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Abstract

Purpose—We examined total, light, and moderate-to-vigorous physical activity (MVPA) as
predictors of mortality in a nationally representative sample of older adults. Then, we explored the
theoretical consequences of replacing sedentary time with the same duration of light activity or
MVPA.

Methods—Using accelerometer measured activity, the associations between total, light (100 to
2019 counts per minute), and moderate-to-vigorous (>2019 counts per minute) activity counts and
mortality were examined in adults aged 50 to 79 in the National Health and Nutrition Examination
Survey, 2003-2006 (n=3,029), with mortality follow-up through December 2011. Cox proportional
hazards models were fitted to estimate mortality risks. An isotemporal substitution model was
used to examine the theoretical consequences of replacing sedentary time with light activity or
MVPA on mortality.

Results—After adjusting for potential confounders, including age, sex, race/ethnicity, education,
body mass index, and the presence of comorbid conditions, those in the highest tertile of total
activity counts had one fifth the risk of death of those in the lowest tertile (HR: 0.21, 95% CI:
0.12, 0.38), and those in the middle tertile had one third the risk of death (HR: 0.36, 95% CI: 0.30,
0.44). In addition, replacing thirty minutes of sedentary time with light activity was associated
with significant reduction in mortality risk (After 5 years of follow-up: HR = 0.80, 95% CI: 0.75,
0.85). Replacing thirty minutes of sedentary time with MVPA was also associated with reduction
in mortality risk (HR = 0.49, 95% CI: 0.25, 0.97).

Conclusions—Greater total activity is associated with lower all-cause mortality risk. Replacing
sedentary time with light activity or MVPA may reduce mortality risk for older adults.
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INTRODUCTION

Physical activity, an important behavioral predictor of health, morbidity, and mortality (12,
19), is often categorized by its intensity. Moderate (3.0-6.0 metabolic equivalents (METs)) to
vigorous (>6 METs) physical activity (MVPA) comprises activities such as brisk walking or
running, that generally require significant movement and increased energy expenditure;
sedentary behavior refers to activities such as sitting that involve minimal movement or
energy expenditure and fall in the range of 1.0 to 1.5 METs; and light activity refers to
activity in between sedentary and MVPA, such as standing, walking at slow to usual pace,
and routine housework (1).

Objective measurement of physical activity via accelerometry provides an advantage over
self-reported physical activity because self-reports are known to overestimate duration and
intensity of physical activity (29, 35). Accelerometers also provide data on intensity every
minute or less, potentially allowing estimation of the duration and intensity of activity with
greater precision than self-reports (28). Sedentary and light activity are particularly difficult
to measure using self-reports, and are often not included in studies based on self-report (34).
Cut-points for MVPA, light activity, and sedentary behavior have been proposed for
accelerometry corresponding to equivalent MET intensity values (35).

Greater MVPA is protective against morbidity and mortality (5, 9, 12). One study using
accelerometry suggests that fewer than 10% of adults get the recommended 30 minutes per
day of MVPA on at least 5 of 7 days (35) and estimates of adherence based on self-report are
often between 30 and 60%. This proportion declines with age; for example, Troiano et al.
found that only 2.4% of people over age 60 meet the recommendations (35). Regardless of
whether adherence estimates from accelerometry or self report are correct, many adults fail
to meet recommendations for MVPA, and MVPA may be difficult for some adults to engage
in (e.g. disability or multiple co-morbidities). Thus recent studies have begun to explore the
role of light intensity activity and sedentary time in relation to health and mortality,
especially in older adults. Studies have shown that greater sedentary time is predictive of
morbidity and mortality, regardless of the amount of time spent in MVPA (4, 11). There is
growing interest in whether light activity, which may be more attainable than MVPA for
certain populations, might also be protective against the risk of mortality. Light activity
accounts for a majority of total daily activity for the average person (8, 14); it is therefore
important to understand its influence on mortality risks. Several studies have found an
association between greater light-intensity activity and reduced mortality when using self-
reported physical activity data (6, 16, 40) but only a handful of studies have examined
relationships with objectively measured physical activity.

The aims of this paper are two-fold. First, we examined accelerometer-measured total, light,
and moderate-to-vigorous physical activity as predictors of mortality in a nationally
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representative sample of older adults. We hypothesized that greater total, light, and
moderate-to-vigorous physical activity would each be associated with reduced mortality
risk. Second, we used an isotemporal substitution model (17) to explore the theoretical
consequences of replacing sedentary time with the same duration of light activity or with
MVPA, and, conversely, replacing MVPA with the same duration of light activity. We
hypothesized that replacement of sedentary time with light activity or MVPA would reduce
mortality risk, while replacing MVPA with light activity would increase mortality risk.

