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Abstract

Background: The benefits of physical activity (PA) for health have primarily been evaluated during midlife. Whether patterns of change in
late-life PA associate with overall and cause-specific mortality remains unclear.

Methods: We examined the association between PA trajectories and subsequent mortality among 3,767 men aged >65 years. Men self-
reported PA using the Physical Activity Scale for the Elderly (PASE) at up to four time points from 2000 through 2009 (Year 7); mortality
was assessed over an average of 7.1 years after the Year 7 contact. Group-based trajectory modeling identified patterns of PA change. Cox
proportional hazards models described associations between patterns of change in PA, Year 7 PA, and subsequent mortality risk.

Results: Three discrete PA patterns were identified, all with declining PA. Compared to low-activity declining men, moderate (hazard ratio
[HR] = 0.78; 95% confidence interval [CI]: 0.70, 0.88) and high-activity (HR = 0.69, 95% CI: 0.57, 0.83) declining groups were associated
with lower risk of all-cause mortality. Among models with a single time point, the last time point (Year 7 PA score) was a strong predictor of
mortality with HR = 0.85 (95% CI: 0.78,0.93) per SD increase in PASE score. PA patterns were not a risk factor for mortality after adjustment
for the Year 7 PA score.

Conclusions: Recent PA levels are a stronger indicator of subsequent mortality risk than PA patterns reported over the prior 7 years or prior
PA level, suggesting that current PA rather than history of PA is the most relevant parameter in clinical settings.
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The benefits of physical activity (PA) for health are well established
(1-5). Previous studies linking higher PA with lower risk of mortality
among older men and women have largely considered PA at a single
point in time (6-10). Some studies have examined the association
between patterns of change in late-life PA and overall and cause-
specific mortality, but with varying methodology. Several of these
studies have approached identification of patterns of change using

a categorical analysis with clinical cut-points distinguishing those
who maintain levels of PA (low or high) from those who change
PA levels (increase or decrease) (11-13), while others have used dif-
ferent approaches to examine patterns of PA change as a predictor
(14,15). Data-driven methods such as latent class analysis or group-
based trajectory models may also be used to identify relevant sub-
groups for a given population (16,17). We have previously identified
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novel patterns of PA change in a longitudinal study of older men
using group-based trajectory models (18); however, these groups
were largely determined by initial PA level and thus are qualitatively
different than previously identified groups. The purpose of the cur-
rent study is to determine the association between patterns of PA
change over time and subsequent mortality among older men, and
whether the association between patterns and mortality is independ-
ent of final level of PA. We hypothesized there would be a strong link
between patterns of PA change over time and subsequent mortality,
but that this association would at least partially depend on the final
level of PA.

Methods
Study Population

We studied participants enrolled in the Osteoporotic Fractures in
Men (MrOS) Study, a prospective cohort study of community-dwell-
ing older men. From 2000-2002, 5,994 community-dwelling men
265 years old were recruited from six geographic areas of the United
States (19,20). Men with bilateral hip replacements and men who
were unable to walk without the assistance of another person were
not eligible for the study.

PA 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 previously vali-
dated with objective measures of PA and has high test—retest reliabil-
ity (21). We used data from following study contacts: Baseline visit
(2000-2002), Year 3.5 visit (sleep sub-study in selected participants,
2003-20035), the Year 5 visit (all participants, 2005-2006), and Year
7 visit (all participants, 2007-2009). Men who returned to the Year
7 visit and completed a PASE questionnaire at least one of the above
study contacts were included in PA trajectory analysis (N = 4,681).

Analysis sample

The analyses included those who had non-missing PASE score and
covariates at the Year 7 visit and had vital status assessment after that
visit (7 = 3,767). Complete study flow diagram is shown in Figure 1.

Mortality

Participants were contacted every 4 months after the Year 7 visit,
and all reported deaths were confirmed with death certificates and
additionally with discharge summaries when available. The average
follow-up time for the 3,767 men in the cohort was 7.1 = 2.5 years.
Underlying cause of mortality was centrally adjudicated and grouped
into three basic categories: cardiovascular disease (CVD), cancer,
and other (non-CVD non-cancer).

