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Abstract

Background: Lower physical activity (PA) is associated with greater perceived fatigability, a person-centered outcome. The association between
change in PA and fatigability with advanced age has yet to be established.

Methods: Community-dwelling older men (N = 1 113, age = 84.1 = 3.9 years at Year 14) had free-living PA assessed using SenseWear
Armband prospectively at Year 7 (2007-2009) and Year 14 (2014-2016) of Osteoporotic Fractures in Men Study, a longitudinal cohort
established in 2000 (baseline). We categorized percent changes in PA into groups (large decline — large increase) for 4 metrics: step count, light
intensity PA (LIPA, metabolic equivalents [METs] >1.5 to <3.0), moderate-to-vigorous PA (MVPA, METs > 3.0), and sedentary behavior (SB,
METs < 1.5, excluding sleep). Perceived physical and mental fatigability were measured (Year 14) with the Pittsburgh Fatigability Scale (PFS,
higher score = greater fatigability; range = 0-50). Associations between each metric of percent changes in PA and fatigability were examined
using linear regression, adjusted for demographics, change in health conditions, and Year 7 step count or total PA (METs > 1.5).

Results: Men declined 2 336 = 2 546 (34%) steps/d, 24 = 31 (25%) LIPA min/d, 33 = 58 (19%) MVPA min/d, and increased 40 = 107 (6%)
SB min/d over 7.2 = 0.7 years. Compared to large decline (% change less than -50%), those that maintained or increased step count had 3-8
points lower PFS Physical scores; those who maintained or increased LIPA and MVPA had 2-3 and 24 points lower PFS Physical scores,
respectively (all p <.01). Associations were similar, but smaller, for PFS Mental scores.

Conclusion: Older men who maintained or increased PA had lower fatigability, independent of initial PA. Our findings inform the types and
doses of PA that should be targeted to reduce fatigability in older adults.

Keywords: Disablement process, Epidemiology, Exercise, Fatigue

Greater perceived fatigability is common in older adults (1,2), with
higher rates in the oldest old as well as those with lower levels of
physical activity (PA) (3-6). As a whole-body measure that anchors
fatigue to activities of a specific intensity and duration, greater
perceived fatigability has been associated with many health con-
ditions, including higher chronic inflammation (7,8), larger car-
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diovascular burden (9), lower brain volumes (10,11), functional
limitations and mobility decline (12-14), frailty (15), and mortality
(16). To this end, perceived fatigability has been identified as an
early prognostic indicator of phenotypic aging, which may capture
impending declines in physical and mental functioning with greater
sensitivity (2).
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Several studies have found cross-sectional associations between
lower levels of objective PA and greater fatigability. Specifically,
older adults with lower levels of overall PA (eg, average daily meta-
bolic equivalents [METs], average daily time spent in different PA
intensity levels (17,18), or more fragmented PA patterns) tend to
have greater perceived fatigability (19,20). However, no studies have
examined the associations of longitudinal changes of objective PA
and perceived fatigability. Our recent cross-sectional analysis sug-
gested that perceived fatigability is a potential mediator between PA
and physical function among older adults with a mean age of about
70 years (21), implying that PA may potentially predict subsequent
perceived fatigability but bidirectionality between PA and perceived
fatigability exists. Additionally, we showed that perceived fatig-
ability can be improved after an exercise intervention among a small
sample of breast cancer survivors (22). Previous studies have also
established that greater energy reserve beyond daily physical/cogni-
tive activities was associated with lower fatigability experienced in
everyday living (23,24). Therefore, an exploration of changes in PA
and perceived fatigability may improve our understanding of inten-
sity and/or amount of activity that is related to lower fatigability in
a general population of older men. Ultimately, our current work will
inform design of future PA interventions aimed at reducing fatig-
ability in older adults.

Furthermore, PA could influence fatigability physical and mental
subdomains differently. The prevalence of perceived physical fatig-
ability has been shown to be of a greater magnitude than the preva-
lence of perceived mental fatigability in older adults (3,4,6). Most
studies have focused on PA and physical fatigability (25), perhaps
because PA is more aligned with the central response to fatigue iden-
tified as muscle fatigue and slowing down in physical performance.
However, recent studies have revealed that perceived mental fatig-
ability is also related to PA and physical function (4), yet it is only
moderately correlated with physical fatigability (4,26). Studies have
revealed that PA benefits cognition and executive functioning in
older adults (27,28), which may potentially further influence mental
fatigability via these unique mechanistic pathways (4,29). Thus,
it is essential to study both subdomains to explore the underlying
similarity and differences between perceived physical and mental
fatigability.