Study population

Measures

Data are from the 2003-2004 and 2005-2006 waves of the National Health and Nutrition
Examination Survey (NHANES), a stratified, multistage probability sample representative of
the civilian non-institutionalized U.S. population, described in detail elsewhere (21). These
data are linked to death records from the National Death Index through December 31, 2011
(22), which provide vital status. If deceased, length of time (in months) between the
NHANES examination and the subject’s death is provided. There were 3,653 subjects aged
50 and older at baseline examination who provided sufficient accelerometry data, defined as
at least one day of at least 10 hours of wear time to be consistent with prior evidence (11, 36,
37). The threshold of 10 hours is appropriate because a simulation study of NHANES data
found that the proportion of time subjects spent in activities of different intensities was the
same whether a valid day was defined as 10 hours or 14 hours of wear time (7). There were
6 subjects with unknown vital status and 1 with unknown survival time, and an additional 33
subjects were missing data on measured body mass index (BMI); these subjects were
excluded. A further 10 subjects who died of accidental causes and 574 subjects aged 80 and
above were excluded for analytical purposes as outlined below in the Statistical analysis
section. The final analytic sample contained 3,029 observations of persons aged 50 to 79 at
baseline.

Physical activity was measured with the ActiGraph AM-7164 accelerometer (ActiGraph,
LLC, Fort Walton Beach, Florida), using methods described in detail elsewhere (11, 20, 35).
Participants were instructed to wear the device on a belt around the waist for seven
consecutive days, except when sleeping or bathing. The accelerometers measure movement
and its intensity in activity counts per minute, with higher count values corresponding to
more-intense movement. Non-wear time was defined as intervals of at least 60 consecutive
minutes of zero counts, with allowance for up to two minutes of counts between 1 and 100
(11, 25). Total physical activity volume was measured a priori in total activity counts per day
by sex-specific tertiles (39).

Accelerometer data were also classified into physical activity intensity levels using
previously established cut-points based on METs of activity (11, 35). Sedentary behavior
was defined as counts per minute below 100; light activity was defined as counts per minute
from 100 to 2019; and MVPA was defined as counts per minute of 2020 or higher. Total
activity counts comprised the sum of sedentary, light, and MVPA counts. Light activity and
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MVPA volume were measured in counts per day, by sex-specific tertiles, in parallel to the
measure of total activity volume.

In the isotemporal substitution model, minutes per day in each physical activity intensity
level, rather than counts per day, were used. Minutes per day were modeled as continuous
variables, with each value divided by 10 so that regression coefficients could represent the
partial effects of 10 additional minutes in a given activity intensity.

Selection of covariates was based on known confounders of the activity-mortality
relationship, from a prior study in NHANES (11). Covariates included age, sex, race/
ethnicity (non-Hispanic black, Hispanic, White and other), education (less than high school,
high school, more than high school), smoking status (never, former, current), BMI (kg/mz),
mobility limitation (yes, no), defined as any difficulty walking a quarter mile or walking up
ten steps, and diagnosis of diabetes (yes, no), coronary heart disease (yes, no), congestive
heart failure (yes, no), stroke (yes, no), and cancer (yes, no). The time scale in survival
model was years since baseline measurement of physical activity. All covariates were self-
reported except BMI, where height and weight were measured by NHANES technicians.

Statistical analysis

Descriptive statistics were calculated for the sample as a whole and by tertiles of total
activity volume. Linear trends in covariates were tested using an ordinal variable linear
regression across tertiles of total activity.

Log-rank tests assessed the unadjusted differences in survival across tertiles of total activity,
light activity, and MVPA counts. Cox proportional-hazards models were used to estimate the
hazard ratios (HR) and 95% confidence intervals (CI) for total activity, light activity, and
MVPA counts. Minimally adjusted models included (X): age, sex, race/ethnicity, and
education level, while fully adjusted models added: BMI, smoking, and the presence of
chronic diseases and mobility limitations. In a sensitivity analysis, subjects with at least one
chronic disease or mobility limitation at baseline were excluded. Formally, the model used
was:

h(t, Activity, X) =hg (t) exp (31 totaltime+3s T2+ 35T 3+4X) (Equation 1).