Other Covariates
At baseline, participants reported their age, race/ethnicity, education,
marital status, smoking status, alcohol use, self-rated health status,

5994 Men enrolled in MrOS

1043 Died

167 Discontinued study
101 Refused

2 Status unknown

4681 Men with Year 7 clinic visit
(cohort for trajectory building)

67 Missing cause of death
3 Missing baseline PASE
148 Missing Year 7 PASE
697 Missing = 1 covariate

3767 Men in study sample
(included in mortality analysis)

Figure 1. Flow chart describing Osteoporotic Fractures in Men (MrOS) Study
sample subject characteristics using the 4,681 for physical activity (PA)
trajectory building, and the final n = 3,767 for non-missing values of adjusted
covariates used in the final multivariate model for mortality risk.

depression (Geriatric Depression Scale [GDS] score), and cognitive
function (Teng 3MS). Participants were asked to self-report a num-
ber of medical conditions, including cancer, congestive heart failure,
myocardial infarction, chronic obstructive pulmonary disease, dia-
betes, and osteoporosis. Weight was measured on a balance beam or
digital scale, and height by wall-mounted stadiometers. Body mass
index (BMI) was calculated as weight (kg)/height* (m?).

Statistical Methods

Group-based trajectory modeling was applied using PROC TRAJ
in SAS to the repeated PA scores (PASE score). Group-based trajec-
tory modeling assumes that the population contains an unspecified
number of groups, each with a different probability of following a
longitudinal sequence (e.g., trajectory or pattern) for the dependent
variable. Men who returned to the Year 7 visit, and who had com-
pleted at least one PASE questionnaire during the assessment period
(baseline-Year 7 Visit), were included in the trajectory models. We
compared models with different numbers of groups (minimum = 3)
using two times the change in the Bayesian Information Criterion
(2DBIC); values of 10 or greater were considered evidence of better
fit. We also assessed models to ensure adequate sample size in each
subgroup for assessing the risk of subsequent mortality. For general-
izability, we only included specific groups comprised of at least 1%
of the analytic cohort. Thus, the final analytic model included three
PA groups.

Probabilities in each group were calculated. We plotted the mean
estimated PASE score by age along with plots of individual values
against the overall trajectory to visually confirm that trajectory ana-
lysis successfully grouped men with similar longitudinal patterns. We
used Cox proportional hazards models to determine the association
between the patterns of PA change and risk of all-cause and cause-spe-
cific (CVD, cancer, non-CVD non-cancer) mortality. The proportional
hazards assumption was not violated for all mortality outcomes.

Characteristics of the participants were summarized by means
and SD for continuous variables, and counts and percentages for
categorical variables. Covariates at the Year 7 visit were selected
a priori. Multivariate trajectory models were adjusted for base
model, alcoholic use, depression (GDS score), cognitive function
(Teng 3MS), marital status, education, self-rated health, at least one
co-morbidity (yes/no), smoking status, and BMI (Figure 2).

All analysis was performed using SAS 9.4.
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Figure 2. Physical activity (PA) trajectories by age; total N = 4,681 men who
were alive atYear 7 visit and contributed at least one Physical Activity Scale for
the Elderly (PASE) score measure during the PA assessment period (baseline
toYear 7 visit).

Results

Three discrete patterns of PA change, all of declining PA (PASE
score) were identified in this cohort, based primarily on mean PA
levels over time: low-activity declining (7 = 1,399), moderate-activ-
ity declining (7 = 1,938), and high-activity declining (n = 430),
representing 37.1%, 51.4%, and 11.4%, of the total sample,
respectively. There was a decline over time in PA for each of the
three patterns of PA change (Figure 2). Body weight, BMI, depres-
sive symptoms, and prevalence of comorbidities varied by patterns
of PA change (p < .001; Table 1).

Men in the high-activity declining PA trajectory had the lowest
unadjusted mortality rate (45 per 1,000 person year, PY) and those
in the moderate-activity declining trajectory had similar mortality
(48 per 1,000 PY), while those in the low-activity declining trajec-
tory had the highest mortality (64 per 1,000 PY).

Patterns of PA change were associated with mortality in both
the minimally adjusted model (adjusted for age, race, and clinic site)
and fully adjusted model, although there was substantial attenuation
between the base and fully adjusted models (Table 2). Compared
to men in the low activity-declining group, men in the moderate-
activity declining and high-activity declining groups had a lower risk
of all-cause mortality in both the unadjusted and adjusted models.
Similarly, patterns of PA change were also associated with CVD and
non-CVD/non-cancer mortality. Patterns of PA change were associ-
ated with cancer mortality in the base model, but not in the full
multivariate model.