In this article, we examined the associations between objectively
measured longitudinal changes in PA over an average of 7-years
follow-up with perceived physical and mental fatigability in ambula-
tory community-dwelling older men. We first described the changes
in PA overall and by fatigability severity strata. Then, we evalu-
ated the associations between changes in PA and perceived phys-
ical and mental fatigability separately. We focused on 4 metrics of
PA: step count, total time spent in light intensity PA (LIPA, >1.5 to
<3.0 METs), time spent in moderate-to-vigorous PA (MVPA, >3.0
METs), and time spent in sedentary behavior (<1.5 METs, excluding
sleep). We hypothesized that maintaining or increasing step count
and time spent in LIPA and MVPA, or decreasing time spent in sed-
entary behavior would be associated with lower perceived physical
and mental fatigability at follow-up, but the strength of associations
would likely be stronger for physical than mental fatigability.

Method

Study Population

The Osteoporotic Fractures in Men Study (MrOS) is a prospective
longitudinal cohort study of ambulatory community-dwelling
men aged 65 and older at enrollment (30,31). Briefly, at baseline

(2000-2002), 5 994 men without a history of bilateral hip replace-
ment and able to walk without the assistance of another person were
recruited from population-based listings across 6 study sites in the
United States: Birmingham, AL; Minneapolis, MN; Palo Alto, CA;
Pittsburgh, PA; Portland, OR; and San Diego, CA.

The current study used data from Year 7 (Visit 3, March 2007
through March 2009) and Year 14 (Visit 4, May 2014 through May
2016) of MrOS. There were 4 681 men who completed Year 7, of
which 3 071 men had valid activity monitor data (90% of activity
monitor wear time with <5 days) (32). Among the 3 071 men, 1 860
men completed Year 14, of which 1 150 men had valid activity
monitor data for Year 14 (the same definition for valid data as used
in Year 7). Of these, 1 113 completed the questionnaires about per-
ceived fatigability and other covariates, ending in the final analyt-
ical sample (Figure 1). The average follow-up was 7.2 = 0.6 years.
Overall, those who had valid activity monitor data at Year 7, but
were not included in the analytical sample, were older, less educated,
and had similar body mass index (BMI) but more multimorbidities,
less time spent in LIPA and MVPA, but longer time spent in seden-
tary behavior at Year 7 and greater perceived fatigability at Year 14
(data not shown).

Objectively Measured PA

At Year 7 and Year 14, participants were instructed to wear the
activity monitor (SenseWear Pro3 Armband; BodyMedia, Inc.,
Pittsburgh, PA) for 24 hours a day, including while sleeping, over

4,681 returned for Year 7 (Visit 3)

o 771 completed only questionnaires
o 500 did not received a monitor*
o 56 had insufficient data

3,354 have available activity
monitor data at Year 7

!

3,071 have valid activity monitor data at Year 7
(=5 days of 24-hour data & >90% of total wear
time during the study period)

o 924 deceased before Year 14
o 94 terminated before Year 14°
o 193 refused to participant at Year 14°

1,860 returned for Year 14 (Visit 4) ‘

l_

1,291 have available activity
monitor data at Year 14

nd

1,150 have valid activity monitor data at Year 14
(= 5 days of 24-hour data & >90% of total wear time

o 305 completed only questionnaires
o 264 did not receive a monitor*

during the study period)
o 9withi plete fatigability
o 27 with missing BMI
o 1 with missing depression measure

1,113 in the analytical sample

Figure 1. Participants flow chart for inclusion in the current analyses of changes
in physical activity and perceived fatigability in the Osteoporotic Fractures in
Men Study. BMI = body mass index. 2Reasons included cognitive impairment,
physical/medical problem, oxygen use, right arm disability/amputation, no
device available/schedule problem, or others. "Reasons for termination included:
participant requested change, participant unable to participate, unable to locate
participant, participant refuses to complete, participant withdrew consent, or
others. °Reasons for refusal included: not interested/too busy, health problems,
out of area, caregiver responsibilities, postcard only status, or others.
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the right triceps for a 7-day period and to remove it only for
brief periods of bathing and water activities. Valid data were de-
fined as 90% of activity monitor wear time with <5 days (32). The
SenseWear Pro3 Armband (SWA) incorporates a variety of measured
parameters (accelerometry, head flux, galvanic skin response, skin
temperature, and near-body temperature) and demographic charac-
teristics (age, height, weight, handedness, and smoking status) into
proprietary algorithms to estimate energy expenditure (33,34). The
SWA has been validated against doubly labeled water in older adults,
which showed excellent levels of agreement for energy expenditure
(35). METs were calculated as energy expenditure divided by the
constant value of 1 kcal/kg per hour (36,37). Four metrics of PA
were calculated for each participant: (a) daily step count; (b) average
total time spent in LIPA (METs >1.5 to <3.0); (c) average total time
spent in MVPA (METs > 3.0); and (d) average total time spent in
sedentary behavior (excluding sleep; METs < 1.5) (38). Additionally,
total time spent in all PA at Year 7 (METs > 1.5) was also derived for
each participant as a covariate in the models for the LIPA, MVPA,
and sedentary behavior models.