In Equation 1, Ay(?)is the baseline hazard function; tofaltime is total wear time (minutes) per
day; 72and 73, are indicators that the person’s total activity counts were in the second or
third tertile, respectively, with those in the first tertile serving as the reference group; and X
is defined above. In models of light activity, the meaning of all the parameters of Equation 1
remain the same, except that 72 and 773 indicate that the person’s light activity counts were
in the second or third tertile. Models of light activity counts also adjusted for minutes of
MVPA. In models of MVPA, T2 and 73 indicate that the person’s MVPA counts were in the
second or third tertile, with all other aspects of the model the same as the model of total
activity counts.
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The proportional hazards assumption underlying Equation 1 was assessed graphically using
log-log plots and observed (Kaplan-Meier) versus predicted (under proportional hazards)
plots. In initial models, the proportional hazards assumption with respect to the indicators
for activity tertiles (72 and 773) was violated, as shown by crossover of the log survival time
curves of 72and 73 in the first year of follow-up, suggesting that early deaths were the
source of the violation of the proportional hazards assumption. Because the hazard of death
over age 80 has a different functional form than that below age 80 (33), subjects over age 80
at baseline were excluded. Subjects whose cause of death was coded as accidental (ICD-10
groups V01 to X59 and Y85 to Y86) were also excluded because the median time to death
among these subjects (2.5 years) was considerably shorter than the median time to death for
subjects who died from all other causes (3.75 years). After exclusion of these individuals,
the proportional hazards assumption was met.

The theoretical result of replacing a defined duration of one physical activity intensity for
the same duration of another physical activity intensity was estimated with an isotemporal
substitution Cox proportional-hazards model (17). The statistical model was

h(t, Activity, X) =hg () exp (51 totaltime+Ga lighttime+ 33 MV PAtime+yX+8Int)

(Equation 2).

In Equation 2, Ay(?), totaltime, and X are defined as above. By construction, fotaltime is
composed of /ighttime (minutes of light activity), MVPAtime (minutes of MVPA), and
sedentarytime (minutes of sedentary time). By omitting sedentary time from the model, the
coefficient B, represents the partial effect of substituting 10 minutes of sedentary time with
10 minutes of light activity, holding MVPA, the length of the “wear-day”, and the values of
covariates in X constant. Similarly, if light activity and total wear time are held constant,
then 3 represents the partial effect of replacing 10 minutes of sedentary time with 10
minutes of MVPA (17). To examine the possibility that associations between physical
activity and mortality vary over time an interaction variable was defined as
Int=lighttime*(years since baseline). For continuous independent variables, such as minutes
of activity, this interaction term maintains the statistical validity of the model even if the
proportional hazards assumption associated with the variable /ighttime is violated.
Multicollinearity was assessed by calculating variance inflation factors (VIF) from linear
regressions of each physical activity variable onto all the other covariates.

Data were analyzed using Stata MP Version 14.0 (StataCorp, College Station, Texas). Two-
year examination weights were divided in half because two waves of NHANES were pooled,
and strata and primary sampling units were used to account for complex survey
characteristics, as recommended by NHANES (21). All tests were two-sided with
significance set at alpha=0.05.

Conventional model fit statistics such as Akaike’s Information Criterion (AIC) and the
Bayesian Information Criterion (BIC) do not pertain to models that use survey design-based
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estimation (13). Approximate comparisons of model fit were developed as follows (13):
First, sampling weights were rescaled to sum to the sample size, rather than the population
size. Then all models were re-run with the rescaled weights and with additional covariates
representing strata and primary sampling units to obtain maximum-likelihood (rather than
design-based) parameter and variance estimates. AIC, BIC, and likelihood were obtained
from these maximum-likelihood models and assigned to their corresponding design-based
models.

INFORMED CONSENT STATEMENT

RESULTS

This study involved analysis of publicly available secondary data only. NHANES operates
under the approval of the National Center for Health Statistics Research Ethics Review
Board, Protocols #98-12, #2005-06, and #2011-17.

Descriptive statistics of the analytic sample, weighted to be representative of the U.S.
population ages 50-79 in years 2003-2006 and stratified by tertiles of total activity volume
(counts) accumulated during an average day, are shown in Table 1. The prevalence of
diabetes was 14.6% and the prevalence of mobility limitation was 16.0%. Those with the
lowest daily volume of total activity were significantly older and had higher prevalence of
chronic disease than those with more total activity counts (P-for trends <0.001). The
majority of total activity volume in all activity tertiles was accumulated through light
activity. Those in higher tertiles of total activity accumulated more MVPA minutes per day
(P-for trends <0.001); however, in all tertiles, less than 3% of wear-time consisted of MVPA.
A comparison of the analytic sample to the full age-matched NHANES sample (see Table,
Supplemental Digital Content 1, which shows descriptive statistics for all NHANES
2003-2006 subjects aged 50-79 years) shows that those lacking valid physical activity had
similar baseline characteristics as those in the analytic sample.

