-
izability of the present study is limited since the source cohort is all
male, mostly non-Hispanic white, and community-dwelling.

Conclusion

PA trajectories with decreasing PA were strong predictors of concur-
rent decreases in clinical performance measures of gait speed, grip
strength, and chair stands. Those in the low-activity declining group
had lower baseline performance measures and greater declines in
performance compared with other groups.
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Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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