Percent changes in PA were calculated as the differences between
PA at Year 14 and PA at Year 7 divided by PA at Year 7. To ob-
tain meaningful comparisons, men were categorized into 5 groups
(selected based on distribution of percent changes in PA) for each
of the PA metrics separately: large decline (% change < -50%),
moderate decline (% change > -50% and < -10%), maintained
(% change > -10% and < +10%), moderate increase (% change
> +10% and < +30%), and large increase (% change > +30%).
Since the distribution of change in sedentary behavior had a nar-
rower range, we categorized men into 4 groups: declined (% change
< -10%), maintained (% change > -10% and < +10%), mod-
erate increase (% change > +10% and < +30%), and large increase
(% change > +30%).

Perceived Fatigability

Perceived physical and mental fatigability were measured using the
Pittsburgh Fatigability Scale (PFS)—a validated, self-administered
10-item scale for older adults (5). The PFS was collected for the first
time in MrOS at Year 14. Participants rated on a scale (0 “no fa-
tigue”-5 “extreme fatigue”) how much fatigue “they expected or
imagined to feel immediately after completing each task/activity”
on 2 subscales—physical and mental. Scores of all responses were
added to generate physical and mental fatigability subscale scores,
with higher PFS score indicating greater perceived fatigability (range
from 0 to 50). The PFS activities included: leisurely walk for 30 min-
utes, brisk or fast walk for 1 hour, light household activity for 1 hour,
heavy gardening or outdoor work for 1 hour, watching television
for 2 hours, sitting quietly for 1 hour, moderate- to high-intensity
strength training for 30 minutes, participating in a social activity
for 1 hour, hosting a social event for 1 hour, and high-intensity ac-
tivity for 30 minutes. Severity strata were derived to describe par-
ticipants’ characteristics according to established thresholds (PFS
Physical score: 04 [least severe fatigability], 5-9, 10-14, 15-19,
20-24, 225 [most severe fatigability] (2,6); PFS Mental score: 0-3
[least severe fatigability], 4-7, 8-12, 13-15, 16-19, 220 [most severe
fatigability]) (4).

Covariate Measures

Participants were asked about their date of birth, race/ethnicity,
and education level at baseline. At Year 14, height and weight were
assessed at the clinic visit to calculate BMI (kg/m?). Participants

self-reported their physician diagnoses of several medical conditions
both at Year 7 and Year 14 (including diabetes, hypertension, con-
gestive heart failure, heart attack, coronary or myocardial infarction,
stroke, peripheral vascular disease, and chronic obstructive lung
disease [COPD]) and fall history in the past 12 months. Participants
were also evaluated for depression using Geriatric Depression Scale
(range 0-135, score >6 indicates depressive symptoms) (39), and poor
sleep quality using the Pittsburgh Sleep Quality Index (range 0-21,
score >5 indicates poor sleep quality) (40). The seasonality of SWA
measures was coded as winter (January—March), spring (April-
June), summer (July-September), and fall (October-December).

Statistical Analysis

Descriptive characteristics of participants were reported as mean
= standard deviation (SD) or frequencies (7, percentages) for the
overall sample and across the perceived fatigability severity strata
at Year 14. Trends in characteristics by perceived fatigability severity
strata were examined using univariate linear regression. Alpha was
set to 0.05 and, after accounting for multiple comparisons using
Bonferroni method, 2-sided p values smaller than .0125 were con-
sidered significant for all analyses. All analyses were performed using
Stata version 16 (StataCorp, College Station, TX).

First, each metric of PA and perceived fatigability was modeled
separately with multiple linear regression, with per SD of changes
in PA entered into the model as a continuous variable. Then, we
generated similar models with percent changes of PA entered as a
categorical variable (5 groups) as described earlier. The referent cat-
egory was the large decline group (% change > -50%). Progressive
covariate adjustments were applied to account for established and
potential confounders based on prior literature (3,4,41). Model 1
was adjusted for age at Year 14 and study site. Model 2 was fur-
ther adjusted for education (<high school, some college/college de-
gree, and some graduate/graduate degree), BMI (kg/m?), change in
number of self-reported medical conditions between Year 7 and Year
14 (including diabetes, hypertension, congestive heart failure, heart
attack, coronary or myocardial infarction, stroke, peripheral vas-
cular disease, COPD, and fall history), depression, poor sleep quality,
and seasonality of SWA measures. Finally, Model 3 further adjusted
for step count at Year 7 for the step count related models and total
time spent in all PA (METs > 1.5) at Year 7 for LIPA, MVPA, and
sedentary behavior related models. We checked the variance infla-
tion for all models, all VIFs < 2.0. In addition, we examined the
linear trend of the effect sizes across percent changes in PA groups in

the final adjusted Model 3.