There were 387 deaths in 19,757 person-years at risk, corresponding to a crude, unweighted
death rate of 1.96 deaths per 100 person-years. Mean follow-up time was 6.5 years, with a
maximum of 8 years, 11 months. The oldest observed age at death was 88 years, 10 months.
Causes of death were provided based on the three leading characters in ICD-10 codes. The
most common causes of death in the NHANES sample were malignant neoplasms (116
deaths), a residual category (107 deaths), and diseases of the heart (85 deaths).

In unadjusted models, those in higher tertiles of total activity volume and light activity
volume had a reduced mortality risk compared to those in lower tertiles (log-rank test
P<0.001). Figure 1 shows the proportions surviving over time, by total activity tertile and
light activity tertile. This figure shows that for both total activity (top panel) and light
activity (bottom panel), individuals in Tertile 1 — that is, those with the least total or light
activity — were much less likely to survive a given length of time than those in the other two
tertiles, while the differences in survival between tertiles 2 and 3 were much smaller. The
same pattern appears when comparing individuals by tertile of MVPA (see Figure,

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 July O1.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Fishman et al.

Page 7

Supplemental Digital Content 2, which show Kaplan-Meier survival curves by tertile of
MVPA).

Table 2 (top panel) shows the association between total activity counts (in tertiles) and
mortality in minimally and fully adjusted models. Those in tertiles 2 and 3 had significantly
lower mortality rates than those in the tertile with the least total activity. The covariate-
adjusted differences in mortality between those in the tertile with the least activity and those
in the next-least-active tertile were quite large: those in Tertile 2 had about a third of the
hazard of death of those in Tertile 1. The same pattern of results held in the minimally
adjusted models (Model A) as well as in the models that excluded those with mobility
limitations or chronic diseases at baseline (Model C). As reflected in the Kaplan-Meier
curves shown in Figure 1, the largest survival gain is associated with the difference between
the least-active tertile and the second tertile; survival differences between Tertile 2 and
Tertile 3 were smaller in magnitude and not statistically significant.

The second panel of Table 2 shows the relation between light activity volume and mortality,
holding constant the full set of covariates, including minutes of MVPA. Again, those in
Tertiles 2 and 3 had lower mortality hazards than those in the lowest-activity tertile. Those in
Tertile 3 did not consistently survive longer than those in Tertile 2.

The bottom panel of Table 2 shows the relation between MVPA and mortality. Again, those
in higher-activity tertiles had large survival advantages over those with the least MVPA. A
comparison of the top and middle panels to the bottom panel shows that the magnitude of
the survival advantage among those in the second and third tertiles of MVPA is similar to
those in the second and third tertiles of light activity. An examination of variance inflation
factors for the physical activity variables indicates that multicollinearity did not seriously
affect the results shown in Table 2 (see Table, Supplemental Digital Content 3, which shows
VIF for physical activity variables).

Maximum-likelihood analogs to the survey design-based models shown in Table 2 were used
to assess model fit (see Table, Supplemental Digital Content 4, which shows model fit
statistics). The differences between Models A and B were small; however, for total activity,
light activity, and MVPA, Model B consistently had a somewhat higher log-likelihood and
somewhat lower AIC and BIC than Model A, indicating a better fitting model. Model C had
higher log-likelihood values and much lower AIC and BIC, indicating that excluding
individuals who had mobility limitations or chronic conditions at baseline improved the fit
of the model.

Table 3 shows the hazard ratios in the isotemporal substitution models of physical activity
intensity time. The interaction between time and minutes of light activity was significant at
alpha=0.05, meaning the theoretical effects of replacing sedentary minutes with light-
activity minutes changed over the course of the follow-up period. Holding constant the full
set of covariates (Model B), daily replacement of 10 minutes of sedentary time with a 10
minute increase in light activity time was associated with an 8% reduction in mortality risk
after one year of follow-up (HR =0.92, 95% CI: 0.90, 0.95; top panel, Model B, linear
combination of coefficients on light activity and interaction term). For comparison, replacing
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10 minutes of sedentary time with 10 minutes of MVPA was associated with a 21%
reduction in mortality risk (HR = 0.79, 95% CI: 0.63, 0.99, top panel, Model B); however,
the difference between light activity and MVPA as replacements for sedentary time was not
statistically significant (£=0.197).

