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Abstract

Objectives—Associations of objectively measured activity across the full range of levels with
mortality in the aged population are uncertain. This study examines associations of objective
measures of activity level with mortality risk in older men.

Design—~Prospective cohort study
Setting—Six U.S. sites
Participants—2918 men age >71 years followed an average of 4.5 years

Measurements—Time awake spent in sedentary behavior (MET level <1.50), light activity
(MET level 1.51-2.99) and at least moderate activity (MET level =3.00) measured using an
activity monitor (SenseWearPro armband worn =5 days) and expressed as quartiles (Q). Deaths
confirmed with death certificates; cause of death adjudicated by review of certificates and records.

Results—During follow-up, 409 (14%) men died. After multivariable adjustment, greater time
spent in sedentary behavior (hazard ratio [HR] Q4 vs. Q1 1.51 [95% ClI, 1.10-2.08]), less time
spent in light activity (HR Q1 vs. Q4 1.54 [95% ClI, 1.06-2.24]), and less time spent in at least
moderate activity (HR Q1 vs. Q4 1.56 [95% CI, 1.09-2.25]), were similarly associated with
increased mortality risk primarily due to higher risks of cardiovascular and non-cardiovascular,
non-cancer death. The association of time spent in sedentary behavior with mortality varied by
time spent at higher activity level. Greater time spent in sedentary behavior was associated with an
increased risk of death among men spending =1.2 (median) hours/day in at least moderate activity
(HR Q4 vs. Q1 2.09 [95% ClI, 1.26-3.49]), but not among those spending less time (HR Q4 vs. Q1
1.02 [95% ClI, 0.62-1.66]) (p=0.005 for interaction).

Conclusion—In older men exceeding current guidelines on physical activity, greater time spent

in sedentary behavior is associated with increased mortality risk.

Keywords
physical activity; mortality; aging; men

INTRODUCTION

A typical 24-hour period is comprised of sleeping and a wide range of activities during the
waking period including sedentary behavior, light intensity activity, moderate intensity
activity and vigorous intensity activity. While activity intensity levels can be estimated by
self-report, questionnaire-based assessments are subject to recall and reporting biases! and
often do not accurately capture light activity and sedentary behaviors.2 These limitations
may be of most concern when estimating activity level of older adults.34

Activity level can be objectively measured using an accelerometer, a small electronic device
that provides an objective record of the volume, intensity and frequency of activity between
and within a 24 hour period with considerable precision.® Studies using accelerometry data

J Am Geriatr Soc. Author manuscript; available in PMC 2015 November 03.
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in participants in the 2003—-2004 U.S. National Health and Nutrition Examination Survey
(NHANES)have reported that older adults are most sedentary with 9 hours per day of
sedentary time during waking hours among those =75 years5, and least active with average
time in vigorous activity not different from zero among those =60 years.*

While a few prior studies have reported the relationship of objectively measured
activity8with risk of death in older adults, the associations of objectively measured activity
across the full range of levels with mortality risk in the aged population are uncertain.
Specifically, it is uncertain whether objectively measured light activity is related to risk of
death and if sedentary time is a risk factor for mortality among adults meeting public health
guidelines on participation in physical activity (i.e. those spending =30 minutes of moderate
activity on five days each week). To comprehensively assess associations of objective
measures of activity level with mortality risk in older men, we measured time awake spent
in sedentary behavior, light activity and at least moderate activity and time spent asleep
using a portable multisensory device in a cohort of 2918 men =71 years enrolled in the
Osteoporotic Fractures in Men (MrQOS) study and followed them prospectively for an
average of 4.5 years for all-cause and cause-specific mortality.

METHODS

Study Population

From 2000 to 2002, 5994 men aged =65 years were recruited from population-based listings
in six regions of the United States for the baseline visit of MrOS.%10Men with a history of
bilateral hip replacement and men unable to walk without the assistance of another person
were excluded. From 2007 to 2009, surviving participants were invited to participate in a
third study visit. The cohort for this analysis was comprised of 2918 men with valid activity
monitor data at the third examination (See Supplementary Appendix Figure 1). The
institutional review board at each participating institution approved the study protocol and
written informed consent was obtained from all participants.

