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Abstract

Introduction—Latent class analysis provides a method for understanding patterns of physical
activity and sedentary behavior. This study explored the association of accelerometer-assessed
patterns of physical activity/sedentary behavior with all-cause mortality.

Methods—The sample included 4,510 U.S. National Health and Nutrition Examination Survey
participants aged = 40 years enrolled in 2003-2006 with mortality follow-up through 2011.
Participants wore a hip-worn accelerometer for 1 week that provided minute-by-minute
information on physical activity/sedentary behavior. Accelerometry patterns were derived using
latent class analysis. Cox proportional hazards models provided adjusted hazard ratios with 95%
Cls. Analyses were conducted from 2014 to 2016.

Results—During an average of 6.6 years of follow-up, 513 deaths occurred. For average counts/
minute, the more-active classes had a lower risk of mortality compared with the lowest Class 1.
Findings were generally similar for percentage of the day in minutes and bouts of moderate to
vigorous physical activity, defined two ways. For percentage of the day in sedentary behavior,
generally no associations were identified. However, the class with the highest percentage of the
day in sedentary bouts (Class 1) had a higher risk of mortality (adjusted hazard ratio, 2.10; 95%
Cl=1.11, 3.97) versus the class with fewer sedentary bouts (Class 7).

Conclusions—In this national observational study, time spent in more physical activity reduced
the risk of all-cause mortality and time spent in more sedentary bouts increased the risk of all-
cause mortality, regardless of how both was accumulated. The latent class analysis contributed to
understanding the impact of patterning of physical activity/sedentary behavior on mortality.
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INTRODUCTION

Accelerometry has emerged as a useful tool to assess detailed information about physical
activity and sedentary behavior in epidemiologic studies.> Adults typically wear
accelerometers for 1 week and the device records accelerations in one or multiple planes of
movement for each length or epoch of time. From this recording, calibration studies provide
translational cut points to interpret the intensity level for each epoch. Typically, epochs are
classified into sedentary behavior, and light, moderate, or vigorous activity, and the weekly
sum provides number of total minutes in each intensity. Although this grouping of duration
is useful, it ignores potential differences in the patterns of accumulated sedentary behavior
and physical activity over time.

Latent class analysis (LCA) has emerged as a method, when applied to accelerometry, to
understand how physical activity and sedentary behavior are patterned over a week. Patterns
could be explored within or across days. LCA assumes participants belong to one of several
mutually exclusive classes, derived through statistical modeling. The pattern of conditional
probabilities that indicate the chance that a variable takes on certain values comprises the
class.

In 2008, an initial application of this method was applied to accelerometry to derive classes
for day-to-day moderate to vigorous physical activity (MVPA)? and the authors
subsequently found inverse associations with lower MVPA associated with metabolic
syndrome risk factors.3 In this example, participants were grouped based on their observed
daily MVPA into different types of patterns or latent classes. Following this work, latent
classes for sedentary behavior and MVPA, as well as an indicator of average intensity of
physical activity, were developed among a national sample of adults.? Distinct day-to-day
patterns emerged that varied by age, race/ethnicity, gender, and other factors.*® For
example, the weekend warrior pattern of lower MVPA on the weekdays and higher MVPA
on the weekends was more frequent among men, younger ages, and non-Hispanics
compared with other race/ethnic groups.

A search of the literature suggests that studies exploring the association of accelerometry on
mortality primarily focus on the accumulated time spent in various intensity levels, but not
on the day-to-day patterning.® It may be that the way physical activity/sedentary behavior is
accumulated each day impacts mortality that would not be observed by using summary
measures of total time in physical activity/sedentary behavior alone. Using data from a
national study among adults aged = 40 years, this study explored accelerometry-assessed
day-to-day patterns of physical activity and sedentary behavior with all-cause mortality.

METHODS

Data Sources

The study was approved by the University of North Carolina IRB and National Health and
Nutrition Examination Survey (NHANES) participants provided written informed consent.’
The data used in this study were collected in 2003-2006, the most recently available
accelerometer data, and analyses were conducted from 2014 to 2016. The 2003-2006
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NHANES data were linked to the National Death Index by the National Center for Health
Statistics. All-cause mortality was defined as any cause of death, except for deaths related to
external causes (ICD-10 VV01-Y89). Participants who died of external causes were censored
on their death day. Follow-up was calculated as the interval between the NHANES
examination date and either the death date, censor date, or December 31, 2011, whichever
occurred first.