The lower panel of Table 3 shows that replacing 10 daily minutes of MVPA with 10 minutes
of light activity was associated with a 17% increase in mortality risk after one year of
follow-up (HR = 1.17, 95% CI: 0.93, 1.45; lower panel, Model B, linear combination of
coefficients on light activity and interaction term). However, in contrast to physical activity
variables in other models, physical activity variables in models of replacement of MVPA had
a high degree of multicollinearity (see Table, Supplemental Digital Content 3, which shows
variance inflation factors for all models), because MVPA comprised such a small portion of
the average day (Table 1). The high degree of multicollinearity is reflected in the wide
confidence intervals in the lower panel of Table 3.

A comparison of Model A to Model B within each panel in Table 3 shows that the
association between light activity and mortality changed minimally with the inclusion of
health-related covariates such as BMI and the presence of comorbid conditions. The results
were also similar when those with mobility limitations or chronic diseases at baseline were
excluded (Model C). A hazard ratio of greater than 1 for the interaction between follow-up
time and minutes of light activity indicates that the positive effects of replacing sedentary
minutes with light-activity minutes declined over time. Log likelihood, AIC, and BIC (see
Table, Supplemental Digital Content 4, which shows model fit statistics) all show the same
patterns they did with the activity-tertile models: a slight improvement in fit from Model A
to Model B, and the best fit with Model C.

Figure 2 shows the relative reduction in mortality risk associated with replacing sedentary
time with light activity time. Hazard ratios and their confidence intervals are plotted over the
follow-up period from baseline to 9 years, for replacements of 10, 30, and 60 minutes of
sedentary time with light activity time. The hazard ratio of 1 represents the population
baseline hazard (i.e., no change in activity). From that point there was a graded decline in
mortality risk due to replacing sedentary time with progressively more minutes of light
activity. For example, replacing 30 minutes of daily sedentary time with 30 minutes of light
activity time (dashed lines) was associated with a 20% reduction in mortality risk after 5
years of follow-up (HR = 0.80, 95% CI: 0.75, 0.85), while replacing 60 minutes of daily
sedentary time with 60 minutes of light activity (dotted lines) was associated with a 39%
reduction in mortality risk after 5 years of follow-up (HR = 0.61, 95% CI: 0.53, 0.70). The
positive slope of each curve implies that over time, the positive effect of replacing sedentary
minutes with light activity minutes on mortality risk diminishes. However, the mortality
benefits persist throughout the duration of follow-up, and after 9 years of follow-up, the
hazard ratio remained below 1.

In a sensitivity analysis, all survival models were stratified by sex. Sex-stratified results were
similar to results for men and women combined. Greater volumes of total and light activity
and MVPA were associated with longer survival. The theoretical replacement of 30 minutes
of sedentary time with 30 minutes of light activity time was associated with reduced
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mortality after 5 years of follow-up (HR=0.74, 95% CI: 0.66, 0.84 for females; HR=0.84,
95% CI: 0.77, 0.92 for males), and these beneficial associations declined somewhat over
time.

DISCUSSION

This study shows that a greater volume (counts) of total activity is associated with lower
mortality, and greater light activity is also associated with lower mortality independent of
MVPA. It also reinforces prior research showing that greater MVPA is independently
associated with lower mortality. The study shows that replacing minutes of sedentary time
with minutes of light activity or MVPA is associated with lower mortality.

Three previous studies used NHANES accelerometry data to assess the relation between
sedentary time and mortality (2, 11, 27), and all found that greater sedentary time was
associated with higher mortality risk, independently of MVPA. However, because of a short
follow-up period (through 2006 only), the results of these studies could be due to reverse
causality, whereby individuals who were already sick and dying at the time of the NHANES
observation were more likely than others to have long durations of sedentary time. Our study
contributes to the literature by showing via a theoretical model that the protective effects of
replacing sedentary time with higher-intensity activity endured almost nine years after
physical activity was measured. The long follow-up period in our study, along with
obtaining similar results when subjects with mobility limitations or chronic diseases at
baseline were excluded, reduces the probability that reverse causality explains our results
and demonstrates the long-term predictive power of physical activity for mortality. The other
contribution of this study is showing that greater total activity volume, regardless of time
spent in any particular intensity, is a strong predictor of mortality over a long follow-up
period.

Our results show that as a substitute for sedentary time, light activity would be associated
with a smaller mortality decline than MVPA. However, this result was not statistically
significant in all models (see top panel of Table 3); furthermore, it is likely that more people
are able to replace sedentary time with light activity than are able to replace sedentary time
with MVPA. Thus the population attributable effect of exchanging sedentary time for light
activity time could be substantial not only for mortality but also for the morbidity and
disability that underlies increased risk of death. This latter effect may be particularly
important for the older population, who spend much of the day sedentary with limited
MVPA. It may be realistic to encourage adults to replace some sedentary time with light
activity, rather than focusing solely on increasing MVPA (26). Randomized clinical trials
involving exercise regimens show that long-term adherence is often difficult (30), and older
adults face additional barriers to maintaining exercise regimens (3). Therefore, for older
adults, light activity is most often the alternative to sedentary behavior (23).