Activity Monitor

Participants were instructed to wear the activity monitor (SenseWear Pro Armband [Body
Media, Inc., Pittsburgh, PA]) at all times, including while sleeping, over the right triceps
muscle for a typical 7-day period and to remove it only for brief periods for bathing and
water activities. Data were sampled in 1-minute (min) epochs over 24-hour periods from a
heat flux sensor, a galvanic skin response sensor, a skin temperature sensor, a near body
temperature sensor, and a body movement sensor (bi-axial accelerometer). These data were
used in proprietary algorithms (Innerview Professional 5.1 software) along with participant
characteristics (age, height, weight, handedness, and smoking status) to estimate
time(min/24 hours) spent sleeping and time (min/24 hours) awake spent in sedentary
behavior (Metabolic Equivalent Task [MET] level <1.50), light activity (MET level 1.51—
2.99) and at least moderate activity (MET level =3.00).11 METSs were calculated as energy
expenditure divided by the constant value of 1 kcal/kg/hour.12:13

J Am Geriatr Soc. Author manuscript; available in PMC 2015 November 03.
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A validation study comparing the SenseWear Pro Armband with the criterion method of
doubly labeled water showed excellent levels of agreement for total energy expenditure in
older adults.1 In addition, a validation study in patients with obstructive sleep apnea and
controls!® showed excellent levels of agreement between time spent sleeping estimated by
the SenseWear software and total sleep time as measured using overnight in-laboratory
polysomnography. Men were required to have at least five 24-hour periods of data and wear
the activity monitor at least 90% of the time to be considered as having valid data; this time
period was selected to ensure that the activity monitor recorded time spent in daily activity
that was representative of the participant’s usual life. All activity level measures used in the
analyses reflected mean daily experience in order to obtain a representative characterization
of usual activity pattern, and were averaged over all days to limit variability in the measures.

Other Measurements

Mortality

Participants were asked about race/ethnicity, education, marital status, smoking status,
health status and a physician diagnosis of selected medical conditions (see footnote Table 1).
Depressive symptoms were evaluated using the Geriatric Depression Scale.16 Men were
asked about their ability to perform five instrumental activities of daily living (IADL).1’
Self-reported physical activity was assessed using the Physical Activity Scale for the Elderly
(PASE).18 Tests of physical function included gait speed (time in seconds to walk 6 meters
at usual pace expressed as m/s). Cognitive function was assessed with the Modified Mini-
Mental State examination.1® Total body bone mineral density including total body fat was
measured with dual-energy x-ray absorptiometry.20

Participants were contacted every four months to ascertain vital status. During a mean (SD)
follow-up of 4.5 (1.0) years after the third examination, over 99% of these contacts were
completed. Deaths were confirmed with death certificates and cause of death was
adjudicated due to cardiovascular disease(CVD), cancer or other cause by central physician
review of death certificates and medical records. Cause of death was broadly categorized by
ICD-9 codes as cardiovascular (codes 396.9-442, 966.71, 785.51), cancer (codes 141.9—
208.0), and other causes (reported codes not in previous categories).

Statistical Analysis

The predictor variables of interest were time awake (min/24 hours) spent in sedentary
behavior (MET level <1.50), light activity (MET level 1.51-2.99) and at least moderate
activity (MET level =3.00). Characteristics of participants were compared across quartiles of
time spent in sedentary behavior. Adjusted survival curves for each activity level measure
stratified by quartiles were plotted.

Cox proportional hazards models were used to estimate the association of each activity level
measure with all-cause and cause-specific mortality outcomes. The proportional hazards
assumption for models was confirmed using Schoenfeld residuals.?! The hazard ratio (HR)
and 95% confidence interval (CI) for each outcome was calculated across quartiles of time
spent in sedentary behavior with quartile 1 (least sedentary) serving as the referent group,
while the HR and 95% CI for outcomes was calculated across quartiles of time spent in light

J Am Geriatr Soc. Author manuscript; available in PMC 2015 November 03.
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activity and quartiles of time spent in at least moderate activity) with quartile 4 (most active)
serving as the referent group. Men who were lost to follow-up (n=26) were censored after
date of last follow-up contact. In cause-specific mortality analyses, men who died of another
cause were censored at the time of death.