We also considered the association between trajectories and mor-
tality after adjusting for final (Year 7 visit) PASE score. In these mod-
els, higher Year 7 PASE score was associated with lower all-cause
mortality. Furthermore, inclusion of the Year 7 PASE score in the
models resulted in an attenuation between the patterns of PA change
and all mortality so that there was no statistically significant asso-
ciations between patterns of change and all-cause or cause-specific
mortality.

In order to assess time dependence over the period used to define
the trajectories, we also compared models using single time point
assessments of PA at the beginning and end of the trajectories, with-
out including patterns of PA change in the model. The association
between PA at a given time point varied with time-gap between
assessment and outcome, with the weakest (statistically nonsignifi-
cant) association occurring for the initial baseline PASE score and
strongest association occurring for Year 7 PA or the last time point in
the trajectory. In fully adjusted models, the hazard ratio for all-cause
mortality was 1.01 (95% confidence interval [CI]: 0.96, 1.07) per SD
increase in baseline PASE score and 0.83 (95% CI: 0.78, 0.88) per
SD increase in Year 7 PASE score.

Discussion

In this large cohort of older men, patterns of PA change were associ-
ated with subsequent mortality; men in trajectories with higher lev-
els of PA (high-activity and moderate-activity declining) had lower
mortality than the men in the low-activity declining trajectory group.
However, in models including both the patterns of change and the
Year 7 PA measure, it was the Year 7 measure that was a predictor
of subsequent mortality, while the associations between patterns of
PA change and mortality were attenuated and no longer significant.
In particular, we note that current PA level, rather than previous PA
level or patterns of PA change, is the relevant risk factor for assessing
mortality risk in older men. The clinical ramifications of these find-
ings support assessing activity levels to determine health status and
messaging that encourages PA among older men irrespective of prior
levels of activity. Importantly, the practical use of the most recent PA
data provides clinicians and gerontologists the necessary guidance to
initiate late-life prevention strategies that encourage PA for reduced
mortality risk in older, vulnerable populations, notably among those
with history of low-declining PA.

In the present study, three discrete patterns of PA change were
identified in this cohort of older men, PA levels declined across all
three PA trajectories, consistent with national PA trends of older
adults (22). Our findings contrast with previous studies which
have identified subgroups with qualitatively distinct PA trajectories
(increasing, stable, decreasing) (16,17). In this study population,
group-based trajectory analysis did not identify subgroups with
qualitatively different rates of change over time, suggesting that PA
levels among older men are substantially but not completely deter-
mined by their previous level of PA, since the groups selected differed
primarily by overall level of PA rather than change variables. The
methodology used finds dominant patterns of PA over time, but it
does not preclude individual variability in PA patterns and may lead
to over-grouping with significant variation within PA trajectories.

Our findings regarding PA trajectories and mortality cannot not
be directly compared to the previous literature due to the particu-
lar subgroups identified using the group-based trajectory models
and other methodological differences. We note, however, that the
results in this paper are largely consistent with previous studies.
Higher levels of PA are in general associated with lower mortality
after adjustment for confounders (6-10), and this was observed for
the identified trajectories in this study, as well as the single measure
of PA at Year 7. Talbot and coworkers analyzed patterns of leisure
time activity in the Baltimore Longitudinal Study of Aging using
mixed effects models and found that greater longitudinal declines
in total and high intensity activity were predictors of all-cause
mortality (15). Bembom and coworkers analyzed PA in a group
of older men and women from Sonoma county using marginal
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Table 1. Characteristics by Physical Activity Trajectory in 3,767 MrOS Men atYear 7 Visit
Low-Activity Moderate-Activity High-Activity