One recent substitution analysis on a longitudinal cohort of Australian adults aged 45 and
older reported benefits of replacing sedentary time with walking and MVPA, though time
spent in different activities was self-reported (31). Our results are also consistent with a large
(n>200,000) prospective cohort study in the United States finding that self-reported
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sedentary time is positively associated with mortality, independent of MVPA (15). A
systematic review of studies based on self-reported physical activity found that the largest
survival benefit was associated with moving from no activity/sedentary to low levels of
activity (40); our results buttress this claim by showing that the survival differences between
those in Tertile 1 and those in higher-activity tertiles were larger than the survival differences
between Tertiles 2 and 3. Consistent with our findings, the results of past studies suggest that
physical activity did not have to be vigorous to be beneficial for older adults (40).

Several limitations must be noted. Most importantly, as an observational study, it is subject
to unmeasured confounding. It is possible that, for unmeasured reasons, the same individuals
who tend to engage in low levels of light activity are at high risk of mortality. However, the
fact that HR estimates did not change meaningfully upon adjustment for health-related
covariates in the regression model, including the presence of a number of chronic diseases
(Tables 2 and 3), reduces the probability that unmeasured confounding explains the result.

Two limitations are associated with categorizing time into postural or intensity categories.
Sedentary behavior is usually defined by a sitting posture, but the accelerometry data do not
capture posture; thus, standing could be misclassified as sedentary behavior (10, 15). If
standing is protective against mortality relative to sitting, as one large longitudinally study
has recently shown (31), then this limitation of accelerometry suggests that our results
understate the true benefit of shifting from sedentary to light activity. Second, our
categorization of activity based on specific cut-points is consistent with most accelerometer-
based studies of physical activity (25) and facilitates comparison with past studies. However,
estimates of time spent in different intensity categories are highly sensitive to selected cut-
points, and recent research suggests that appropriate cut-points for moderate and vigorous
activity may depend on age and cardiorespiratory fitness (18, 24, 32, 38). By limiting the
sample to older adults, our study limits the sensitivity of results to specific cut-points (28).
Furthermore, the similarity of our study’s results using total activity, which does not depend
on cut-points in accelerometer counts, to the results using light activity (Figure 1 and Table
2) suggests that the study results are not sensitive to the choice of cut-points to classify
activity intensity.

Strengths of the study include the nationally representative sample, objectively measured
activity data, the prospective cohort design, and the ability to follow the cohort for almost
nine years for mortality and measure time to death in months. Additionally, we explicitly
model the changes in mortality associated with engaging in more light activity at the
“expense” of either time spent in sedentary behavior or MVPA, and we show that the role of
light activity depends on what type of activity it displaces.

In conclusion, our results support the importance of light-intensity physical activities among
adults aged 50 to 79 and reinforce prior findings linking greater MVPA with lower mortality.
Future public health recommendations may need to emphasize the health benefits of light
activity in comparison to sedentary behavior, without downplaying the protective value of
MVPA.
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Figure 1.
Kaplan-Meier curve by tertile of total activity counts (top panel) and tertile of light activity

counts (bottom panel), National Health and Nutrition Examination Survey, 2003-2006.
Subjects aged 50-79 at baseline; mortality follow-up through 2011 (n=3,029). T1=Tertile 1
(fewest activity counts), T2=Tertile 2, T3=Tertile 3 (most activity). Embedded tables show
number of subjects at risk at specific points: 1, 3, 5, 7, and 9 years of follow-up, and number
of deaths occurring in the intervals between these points. Values in embedded tables are
unweighted.
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Figure 2.
Hazards of death, relative to baseline activity levels, associated with replacing minutes of

sedentary time with minutes of light activity.

National Health and Nutrition Examination Survey, 2003-2006. Subjects aged 50 to 79 (last
birthday) at baseline; mortality follow-up through 2011 (n=3,029). Figure 2 is based on a
Cox proportional hazards model of time to death as a function of minutes of light activity,
adjusted for total minutes of device wear-time, minutes of moderate-to-vigorous physical
activity, and for baseline age, sex, race/ethnicity, education, smoking, body mass index,
mobility limitations, and prevalent chronic disease (congestive heart failure, coronary heart
disease, diabetes, stroke, cancer). Solid lines: Replacement of 10 minutes daily of sedentary
time with light activity; Dashed lines: Replacement of 30 minutes daily; Dotted lines: 60
minutes. Black lines: Point estimates; Gray areas: 95% confidence interval.
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Table 1

Baseline Means (SDs) or Percentages in Analytic Sample: Full Sample and by Tertile of Total Activity
Counts. National Health and Nutrition Examination Survey, United States, 2003-2006.