Initial analyses were adjusted for age, race, site and season and then further adjusted for
additional potential confounders selected for inclusion in the multivariable model because
they were correlates of activity level measures or associated with mortality risk independent
of age. Since studies in older adults have reported independent associations of self-reported
physical activity?2-28 and gait speed?® and inconsistent associations of objectively measured
sleep duration39-3lwith risk of death in older adults, the PASE score, gait speed and time
spent asleep were subsequently added to the multivariable model to determine whether an
association was independent of self-reported activity, gait speed, and sleep duration.
Multicollinearity of the PASE (and other covariates) with the activity monitor measures was
examined and found to be at an acceptable level (variance inflation factors <2.5). Tests for
trend were performed by including each activity level measure (ordinal variable, 4 levels) as
an independent variable in the models.

We examined whether the associations differed by age group and tested for age *activity
level measure interactions. Since unhealthy individuals who are at higher risk of death are
also more likely to be sedentary and less active, sensitivity analyses were performed
excluding 51 men who died during the first year of follow-up and excluding 1298 men with
multiple (=2) medical conditions. To determine if sedentary time was a risk factor for
mortality among more active men, we stratified participants by time spent in light activity
(<64 minutes [median] vs. =64 minutes) and time spent in at least moderate activity (<69
minutes [median] vs. =269 minutes). We also tested for the possibility of interactions between
time spent in sedentary behavior and time spent at these higher activity levels for the
prediction of risk of mortality.

All significance levels reported were two-sided. All analyses were conducted using SAS
version 9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Among the 2918 men (mean age 79.0 years) in the cohort, activity monitor data were
collected for an average (SD) of 5.1 (0.3) 24-hour periods. In a typical 24-hour period, men
were sedentary while awake for 60.8% of the time, participated in light activities while
awake for 4.9% of the time and participated in at least moderate activity while awake for
5.9% of the time (28.4% of time was spent sleeping). Of time spent in at least moderate
activity, only 13% was spent in vigorous (MET level =6.00) activity. Median (interquartile
range) was 845 (772-915) minutes for time awake spent in sedentary behavior, 64 (42-88)
minutes for time awake spent in light activity and 69 (38-114) minutes for time awake spent
in at least moderate activity. There were moderate inverse correlations between time spent in
sedentary behavior and the other activity level variables(r=—0.53 for time spent in light
activity and —0.63 for time spent in at least moderate activity); the correlation between time
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spent in light activity and time spent in at least moderate activity was 0.69. Characteristics of
participants by quartile of time spent in sedentary behavior are shown in Table 1.

Activity Level Measures and All-Cause Mortality

A total of 409 (14%) men died during an average(SD) follow-up of 4.5 (1.0) years. Men
with greater time spent in sedentary behavior, those with less time spent in light activity and
those with less time spent in at least moderate activity had a lower probability of survival
(log rank test for trend <0.001 across quartiles of each activity level measure) (Figure 1a—c).

Greater time spent in sedentary behavior was associated with a higher risk of death (Table
2). After adjustment for multiple confounders (age, race, site, season, education, marital
status, health status, smoking, comorbidity burden, depressive symptoms, cognitive
function, IADL impairments, percent body fat), men in quartile (Q) 4 (=915 minutes [15.2
hours]) had over a 1.5-fold higher risk of all-cause mortality (HR 1.56, 95% CI 1.15-2.14)
compared with men in Q1 (referent group, <772 minutes [12.7 hours]) (p-trend 0.01).
Further adjustment for differences in self-reported activity, gait speed and time spent asleep
did not attenuate this association (HR Q4 vs. Q1 1.79, 95% CI 1.19-2.70) (p-trend 0.02).

Less time spent in light activity and less time spent in at least moderate activity were also
each associated with an increased risk of death. After adjustment for multiple potential
confounders and accounting for self-reported activity, gait speed and time spent asleep, the
HR (95% CI) of mortality was 1.57 (1.08-2.29) among men in Q1 (<42 minutes) compared
with those in Q4 (=88 minutes) of light activity (p-trend 0.006) and 1.58 (1.10-2.27) among
men in Q1 (<38 minutes) compared with those in Q4 (=114 minutes) of at least moderate
activity (p-trend 0.009).

There was no evidence of an interaction between age(<80 vs. =80 years) and any activity
level measure for prediction of risk of mortality. In addition, multivariable associations
between each measure and mortality persisted when 51 men who died within the first year of
follow-up were excluded from the analyses; multivariable HRs (95% CI) were 1.47 (1.04—
1.68) for Q4 vs. Q1 of sedentary behavior, 1.49 (1.02-2.18) for Q1 vs. Q4 of light activity
and 1.58 (1.10-2.27) for Q1 vs. Q4 of at least moderate activity. Excluding the 1298 men
with multiple (=2) co-morbid medical conditions from the analyses also did not substantially
alter the results (data not shown), though the association between greater time spent in
sedentary behavior and mortality was modestly attenuated and no longer significant.