This section includes a description of the accelerometry measures, with other study
measures described in the Appendix. Those who participated in the physical activity monitor
examination were asked to wear the ActiGraph accelerometer (AM7164) on their hip for 1
week during waking hours and not during water-based activities. Beginning at midnight on
the day following the clinic visit, the accelerometer recorded 1-minute epochs of analog
acceleration and were converted to a digital signal.8

For the accelerometer readings, non-wear was defined by an interval of = 90 consecutive
minutes of zero counts/minute, with allowance of up to 2 minutes of nonzero counts if no
counts were detected during both the 30 minutes upstream and downstream from that
interval.® Any nonzero counts (except the allowed short intervals) were considered wear
time. Counts in the non-wear period were set to missing. To be included in the analysis, = 3
adherent days with an adherent day indicating =8 hours of accelerometer wear were
required.

Average counts/minute were used to explore average physical activity intensity. Cut points
originally applied to NHANES, primarily from calibration studies of treadmill walking and
running, were also applied to the accelerometry data.® Vigorous intensity was defined as >
5,999 counts/minute, moderate intensity as 2,020-5,998 counts/minute, and light intensity as
100-2,019 counts/minute. A lower MVPA intensity threshold (MVPA _lifestyle) was
calculated based on studies that incorporated more lifestyle activities, defined as = 760
counts/minute, 1 with light intensity defined between 100-759 counts/minute. Information
on the cut point validity is available elsewhere.12-14 An MV/PA bout was defined as > 10
minutes of consecutive MVPA minutes with allowance for interruptions for up to 20% of the
time below the threshold and <5 consecutive minutes below the threshold. The MVPA bout
had to start and end with MVPA. Sedentary behavior was defined as <100 counts/minute.1>
Sedentary bouts were defined as = 30 minutes with at least 80% of the minutes falling below
the sedentary threshold, allowing for <5 consecutive minutes above the threshold. The
sedentary bout had to start and end with sedentary behavior.

This study used LCA to develop natural groupings of participants who tended to accumulate
their accelerometer-assessed physical activity or sedentary behavior similarly.# The LCA
was performed using MPlus, version 7.11, which allowed for the complex survey design in
conjunction with the modeling. Mixture modeling was applied to describe the relationship
between up to 7 adherent days of accelerometry and the categorical latent variable using a
set of linear regression equations. Owing to the large number of participants with zero for
percentage of MVPA bouts out of total wear time, a zero-inflated negative binomial model
was used for this measure only. Details on the process to make the final selection of classes
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for each variable are described elsewhere.? The derived classes were among participants
who shared similar means, separately calculated for the following variables:

1. counts/minute per day;

2. percentage of MVPA/MVPA _lifestyle out of total wear time/day;

3. percentage of MVPA/MVPA_lifestyle bouts out of total wear time/day;
4. percentage of sedentary behavior out of total wear time/day; and

5. percentage of sedentary bouts out of total wear time/day.

Each participant was assigned to one class for each measure, based on the highest posterior
class membership probability. The final classes for MVVPA and sedentary behavior were
based on relative percentages in order to best account for accelerometer wear time.

Study Sample

The sample was limited to participants aged = 40 years (N=6,355) and excluded those not
eligible for mortality linkage due to being unable to match their NHANES record to the
National Death Index (/7=7). To account for prevalent conditions that might affect physical
activity/sedentary behavior, those who died in the first 2 years of follow-up (7=262) were
excluded. Those who either did not wear the accelerometer (7=792) or who wore the
accelerometer but upon return it was not in calibration (/7=251) or was faulty (i.e., recording
no counts; /7=102) were also excluded. The cohort was further limited by excluding those
who did not provide adherent data (=3 days of accelerometer wear for =8 hours/day over the
week; 7=277). Lastly, those missing self-reported physical activity or any potential
confounder (i.e., age, gender, race/ethnicity, education, marital status, smoking,
employment, needing special equipment to walk, arthritis, cancer, coronary heart disease,
angina, myocardial infarction, stroke, BMI, diabetes, hypertension) in the final models
(m7=154) were excluded, which left a final sample size of 4,510.

Statistical Analysis

This study used SAS, version 9.3 for all analyses, accessed at a National Center for Health
Statistics Research Data Center (www.cdc.gov/rdc/index.htm). Frequencies and means were
calculated using the SURVEYFREQ and SURVEYMEAN procedures, respectively, using
the 4-year sample weights provided by NHANES. Multivariable Cox proportional hazards
models helped assess the association of the accelerometer-derived latent class measures with
mortality.