Overall T?[teig;% Tertile 2 T?r,\}litl)est:)g P for
trend
(n=3,029) (n=1,011) (n=1,009) (n=1,009)
Sociodemographic characteristics
Age (years) 61.3(8.4) 65.9 (9.0) 61.1(8.2) 58.1(6.4) <.001
Female (%) 53.4% 54.5% 53.0% 53.0% 0.486
White (%) 79.5% 79.4% 79.5% 79.7%  0.869
Black (%) 9.4% 11.8% 8.5% 8.5% 0.011
Hispanic (%) 6.6% 4.4% 6.1% 8.7% <.001
< HS education (%) 9.4% 14.2% 8.3% 6.7%  0.028
> HS education (%) 26.7% 21.7% 28.7% 28.8%  0.027
Health behaviors and prevalent conditions
Current smoker (%) 18.5% 22.6% 18.3% 15.6%  0.006
BMI (kg/m?) 29.0(6.2) 30.6 (7.5) 29.3(6.2) 27.6 (4.8) <.001
Diabetes (%) 14.6% 26.1% 13.5% 6.8% <.001
CHD (%) 7.3% 13.7% 6.4% 32% <.001
CHF (%) 4.8% 11.2% 2.7% 1.8% <.001
Stroke (%) 4.5% 9.5% 2.9% 21% <.001
Cancer (%) 15.5% 21.4% 13.7% 127%  <.001
Mobility lim. (%) 16.0% 29.6% 15.5% 6.1% <.001
Daily physical activity
Sedentary minutes 533 (138) 616 (148) 538 (112) 467 (118)  <.001
Light minutes 322 (99) 220 (69) 321 (53) 401 (75) <.001
MVPA minutes 16 (18) 3(3) 11.(7) 30(20) <.001
Valid minutes of wear time 871 (121) 839 (138) 869 (111) 898 (111) <.001
Counts from Sed. (thousands) 82122 7.8 (2.4) 8.5(2.1) 8.2(1.9) 0.011
Counts from Light (thousands) 167.8 (73.2) 88.6 (31.9) 159.8(26.5) 235.1(56.4) <.001
Counts from MVPA (thousands) 47.8 (62.3) 8.3(104) 29.8(23.7) 93.7(73.77) <.001
Total counts (thousands) 223.8 (113.9) 104.7(35.1) 198.2(27.8) 337.0(88.3) <.001

Abbreviations: SD, standard deviation; T, Tertile; HS, High School; BMI, Body Mass Index; CHD, Coronary Heart Disease; CHF, Congestive
Heart Failure; Sedentary, <100 counts per minute; MVPA, Moderate-to-vigorous physical activity (>2,019 counts per minute); Minutes, minutes
per day.

Mobility lim. = any difficulty walking 1/4 mile or walking up ten steps.

Means, percentages, and SDs are survey-weighted.

Minimum and maximum total daily counts, by sex and tertile:

Males: Tertile 1, (14,665, 160,580); Tertile 2, (160,590, 260,860); Tertile 3, (261,710, 877,750).

Females: Tertile 1, (20,173, 148,250); Tertile 2, (148,380, 225,170); Tertile 3, (225,500, 913,000).

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 July O1.



Page 17

Fishman et al.

*010z st Aiuenb sty yew sisoyiodAy [pnu oy pim TLg — €Lg uoneurquiod Iedur| ay) Jo 159)-1 e Sursn payndurod are SOOULIIP J0J SON[eA-d
‘paySomun pue pajsnfpeun aIe SUWN[OD SIBAX -UOSId] PUB SYILp N

‘SANVHN Jo sonsuaoereyd Aoains xodwoos pue syysrom Surduwres ayerodioour s[OPoIA “($ [=U) sulaseq Je suonelui] AJI[Iqow Io (1oued
pue ‘Oyoxs ‘AIn[Iej JIeay 2ANSITU0D ASEISIP 1LY AIBUOIOD ‘SAJOGRIP) SISSAU[[T OTUOIYD JU[eAId [IIM 350U} SIPNOX (D) [OPOIAl “UoneIWI] AJ[IQOW PUE ‘IOJUBD ‘YOS ‘IN[Ie) 11eay JANSITUOD ‘ASBISIP
11e9Y AIRUO0I0D ‘sajaqeIp JOo douasaid ay) pue ‘Sunjows ANE\MEV Xopur ssew AP0oq 10§ SOJRLIBAOD PpPe g S[OPOJA] ‘OWN-IBIM 9JTAIP JO SAYNUIL ‘UOTELINP ‘AJIOIUYIS/AIBI *Xas ‘a5e auraseq 10 Isnlpe y S[OPOJA