There was evidence that the association of time spent in sedentary behavior with mortality
varied by time spent in light activity and time spent in at least moderate activity. For
example, greater time spent in sedentary behavior was associated with an increased risk of
death among men spending at least 69(median) minutes per day in at least moderate activity
(multivariable HR Q4 vs. Q1 2.09 [95% ClI, 1.26-3.49]), but not among those spending less
time in at least moderate activity (multivariable HR Q4 vs. Q1 1.02 [95% Cl, 0.62-1.66])
(p=0.005 for interaction) (Figure 2a). Similarly, greater time spent in sedentary behavior was
associated with an increased risk of death among men spending at least 64 (median) minutes
per day in light activity (multivariable HR Q4 vs. Q1 2.03 [95% ClI, 1.24-3.32]), but not
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among those spending less time in light activity (HR Q4 vs. Q1 1.14 [95% ClI, 0.72-1.79])
(p=0.06 for interaction) (Figure 2b).

Activity Level Measures and Cause-Specific Mortality

Among the 409 deaths, 138 were attributed to CVD, 129 to cancer and 142 to non-CVD,
non-cancer causes. The association between greater time spent in sedentary behavior and a
higher risk of all-cause mortality appeared to be primarily related to increased risks of CVD
and non-CVD non-cancer deaths among the most sedentary men(Table 3). Similar findings
were apparent for time spent in at least moderate activity and cause-specific mortality. In
contrast, there was some evidence that less time spent in light activity was associated with
an increased risk of CVD death, cancer death and death due to other causes.

DISCUSSION

Greater time spent in sedentary behavior, less time spent in light activity and less time spent
in at least moderate activity during waking hours were each associated with a higher risk of
death in this prospective study of older community-dwelling men. The association between
greater time spent in sedentary behavior and increased mortality was most pronounced
among more active men who were exceeding current recommendations on physical activity
and public health in older adults. These findings suggest that physical activity guidelines
should be updated to specifically encourage a reduction in sedentary time in addition to
stressing participation in light and moderate activity in order to maximize longevity of aged
populations.

Men in this study, on average, were sedentary while awake for 60% of the time during a 24-
hour period, engaging in activities (e.g., sitting or reclining) that did not increase energy
expenditure substantially above the resting level. A previous study of U.S. adults who wore
an accelerometer while awake estimated that adults =70 years were sedentary for two-thirds
of the time.® Similarly, a prior study in older U.K. adults reported that half of the sample
spent more than 80% of waking hours in sedentary behavior.32

Men spending =15.2 hours per day in sedentary behavior while awake compared with those
spending <12.7 hours per day had a 1.5 to 1.7-fold higher risk of mortality during a follow-
up of 4.5 years, even after accounting for differences in self-reported physical activity, gait
speed and objectively measured sleep duration. Importantly, we found that the association of
time spent in sedentary behavior with mortality depended on time spent at higher levels of
activity. Among men participating in <69 minutes (1.2 hours) per day of moderate activity
(and those participating in <64 minutes (1.1 hours)per day of light activity), time spent in
sedentary behavior was not related to mortality suggesting that the amount of time spent in
sedentary behavior does not influence longevity among less active older adults. However
among more active men participating in =1.2 hours per day of at least moderate activity (and
those participating in =1.1 hours per day of light activity), greater time spent in sedentary
behavior conferred a 2-fold higher risk of death. This finding indicates that the relative
benefit (at least in terms of mortality reduction) of physical activity among this group of
men who met or exceeded current public health recommendations was least among the most
sedentary individuals and supports the premise?:33 that too much sedentary time reduces the
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potential benefit of light or moderate activity in older adults. A previous study’ in 1906
adults with accelerometry data aged =50 years enrolled in NHANES reported that more
sedentary time was associated with a higher risk of mortality during a follow-up of 2.8
years, even after accounting for time spent in at least moderate activity, but did not evaluate
whether the association varied by time spent in moderate activity or time spent in light
activity or take into account time spent asleep. In addition, prospective studies in adults34-38
using self-report instruments have found that sedentary behavior is associated with
mortality, independent of physical activity level, but these instruments that may not
differentiate sedentary behavior from light activity.