Cohort (n = 3,767) Declining (7 = 1,854) Declining (1 = 2,335) Declining (7 = 492) p Value?
Age (years) 79.24 £ 5.2 78.8 = 5.1 79.4 +5.12 79.93 £5.72 <.0001
Weight (kg) 81.46 + 13.4 83.62 + 14.74 80.42 + 12.33 79.11 = 12.5 <.0001
Height (cm) 173.17 £ 6.83 173.58 + 7.12 172.99 + 6.69 172.62 + 6.44 .01
Body mass index (kg/m?) 2712 +3.91 27.71 = 4.36 26.83 +3.53 26.51 +3.72 <.0001
Caucasian 3,405 (90.39) 1,247 (89.14) 1,766 (91.12) 392 (91.16) 13
College education 2,125 (56.41) 806 (57.61) 1,082 (55.83) 237 (55.12) .50
Married 3,197 (84.87) 1,156 (82.63) 1,674 (86.38) 367 (85.35) .01
Alcohol (<1 drink/wk) 1,398 (37.11) 562 (40.17) 681 (35.14) 155 (36.05) .06
Alcohol (1=5 drinks/wk) 992 (26.33) 348 (24.87) 526 (27.14) 118 (27.44)
Alcohol (6+ drinks/wk) 1, 377 (36.55) 489 (34.95) 731 (37.72) 157 (36.51)
Current smoking 3 (1.94) 6 (1.86) 2(2.17) 5(1.16) .38
At least one comorbidity 1 524 (40.46) 689 (49.25) 710 (36.64) 125 (29.07) <0001
Self-reported health status 3,214 (85.32) 1,086 (77.63) 1,723 (88.91) 405 (94.19) <.0001
GDS depression (0-15) 1.92 221 2.53 +2.54 1.64 = 1.95 1.2+1.7 <.0001
Teng 3 MMS score 91.94 = 7.18 91.28 = 8.09 92.43 = 6.43 91.93 = 7.11 .001
PASE score 130.53 = 68.72 78.17 = 42.83 146.55 = 50.56 228.68 = 64.67 <.0001
All-cause mortality 1,435 (38.09) 609 (43.53) 681 (35.14) 145 (33.72) <.0001
CVD mortality 484 (12.85) 202 (14.44) 235 (12.13) 7 (10.93) .07
Cancer mortality 343 (9.11) 136 (9.72) 166 (8.57) 1(9.53) 49
Non-CVD/cancer mortality 608 (16.14) 271 (19.37) 280 (14.45) 7 (13.26) .0002

Notes: 3 MMS = Modified Mini-Mental State; CVD = cardiovascular disease; GDS = Geriatric Depression Scale; MrOS = Osteoporotic Fractures in Men Study;

PASE = Physical Activity Scale for the Elderly.
p Values indicate the overall difference among physical activity trajectories, calculated using chi-squared tests for categorical variables and analysis of variance
for continuous variables. "Comorbidities: chronic obstructive pulmonary disease, stroke, myocardial infarction, congestive heart failure, Parkinson’s, and diabetes.

Table 2. The Association Between Physical Activity Trajectories and All-Cause/Cause-Specific Mortality Without/With Adjustment for Final
Physical Activity Measure (n = 3,767)?

Hazard Ratio Multivariate
(95% CI) Predictor Base® Model Multivariate Model Base® Model w/ Final PA Model w/ Final PA
Deaths (all-cause) Low-activity declining Referent Referent Referent Referent

CVD deaths

Cancer deaths

Non-CVD
non-cancer
deaths

Moderate-activity declining
High-activity declining

p trend

Year 7 PASE score
Low-activity declining
Moderate-activity declining
High-activity declining

p trend

Year 7 PASE score
Low-activity declining
Moderate-activity declining
High-activity declining

p trend

Year 7 PASE score
Low-activity declining
Moderate-activity declining
High-activity declining

p trend

Year 7 PASE score

0.66 (0.59,0.74)
0.56 (0.47, 0.68)
<.00001

NA

Referent

0.67 (0.55,0.81)
0.54 (0.39,0.74)
<.00001

NA

Referent

0.76 (0.60, 0.95)
0.77 (0.54, 1.10)
.0349

NA

Referent

0.60 (0.51,0.71)
0.48 (0.36, 0.64)
<.00001

NA

0.78 (0.70, 0.88)
0.69 (0.57, 0.83)
<.00001

NA

Referent

0.81 (0.66, 0.99)
0.68 (0.49, 0.95)
.0002

NA

Referent

0.79 (0.63,1.01)
0.82 (0.55, 1.19)
1161

NA

Referent

0.75 (0.63, 0.89)
0.61 (0.45,0.82)
.0001

NA

0.87 (0.76, 0.99)
1.02 (0.79, 1.32)
.36

0.76 (0.70, 0.83)
Referent

0.86 (0.68,1.09)
0.94 (0.60, 1.48)
4336

0.77 (0.67,0.90)
Referent

0.97 (0.73,1.28)
1.32 (0.79, 2.18)
5540

0.78 (0.66, 0.93)
Referent

0.82 (0.66, 1.01)
0.93 (0.62, 1.39)
2328

0.74 (0.64, 0.84)