“(620°¢=U) 110 y3nomy dn-mofjoy Kyjerow durjaseq Je (Kepyuiq 1se)) 6. 03 0§ pase s1alqng

gnurw 1ad s3unod 610°7< 'VAAIN "610°2-001 amnurwr 1od sjunod :Kyanoe Jysry

$90°0 2800 1¥0°0 (T 2IMIRY, - € S[IHRL) RURIYIP 10§ AN[eA-d

[87°001°01 TT0 [Lp0's10]  LTO [SE0TI0l  0TO  8L89 0 €

[0g'0'0c0]1 6v'0 [190°C€0l  +¥0 [1$0°9T0] 9¢0  STLO 6 z

[REXI! I [REXI! I [REXI! I SS1°9 (574 (30 1
VAAIN J0 9[1I3],

805°0 YLEO €2€°0 (T 3R], - € S[NIRL) ULIIP 10§ AN[eA-g

[98°0°6c0l  Lv'0  [9¥°0°L1'0]  8TO [9€0¥I0l  TTO 0S89 99 €

[6900c0l  L£0 [6v°0'LT0]  LEO [6£0TT0l 620 1TL9 88 z

[Jo4] I [Jo4] I [Jo4] I 981°9 lax (PN 1

A1AndY 1S Jo J[uIay,

0Ey'0 600 €900 (T 99, - € S[NIAL) AOULISIIP I0] AN[eA-]
[zo0'v10l  0c0 [8c0Trol 120 [0€0°'600] 910 1689 o €
lococeol 6€0 [vro0c0l  9¢0 [LE0cT0l 670 6L 06 4
[3ul] 1 [30dl] 1 [30ul] 1 811°9 16¢ (PD 1

ANABOY [BJOL JO (I3,

[I0owse]l dH [10%se]l dH [10%s6] dH  (pesnipeun  (peisnipeun)
O PPON g PPOIN Y PPOIN peAlT Ad syreed N

ANRUIOIA PUB ‘s]UNo)) VdAIA ‘Siuno)) A11anoy y3r ‘sjuno)) A11ANOY [B10], U33mM19q UOHJRIIOSSY
¢ dqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 July O1.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fishman et al. Page 18

Table 3

Association between Minutes of Light Activity and Mortality: Isotemporal Substitution Models.

Model A Model B Model C
HR 95% ClI HR 95% ClI HR 95% ClI

Replacing 10 Sedentary Minutes
Light Minutes 0.90 [0.88,0.93] 092 [0.89,0.94] 0.91 [0.86,0.96]
Interaction: (Light Minutes)*(years) 1.01 [1.01,1.02] 1.01 [1.00,1.01] 1.01 [1.00,1.03]

MVPA Minutes 0.73  [0.57,094] 0.79 [0.63,0.99] 0.70 [0.57,0.85]
P for difference (Light - MVPA) 0.098 0.197 0.012
Replacing 10 MVPA minutes
Light Minutes 1.23  [0.96,1.58] 1.15 [0.92,1.44] 130 [1.06,1.59]
Interaction: (Light Minutes)*(Years) 1.01 [1.01,1.02] 1.01 [1.00,1.01] 1.01 [1.00,1.03]
Sedentary Minutes 1.36 [1.06,1.75] 1.26 [1.01,1.58] 1.43 [1.17,1.74]
P for difference (Light - Sedentary) <0.001 <0.001 <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; Light, Light activity (counts per minute 100-2,019), MVPA, moderate to vigorous
physical activity (counts per minute > 2,019).

Subjects aged 50 to 79 (last birthday) at baseline; mortality follow-up through 2011 (n=3,029).

Models (A) adjust for baseline age, sex, race/ethnicity, education, and minutes of device wear-time. Models (B) additionally adjust for body mass

index (kg/mz), smoking, and the presence of diabetes, coronary heart disease, congestive heart failure, stroke, cancer, and mobility limitation.
Model (C) excludes those with prevalent chronic illnesses (diabetes, coronary heart disease, congestive heart failure, stroke, and cancer) or mobility
limitations at baseline (n=1,424). Models incorporate sampling weights and complex survey characteristics of NHANES.

P-Values for differences are computed using a t-test of the linear combination ﬂLight— PMVPA or /)’L,’gb[— fSed with the null hypothesis that this

quantity is zero.
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