Results

Overall, the men in our sample were 84.1 = 3.9 years old at Year 14,
92% White and had a mean BMI of 26.9 = 3.7 kg/m? (Table 1). The
mean PFS Physical and Mental scores at Year 14 were 15.8 = 9.3
points and 7.3 = 7.9 points, respectively (Table 1). Men with more
severe perceived physical fatigability across the severity strata at
Year 14 were older, had higher BMI, more self-reported physician-
diagnosed health conditions (except hypertension and stroke), more
falls in the past 12 months, higher prevalence of depression, and
poor sleep quality at Year 14 (all P<.05, Table 1).

Additionally, at Year 7 men in the most severe perceived physical
tatigability severity stratum (PFS Physical score 225, n = 208) aver-
aged 30% fewer daily steps and about 40% less time spent in LIPA
and MVPA, and 23% more time spent in sedentary behavior than
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men in the least severe stratum (PFS Physical score = 0-4, n = 137;
p < .001; Table 1). Furthermore, men with more severe perceived
physical fatigability had a larger decline in daily step count, time
spent in MVPA (all p < .01, Table 1). For population characteris-
tics by PFS Mental severity strata, only age, self-reported physician-
diagnosed diabetes, heart attack, fall history, depression, poor sleep
quality, daily step count, and time spent in MVPA were different
(Supplementary Table 1).

Changes in Objectively Measured PA

Overall, men decreased their daily step count and time spent in LIPA
and MVPA, but increased their time spent in sedentary behavior
between Year 7 and Year 14 (Supplementary Figure 1). Specifically,
men decreased, on average, their step count by 2 335 = 2 545 (34%)
steps/d, 24 = 31 (25%) min/d in LIPA, 33 = 58 (19%) min/d in
MVPA but increased 40 = 107 (6%) min/d in sedentary behavior
(Table 1). Of note, for all metrics of PA, men with a large decline
in PA (% change <-50%) had the highest PA levels at Year 7, but
the lowest PA levels at Year 14; men with a large increase in PA
(% change >+30%) had the lowest PA level at Year 7, but the highest
PA level at Year 14 (Supplementary Figure 1).

Association Between Changes in PA and Perceived
Physical Fatigability

Percent change in step count showed stepwise associations with
greater perceived physical fatigability in the fully adjusted Model
3 (Table 2). One SD higher change in step count (~increase 2 545
steps/d over 7 years) was associated with 2.4 points lower PFS
Physical scores (p < .001; Table 2). In categorical models, compared
to men with a large decline (% change <-50%), men who main-
tained their step count (x10% change) had 4.5 points lower PFS
Physical scores (p < .001; Table 2). Men who moderately increased
their step count (% change >+10% and <+30%) had 3.4 lower PFS
Physical scores; while men who largely increased their step count
(% change >+30%) had 7.9 points lower PFS Physical scores (all p
<.01; Table 2).

Similarly, when exploring different intensity levels of PA, one
SD higher change in total time spent in LIPA and MVPA (~increase
31 min/d for LIPA and 58 min/d for MVPA over 7 years) were as-
sociated with 1.4 and 1.9 points lower PFS Physical scores, respect-
ively (p < .01). Yet, the amount of change in sedentary behavior was
not associated with perceived physical fatigability. Moreover, in
categorical models, percent change in MVPA showed a clear step-
wise association with perceived physical fatigability after adjusting
for total time spent in all PA and other covariates (p-trend < .001),
whereas change in LIPA showed a less pronounced stepwise as-
sociation with perceived physical fatigability (p-trend = .009).
Specifically, compared to men with a large decline in total time spent
in MVPA (% change <-50%), PFS Physical scores were 1.9, 3.2,
4.3, and 4.4 points lower for men with moderate decline (% change
>-50% and <-10%), maintained (% change +10%), moderate in-
creased (% change >+10% and <+30%) or large increase (% change
>+30%) their total time spent in MVPA, respectively (all p < .01;
Table 2). No associations were observed between percent change in
time spent in sedentary behavior and perceived physical fatigability.