These models were calculated using PHREG and accounted for all variables that comprised
the weights in every model (age, race/ethnicity, gender).16 A linear test for trend was
calculated by representing the latent class assignments as an ordinal score and obtaining a p-
value for that variable. Although the authors had information on the measurement day of the
week, the order of these days was not known (e.g., one participant might start the 7-day
window on Friday, so that Thursday and Friday data were collected 1 week apart). The latent
class models did not make assumptions about proximity of days of the week, but rather
controlled for day of the week without the assumption that measures fell on adjacent days.
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Four model variations were considered with the latent classes included as categorical
exposure measures that are described in the Appendix. The proportional hazard assumption
was tested using time-dependent covariates.1’

Over an average of 6.6 years of follow-up (median, 6.7; interquartile range, 5.6—-7.8), 513
deaths occurred (11.4%). Overall, 14 deaths were censored owing to external causes
(ICD-10 V01-Y89). The mean age of the sample (=40 years) was 56.5 years, with 53.7%
female, 7.9% Hispanic, 10.1% non-Hispanic black, 77.6% non-Hispanic white, and 4.4%
other. Further descriptive characteristics of the sample and the accelerometer summary
measures are in Table 1. The weighted means/percentages and median time spent in each
intensity for the latent class assignments can be found in Appendix Tables 1 and 2,
respectively. A description of the self-reported physical activity and screen time measures by
latent class are also reported in the Appendix.

The models for each physical activity class measures are presented in Appendix Table 3,
with Model 3 plotted in Figure 1. For average counts/minute, adjustment for accelerometer
wear time (Model 1A) and potential mediators (Model 3) did not meaningfully change
interpretations compared to Model 1. For average counts/minute, the more-active classes
(Class 5: adjusted hazard ratio [AHR]=0.38, 95% CI=0.16, 0.88; Class 3: AHR=0.47, 95%
ClI=0.31, 0.71; Class 2: AHR=0.52, 95% CI=0.41, 0.65) had a lower risk of mortality
compared with the lowest Class 1. No deaths occurred in Class 4 (similar to a “weekend
warrior” type pattern) and 6 (highest weekly average intensity).

For all MVPA/MVPA _lifestyle class assignments (using minutes or bouts), adjustment for
accelerometer wear time (Model 1A), sedentary behavior and light activity (Model 2), and
potential mediators (Model 3) did not meaningfully change interpretations compared to
Model 1. For percentage of the day in MVVPA, the more-active classes had a lower risk of
mortality compared with the class with the lowest average percentage of the day in MVPA
(Class 4: AHR=0.33, 95% CI=0.10, 1.03; Class 2: AHR=0.90, 95% CI=0.63, 1.28). No
deaths occurred in Class 3 (weekend warrior) and 5 (highest weekly MVPA). When further
limiting this exposure to percentage of the day in MVVPA bouts, Class 2, 4, and 5 had a
reduced risk of mortality. For percentage of the day in either MVVPA_lifestyle or
MVPA_lifestyle bouts, the more-active classes had a lower risk of mortality compared with
the class with the lowest average percentage of the day in MVVPA_lifestyle or
MVPA_lifestyle bouts.

The models for sedentary behavior are presented in Appendix Table 3, with Model 3 plotted
in Figure 2. For percentage of the day in sedentary behavior/bouts, adjustment for
accelerometer wear time (Model 1A) did not meaningfully change results from Model 1.
However, adjustment for light activity and MVPA attenuated the results (Model 2), with not
much change with further adjustment for potential mediators (Model 3). For percentage of
the day in sedentary behavior, the most sedentary Class 1 was at a higher risk for mortality
as compared to the least sedentary Class 5 (Model 1 and 1A), which was attenuated to be
non-significant when adjusting for light activity, MVPA, and potential mediators
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(AHR=1.57, 95% CI=0.64, 3.85; Model 3). When focusing on percentage of the day in
sedentary bouts, the most sedentary Class 1 was also at an increased risk for mortality as
compared with the least sedentary Class 7 (Model 1 and 1A), which was attenuated when
adjusting for light activity, MVPA, and potential mediators but remained significant
(AHR=2.10, 95% CI=1.11, 3.97; Model 3).

DISCUSSION

In a national sample of U.S. adults aged = 40 years, this study found that more-active classes
derived from day-to-day accelerometry, indicated by higher levels of average physical
activity intensity or percentage of time in MVPA or MVPA bouts, were associated with a
lower risk of all-cause mortality compared with the least active class. No deaths occurred in
the weekend warrior class (MVPA Class 3). Adults classified in the most sedentary bout
class were at a higher risk of all-cause mortality compared with the least sedentary bout
class.