Less time spent in light activity and less time spent in at least moderate activity were each
associated with a higher risk of death. These findings are in general agreement with results
of a study® of 302 older adults that reported that free living activity energy expenditure was
associated with a lower risk of death, suggesting that any activity expenditure can help lower
mortality risk. Our findings expand on these results by providing evidence that participation
in usual daily (i.e., light) activity is associated with a reduction in risk of mortality.

Greater time spent in sedentary behavior and less time spent in at least moderate activity
were each associated with higher risks of all-cause mortality primarily due to higher risks of
CVD death and death due to non-CVD, non-cancer causes, while less time spent in light
activity was associated with increased risks of CVD death, cancer death and death due to
other causes. Previous studies36-38in middle aged adults have reported that self-reported
sedentary behavior is associated with deaths due to CVD, cancer and other causes.
Investigations in older adults22-25 have found consistent associations between self-reported
physical activity and CVD death and inconsistently observed relationships between self-
reported physical activity and cancer death.

Our results support current recommendations on physical activity and public health in older
adults39-42 that suggest =30 minutes of moderate activity on five days each week to achieve
health benefits. Our study with its objective measurements expands on the previous evidence
for these recommendations that relied on reports of studies examining effects of self-
reported physical activity on mortality.22-28 These guidelines also stress increasing
moderate activity with less emphasis on attaining vigorous activity in agreement with our
finding that older men spent very little time participating in vigorous activity. While our
findings agree with the emphasis in current guidelines on participation in moderate activity,
our results also suggest that future recommendations should stress reducing sedentary time
and encourage participation in light activity. Incorporating participation in light activity into
future guidelines is especially important in the aged population as many older adults may
have difficulty maintaining recommended levels of moderate activity due to low levels of
fitness, decreased functional capacity or existing disability.

This study has several strengths including the large well-characterized cohort with objective
activity measures across the full range of levels, nearly complete follow-up, adjustment for
several potential confounders, and ascertainment of cause-specific mortality. However, this
study also has limitations. The cohort was comprised of predominantly healthy older men
and results are not necessarily generalizable to other populations. Unhealthy individuals at
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increased risk of mortality are less likely to be active and more likely to be sedentary; thus,
the possibility of residual confounding remains. However, associations remained after
adjustment for health status and comorbidity burden and were not substantially altered when
men who died within the first year of follow-up or men with multiple comorbidities were
excluded from the analyses. Use of absolute MET ranges established in younger adults to
define aerobic intensity categories may not be appropriate to use in older populations, but
this limitation is mitigated by our evaluation of objectively measured activity across the full
range of levels. Larger studies are needed to precisely quantify the independent effects of
objective activity level measures on mortality risk. Finally, it is uncertain if associations will
persist with longer follow-up.

In conclusion, greater time spent in sedentary behavior, less time spent in light activity and
less time spent in at least moderate activity were each associated with an increased risk of
mortality in older men. In particular, greater time in sedentary behavior was independently
associated with higher mortality among active men meeting current guidelines about
participation in physical activity in older adults. Efforts to encourage participation in both
light and moderate activity and stress reduction of sedentary time may increase longevity of
aged populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Figure la—c. Cumulative Survival by Quartile of Activity Level Measure

Model adjusted for age, clinic, race, and season
@The number at risk at 5 years is much smaller because not all participants had 5 years of
follow-up time
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Figure 2.
Figure 2a. Association between Time Awake Spent in Sedentary Behavior and Mortality

Stratified by Time Awake Spent in at Least Moderate Activity

Models adjusted for age, race, site, and season, education, marital status, health status,
smoking, comorbidity burden, depressive symptoms, cognitive function, number of
Instrumental Activities of Daily Living (IADL) impairments, and percent body fat
Note: 69 minutes =median

4p<0.05, Q4 vs. Qlof time awake spent in sedentary behavior

Figure 2b. Association between Time Awake Spent in Sedentary Behavior and Mortality
Stratified by Time Awake Spent in Light Activity

Models adjusted for age, race, site, and season, education, marital status, health status,
smoking, comorbidity burden, depressive symptoms, cognitive function, number of
Instrumental Activities of Daily Living (IADL) impairments, and percent body fat
Note: 64 minutes =median

4p<0.05, Q4 vs. Q1 of time awake spent in sedentary behavior
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