Association Between Changes in PA and Perceived
Mental Fatigability

Overall, the associations between changes in PA and perceived
mental fatigability were similar, but smaller in magnitude than the

associations with perceived physical fatigability. One SD higher
change in step count (~increase 2 545 steps/d over 7 years) was as-
sociated with 1.1 points lower PFS Mental scores (p < .001; Table
3). Similarly, 1 SD higher change of total time spent in LIPA and
MVPA (=increase 31 min/d for LIPA and 58 min/d for MVPA over
7 years) were associated with 0.9 and 1.0 points lower PFS Mental
scores, respectively (p < .01; Table 3). Furthermore, percent changes
in step count, total time spent in LIPA and MVPA, showed stepwise
associations with perceived mental fatigability (p-trend < .01; Table
3). For instance, compared to men with the large decline in time
spent in MVPA, men who moderately declined, maintained, moder-
ately increased, or largely increased their time spent in MVPA had
1.2, 1.8, 2.9, or 3.4 points lower PFS Physical scores (all p < .03),
respectively (Table 3).

Discussion

Our prospective longitudinal study of older men demonstrates that
changes in objectively measured PA over an average of 7 years of
follow-up showed stepwise associations with perceived physical
and mental fatigability, independent of initial PA levels. Specifically,
maintaining or increasing daily step count, time spent in LIPA and
particularly time spent in MVPA was associated with significantly
lower PFS Physical scores. Notably, the magnitude of associations
of changes in PA and perceived fatigability were about two thirds
smaller for PFS Mental scores compared to PFS Physical scores.
Collectively, these findings suggest that men who maintained or in-
creased their free-living PA in later life may experience lower per-
ceived fatigability, especially physical fatigability. However, given
the observational nature of our study and 1-time point assessment
of fatigability, we cannot rule out that men may have adjusted
their daily PA levels in order to concurrently tolerate their fatigue
levels (ie, self-pace or adjust their activity) (23). Future studies that
measure PA and fatigability simultaneously at multiple time points
will lead to a better understanding of the bidirectional relations and
allow for drawing causal conclusions.

Men in our study overall reduced their daily step count and total
time spent in PA over an average of 7.2 years. Particularly, they
largely reduced their time spent in LIPA (25%) and MVPA (19%),
but increased their time spent in sedentary behavior (6%). These
changes in PA are consistent with previous research. For example, in
a population of older adults about 77 years old in the Monongahela-
Youghiogheny Health Aging Team, self-reported average minutes
per day of MVPA decreased by about half (33 min/d) over 8 years
(42). In the English Longitudinal Study of Aging (ELSA), parti-
cipants mean 61 years old showed an overall trend for increasing
levels of inactivity and a reduction in vigorous activity over 10-years
of follow-up (43). However, because participants in ELSA were
younger than men in MrOS, they also found that participants in-
creased their LIPA as a replacement for reduction in vigorous ac-
tivity; whereas, in our study, we found that men tended to reduce
their activities consistently for LIPA and MVPA. We suspect that the
reduction in PA observed in our study is likely owing to decreased
levels of functional fitness, such as reductions in muscle strength,
flexibility, agility, and endurance (44,45), which compressed the total
amount of energy potentially used by an individual within a day and
limited the overall total time spent in PA, especially in MVPA (23).

Oneimportant finding in our study is that maintaining or increasing
daily step count and total time spent in activity, particularly MVPA,
resulted in lower perceived fatigability. The directionality of these
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Table 2. Associations Between Changes in Physical Activity Metrics and Perceived Physical Fatigability Using the Pittsburgh Fatigability
Scale: MrOS (N=1 113)