0.91 (0.79, 1.04)
0.96 (0.74,1.23)
.38

0.85 (0.78,0.93)
Referent

0.92 (0.72, 1.16)
0.90 (0.58, 1.40)
5201

0.87 (0.76, 1.01)
Referent

0.97 (0.73,1.29)
1.29 (0.78, 2.15)
5661

0.81 (0.68, 0.96)
Referent

0.85 (0.69, 1.05)
0.80 (0.54,1.18)
1504

0.87 (0.76, 0.99)

Notes: Boldface indicates p <.05. CI = confidence interval; CVD = cardiovascular disease; NA = not available; PA = physical activity; PASE = Physical Activity

Scale for the Elderly.

“The final physical activity measure (of the trajectories) was the Year 7 PASE score. "Base trajectory models adjusted for age, race, and clinic site. ‘Multivariate

trajectory models adjusted for base covariates and alcohol use, depression (Geriatric Depression Scale score), cognitive function (Teng 3MS), marital status, edu-
cation, self-rated health, at least one co-morbidity defined categorically (yes/no; chronic obstructive pulmonary disease, stroke, myocardial infarction, congestive
heart failure, Parkinson’s, diabetes), smoking status, and body mass index.

Studies using clinical cut-points to identify subgroups with vary-
ing PA trajectories (stable low, stable high, increasing, decreasing)
have shown that PA levels at earlier times matter less than PA levels

structural models and found that risk of increased risk of mortality
associated with low PA was independent of underlying CVD and
history of activity (14).
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at later time points and in particular that prior high PA level does
not appear to mitigate risk among those who are sedentary (11-13).
Using a longitudinal cohort of older men, Stessman and cowork-
ers reported that continuing activity as well as initiating PA at age
85 years was associated with delayed functional loss and better sur-
vival (11). Another study in older Australian men using a different
and more stringent cutoff for activity found that the health advan-
tages of activity were no longer present for those who changed from
active to inactive (12). Finally a study among older women found
that all-cause mortality and cardiovascular mortality was associ-
ated with the most recent PA levels, but not the initial point (13).
Furthermore, the benefit of increasing PA did not extend beyond
age 75 or among those with poor health status. Notably, the same
paper showed a different pattern for cancer mortality, indicating
that longitudinal trajectories were more important for this outcome,
which contrasts findings from the present study. A positive effect on
survival associated with recent PA levels has similarly been shown
among participants in their early 70s in both the British Heart Study
(23) and the Zutphen Elderly Study (24).

Strengths and Limitations

The strengths of the present study are large sample size and suf-
ficient follow-up to detect group level differences in all-cause and
cause-specific mortality, systematic adjudication of outcomes,
repeated measures of PA using a common instrument, and inclu-
sion of many potential confounders. Study limitations include the
observational design, with potential for selection bias and residual
confounding (e.g., severity of comorbid conditions). In our study,
men in the low-declining PA trajectory weighed significantly more,
had a higher prevalence of one or more comorbid conditions, and
had higher depression scores, and thus would be expected to have
higher mortality. Our models included these variables, but residual
confounding and subclinical declines concurrent with the trajectory
model period could account for some of the observed relationships.
PA and underlying health status have a strong bi-directional rela-
tionship, and thus it is unclear from this study design to what extent
PA or change in PA merely reflects health status and to what extent
PA has a causal impact on health status. Survival cohort bias with
selective mortality of high-risk individuals may have attenuated the
association between baseline PASE score and mortality after the Year
7 visit. Nonetheless, these data are consistent with the hypothesis
that maintaining higher PA levels during aging may attenuate mor-
tality associated with modifiable chronic-diseases. The generalizabil-
ity of the present study is limited since the source cohort is all male,
mostly non-Hispanic white, and community-dwelling.

Conclusion

Recent PA levels are a stronger indicator of subsequent mortality
risk than PA patterns reported over the prior 7 years or prior PA
level, suggesting that current PA rather than history of PA is the most
relevant parameter in clinical settings.
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