Model 1* Model 21 Model 3*
Changes in PA Metrics B (95% CI) p Value B (95% CI) p Value B (95% CI) p Value p Trend
Change in step count (steps/d)
Per SD increase (=2 5235 steps/d) -1.1 <.001 -0.9 .001 -2.4 <.001
(~1.6,-0.6) (=1.4,-0.4) (3.0, -1.8)
Large decline Ref Ref Ref <.001
Moderate decline -3.5 <.001 2.7 <.001 -2.8 <.001
(-4.7,-2.3) (3.9, -1.5) (3.9, -1.6)
Maintained -4.9 <.001 -3.9 <.001 -4.5 <.001
(-6.8,-3.0) (-5.7,-2.0) (-6.3,-2.7)
Moderate increase -4.0 <.001 -2.7 .03 -3.4 .004
(-6.4,-1.6) (-5.0,-0.3) (-5.7,-1.1)
Large increase =77 <.001 -6.4 <.001 -7.9 <.001
(~10.4, -5.0) (=9.0, -3.8) (-10.5, -5.3)
Change in time spent in LIPAS (min/d)
Per SD increase (*31 min/d) -0.4 13 -0.4 19 -1.4 <.001
(=0.9, 0.1) (=0.9, 0.2) (3.0, -0.7)
Large decline Ref Ref Ref .009
Moderate decline -2.4 <.001 -1.5 .02 -1.6 .01
(=3.7,-1.1) (=2.7,-0.2) (-2.8,-0.3)
Maintained -2.6 <.001 -1.9 .03 =22 .01
(-4.3,-0.9) (-3.5,-0.2) (-3.8,-0.5)
Moderate increase -3.3 <.001 -2.5 .03 -2.8 .01
(=5.5,-1.1) (4.6, -0.3) (-5.0, -0.6)
Large increase -1.7 13 -0.9 .39 -1.9 .10
(3.9, 0.5) (=3.1,1.2) (-4.0,0.3)
Change in time spent in MVPA! (min/d)
Per SD increase (=58 min/d) -0.7 .01 -0.6 .01 -1.9 <.001
(-1.3,-0.2) (=1.2,-0.1) (-2.5,-1.2)
Large decline Ref Ref Ref <.001
Moderate decline -2.5 <.001 -1.8 .004 -1.9 .002
(-3.8,-1.3) (3.0, -0.6) (-3.1,-0.7)
Maintained -3.3 <.001 -2.6 .003 -3.2 <.001
(-5.1,-1.5) (-4.3,-0.9) (-5.0, -1.5)
Moderate increase -4.4 <.001 -3.5 .002 -4.3 <.001
(6.6, -2.1) (=5.7,-1.3) (6.5, -2.1)
Large increase -3.9 <.001 -3.2 <.001 -4.4 <.001
(-5.6,-2.3) (-4.8,-1.6) (6.0, -2.7)
Change in time spent in sedentary behavior! (min/d)
Per SD increase (~107 min/d) -0.1 77 -0.1 .63 -0.1 .66
(0.6, 0.5) (0.6, 0.4) (=0.7,0.5)
Decline Ref Ref Ref 12
Maintained 0.1 .87 -0.2 .86 -0.04 .97
(~1.6,1.9) (=1.9, 1.6) (-1.7,1.7)
Moderate increase 0.6 .57 0.1 94 0.9 .34
(-1.4,2.5) (-1.7,1.9) (-1.0,2.8)
Large increase -0.8 S5 -0.8 54 1.5 .30
(-3.5,1.9) (-3.4,1.8) (-1.3,4.3)

Notes: BMI = body mass index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; LIPA = light intensity physical activity; METs = meta-
bolic equivalents; MrOS = Osteoporotic Fractures in Men Study; MVPA = moderate-to-vigorous physical activity; PA = physical activity; PFS = Pittsburgh Fatig-
ability Scale; SD = standard deviation. Changes in PA were calculated as differences between PA at Year 14 and PA at Year 7. % change in PA were calculated as
the differences between PA at Year 14 and PA at Year 7 divided by PA at Year 7. For each of the PA metrics: large decline (% change < -50%), moderate decline
(% change > -50% and < -10%), maintained (% change > -10% and < +10%), moderate increase (% change > +10% and < +30%), and large increase (% change
> +30%). Since the distribution of change in sedentary behavior had a narrower range, we categorized men into four groups: declined (% change < -10%), main-
tained (% change > -10% and < +10%), moderate increase (% change > +10% and < +30%), and large increase (% change > +30%). A 4-point difference in PFS
Physical scores and a 3-point different in PFS Mental scores were previously associated with 0.05 m/s usual gait speed change per year (13).

*Model 1 adjusted for age at Year 14 and study site.

Model 2 adjusted for Model 1 + education, BMI (kg/m?), change in number of self-reported medical conditions between Year 7 and Year 14 (including diabetes,
hypertension, congestive heart failure, heart attack, coronary or myocardial infarction, stroke, peripheral vascular disease, COPD, and fall history), depression,
poor sleep quality, and seasonality change.

*Model 3 adjusted for Model 2 + step count at Year 7 for change in step count model. For changes in time spent in LIPA, MVPA, and sedentary behavior, models
adjusted for Model 2 + total time spent in all PA (METs >1.5) at Year 7.

SLight intensity physical activity: >1.5 to <3.0 METs.

'Moderate-to-vigorous physical activity: 23.0 METs.

ISedentary behavior: <1.5 METs excluding sleep time.
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Table 3. Associations Between Changes in Physical Activity Metrics and Perceived Mental Fatigability Using the Pittsburgh Fatigability
Scale: MrOS (N=1 113)

Model 1* Model 2f Model 3*
Changes in PA Metrics B (95% CI) p Value B (95% CI) p Value B (95% CI) p Value p Trend
Change in step count (steps/d)
Per SD increase (=2 525 steps/d) -0.6 .01 -0.4 .07 -1.1 <.001
(-1.1,-0.1) (=0.9,0.0) (=17, -0.6)
Large decline Ref Ref Ref <.001
Moderate decline 2.1 <.001 -1.6 .003 -1.6 .002
(=3.2,-1.1) (2.6, -0.5) (=2.6,-0.6)
Maintained -3.4 <.001 -2.8 .001 -3.1 <.001
(-5.1,-1.7) (-4.4, -0.5) (-4.8,-1.4)
Moderate increase -2.1 .05 -1.4 22 -1.7 A1
(-4.3,0.0) (-3.5,0.8) (-3.9,0.4)
Large increase -4.6 <.001 -3.6 .003 -4.4 <.001
(=7.0,-2.2) (6.0, -1.2) (6.8, -2.0)
Change in time spent in LIPAS (min/d)
Per SD increase (=31 min/d) -0.4 .09 -0.3 17 -0.9 .002
(=0.9, 0.1) (~0.8,0.1) (-1.5,-0.3)
Large decline Ref Ref Ref .009
Moderate decline -2.4 <.001 -1.8 .002 -1.8 .001
(3.5, -1.3) (2.9, -0.6) (=2.9,-0.7)
Maintained -2.1 <.001 -1.6 .03 -1.8 .02
(-3.6,-0.7) (-3.1,-0.1) (-3.2,-0.3)
Moderate increase -2.2 .03 -1.7 .08 -1.9 .05
(-4.1,-0.2) (-3.7,0.2) (-3.9,-0.0)
Large increase -2.4 .02 -1.8 .06 -2.4 .02
(4.3, -0.5) (-3.7,-0.1) (4.3, -0.4)
Change in time spent in MVPA! (min/d)
Per SD increase (=58 min/d) -0.5 .05 -0.4 .09 -1.0 <.001
(0.9, 0.0) (=0.9,0.1) (1.6, -0.5)
Large decline Ref Ref Ref <.001
Moderate decline -1.6 <.001 -1.1 .05 -1.2 .03
(=2.7,-0.5) (-2.2,-0.3) (=2.3,-0.1)
Maintained -1.9 .02 -1.4 .08 -1.8 .03
(-3.5,-0.4) (-2.9,0.1) (-3.3,-0.2)
Moderate increase -3.0 <.001 =-2.5 .01 -2.9 .003
(-4.9,-1.0) (-4.4,-0.5) (-4.9,-1.0)
Large increase -3.2 <.001 -2.7 <.001 -3.4 <.001
(-4.6,-1.7) (-4.2,-1.3) (-4.9, -1.9)
Change in time spent in sedentary behavior! (min/d)
Per SD increase (~107 min/d) 0.1 .74 0.1 .78 -0.1 77
(=0.4, 0.5) (=04, 0.5) (=0.6,0.4)
Decline Ref Ref Ref .18
Maintained 0.4 .63 0.4 .63 0.4 .58
(=1.2,2.0) (-1.2,1.9) (1.1, 2.0)
Moderate increase 0.7 44 0.4 .60 0.9 629
(-1.0,2.4) (-1.2,2.1) (-0.8,2.6)
Large increase -0.0 98 0.1 92 1.4 27
(-2.4,2.3) (-2.2,2.4) (-1.1,3.9)

Notes: BMI = body mass index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; LIPA = light intensity physical activity; METs = meta-
bolic equivalents; MrOS = Osteoporotic Fractures in Men; MVPA = moderate-to-vigorous physical activity; PA = physical activity; PFS = Pittsburgh Fatigability
Scale; SD = standard deviation. Changes in PA were calculated as differences between PA at Year 14 and PA at Year 7. % change in PA were calculated as the differ-
ences between PA at Year 14 and PA at Year 7 divided by PA at Year 7. For each of the PA metrics: large decline (% change < -50%), moderate decline (% change
> -50% and < -10%), maintained (% change > -10% and < +10%), moderate increase (% change > +10% and < +30%), and large increase (% change > +30%).
Since the distribution of change in sedentary behavior had a narrower range, we categorized men into four groups: declined (% change < -10%), maintained (%
change > -10% and < +10%), moderate increase (% change > +10% and < +30%), and large increase (% change > +30%). A 4-point difference in PFS Physical
scores and a 3-point different in PFS Mental scores were previously associated with 0.05 m/s usual gait speed change per year (13).

*Model 1 adjusted for age at Year 14 and study site.

tModel 2 adjusted for Model 1 + education, BMI (kg/m?), change in number of self-reported medical conditions between Year 7 and Year 14 (including diabetes,
hypertension, congestive heart failure, heart attack, coronary or myocardial infarction, stroke, peripheral vascular disease, COPD, and fall history), depression,
poor sleep quality, and seasonality change.

*Model 3 adjusted for Model 2 + step count at Year 7, for change in step count model. For changes in time spent in LIPA, MVPA, and sedentary behavior, models
adjusted for Model 2 + total time spent in all PA (METs >1.5) at Year 7.

SLight intensity physical activity: >1.5 to <3.0 METs.

'Moderate-to-vigorous physical activity: 23.0 METs.

ISedentary behavior: <1.5 METs excluding sleep time.
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associations concur with previous cross-sectional studies (15,17), yet
no previous study has shown any prospective stepwise associations
in a longitudinal design. Our study, using the PFS—a validated meas-
urement of perceived fatigability in older adults—extends knowledge
and revealed that men who increased or managed to maintain their
PA over the 7 years had lower PFS Physical scores regardless of their
Year 7 PA levels. The stepwise relations between percent changes in
PA and perceived fatigability was significant for daily step count, time
spent in LIPA and particularly time spent in MVPA, indicating a po-
tential greater magnitude of association between higher intensity ac-
tivities and fatigue. It could be that higher intensity activities led to
reduced fatigability, or that those with habitually lower fatigability
(which we could not assess because we did not have repeat assess-
ments of fatigability) are more likely to increase or maintain activity
levels over time. Exercise interventions designed to increase higher-
intensity PA levels are relatively rare in older adults due to safety con-
cerns, but one randomized trial among older adults with rheumatoid
arthritis found that MVPA significantly reduced self-reported fatigue,
potentially through improvement in aerobic capacity, endurance,
and physical strength of participants (46). We also acknowledge that
bidirectionality may exist between PA and fatigability. However, we
postulate that changes in PA may precede fatigability in this study
given (a) the order of PA and PFS data collection in MrOS; (b) our
previous work implying a pathway from PA to fatigability then to
gait speed (21), and (c) adjustment for time spent in all PA at Year 14
instead of at Year 7 (Model 3) yielding same results (data not shown).
Thus, increasing/maintaining PA contributed to lower fatigability be-
yond the cross-sectional associations of PA and fatigability. Future
studies with concurrent and multiple measures of PA and fatigability
can use structural equation models to better decipher the temporality
between changes in PA and fatigability.

Another important finding is the differential magnitude of effect of
the associations between changes in PA and perceived physical versus
mental fatigability. The weaker associations between changes in PA
and perceived mental fatigability suggest that mental fatigability may
be more sensitive to cognitive, emotional, and motivational factors
(4), whereas physical fatigability is more related to physical function
and fitness (3). Although PA is associated with social functioning,
emotionality, and mental health (47,48), it may take a greater volume
of PA and/or longer duration of being physically active to confer bene-
fits on perceived mental fatigability. Furthermore, the type of activity
(eg, social vs exercise) and the environment where the activity occurs
may also influence perceived mental fatigability. As perceived fatig-
ability has been linked with life-space mobility (29), walking outside
in a complex outdoor environment might have impact on perceived
mental fatigability more than indoor activities, because of the higher
cognitive demands. This emphasizes the need to explore different
underlying mechanisms of PA on perceived physical versus mental fat-
igability, to provide important knowledge foundations for designing
unique interventions to reduce either physical or mental fatigability.

This study has several strengths, including the large prospective
cohort of men in their ninth decade of life with objective PA meas-
ured over 7 years, use of a sensitive and valid measure of one’s
perception (ie, vulnerability) of fatigue in relation to a range of activ-
ities, and adjustment for several potential confounders. Limitations
of this study include that MrOS is a cohort of predominately healthy
older white men limiting generalizability to other race/ethnic groups
and to women. A greater portion of the sample died or terminated
before Year 14, making our results prone to survival bias, thus likely
underestimating declines in PA. Additionally, PA was measured at
different seasons over 2 visits (Kappa statistics = -0.03, only 23%
of participants wore the SWA during the same season at both visits),

which may have resulted in changes in PA due to seasonality differ-
ences, not actual lifestyle change. Participants who wore the SWA
in spring/winter at Year 7, but wore it in the summer at Year 14
had the smallest decline in step count and total time spent in LIPA
and MVPA between visits. Furthermore, men who wore the SWA in
summer/fall at Year 7, but wore it in the winter at Year 14 had the
largest decline in step count and total time spent in LIPA and MVPA
between visits. However, we addressed this issue by adjusting for
seasonality in our analytic models. Lastly, our findings should not be
interpreted as causal, even though we adjusted for many covariates
at Year 14 and changes in medical conditions between Year 7 and
Year 14 because they were more directly related to fatigability, and
better represented the disease burden over the follow-up. In addition,
it is important to note that maintainers may not benefit from habit-
ually lower PA. This subgroup (~2%) who sustained PA lower than
the sample median at both Year 7 and Year 14 had nonsignificantly
higher mean PFS scores than the rest of maintainers, warranting fur-
ther exploration given the very small sample size.

In conclusion, maintaining or increasing either step count, total
time spent in LIPA, and particularly total time spent in MVPA
showed a strong prospective stepwise association with both lower
perceived physical and mental fatigability scores over a 7-year
follow-up in older men. Our findings are informative for exercise
prescription to reduce fatigability in older adults.
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