Many studies document the inverse association between self-reported physical activity and
all-cause mortality.18-24 A rapidly growing literature also supports the association between
self-reported sedentary behavior and all-cause mortality.25-28 However, few studies have
explored the association of physical activity or sedentary behavior with mortality without
relying on self-report. Several of those studies representing unique cohorts are highlighted
next.

In a study of 302 adults aged 70-82 years, Manini et al.2% reported a reduction in all-cause
mortality for higher levels of total energy expenditure as assessed with doubly labeled water.
A limitation of doubly labeled water is that assessment of the contribution of different levels
of intensity is not possible. More recently, Ensurd and colleagues3° reported among men
aged = 71 years an approximately 1.5-times higher risk of all-cause mortality of the lowest
quartile for moderate activity and light activity compared with the most active quartile.
Other studies have reported a higher risk of mortality with lower accelerometer-derived
physical activity among patients with peripheral arterial disease,3! chronic heart failure,32:33
and pacemaker recipients.3* Using the 2003-2006 NHANES cohort among adults aged = 40
years, higher levels of average physical activity intensity, MVPA, and MVPA bouts as
summarized in average duration/day were all associated with a lower risk of all-cause and
cardiovascular mortality.® Other NHANES studies have also reported on these associations,
with some examples referenced.35-37

Building on this work, the latent class patterns derived from accelerometry provided
additional information on how physical activity was accumulated throughout the week and
the associated risk of mortality. For example, no deaths occurred among the group assigned
to the weekend warrior pattern (higher amounts of MVVPA or average physical activity
intensity on the weekends and lower on the weekdays). This supports a prior study in which
men classified as weekend warriors from self-reported questionnaires had a lower risk of all-
cause mortality when compared with sedentary men, particularly among those without major
risk factors.38 Consistently, the highest risk for mortality was found among the group with
the lowest levels of MVVPA Monday through Sunday. Older age, female sex, history of
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chronic disease, and higher BMI were consistently associated with lower odds, and having
better self-rated health and being employed were consistently associated with higher odds of
being assigned into a more active compared with a less active class.®

Previously, using the 2003—2006 NHANES cohort among adults aged > 40 years, sedentary
behavior and bouts as summarized in average duration/day were not generally associated
with a lower risk of all-cause and cardiovascular mortality.® This was not in support of a
prior study previously mentioned of older men.30 However, in the current study, the class
with the highest percentage of time spent in sedentary bouts each day did confer a higher
risk for mortality, even after adjustment for light activity and MVPA. The most sedentary
class comprised 7.3% of the population under study and averaged 82.0% of their day in
sedentary behavior over the week. This class was more likely to be older, have a higher
education, need special equipment to walk, and have at least one of several health conditions
(e.g., morbid obesity, diabetes, cardiovascular disease, cancer, emphysema).®> Although
deaths in the first 2 years of follow-up were excluded, reverse causality may still occur.

The strengths of the study include the national sample, the measurement of physical activity/
sedentary behavior, and the uniqueness of the research question being addressed. The
process to derive latent class assignments from accelerometry are available if others wish to
access them.39 Despite the strengths of this study, several limitations should be highlighted.
First, the accelerometer was worn for 1 week; it is not known if this time period is too short
to reflect long-term patterns. Second, the accelerometer used in this study may undercount
some activities (e.g., bicycling) and miss other activities (e.g., swimming) because of the
requirement to remove it during water-based activities. Third, the LCA models used to
derive the class assignments assumed data were missing at random. This assumption may
not always be true, particularly when the accelerometer is removed for water activities.
Fourth, in some cases, the statistical power was limited owing to the small class size; longer
follow-up time will allow further clarification of these findings. Finally, an assessment of
selection bias indicated some differences between those who were included and those not
included (i.e., did not wear the accelerometer or returned a faulty accelerometer) in the
analysis, as described in the Appendix.

CONCLUSIONS

This study applied LCA to accelerometry and explored day-to-day patterns with mortality.
With generalizability among U.S. adults aged = 40 years, the LCA classified adults into
groups based on physical activity and sedentary behavior that predicted significantly higher
or lower risk for all-cause mortality, even with adjustment for many potential confounders
and mediators. The application of the patterns to the accelerometry data provided additional
insight beyond the traditional approach of focusing on total duration in various intensity
levels over the week. Adults comprising the most sedentary bouts and least physically active
classes identified through LCA were at higher risk of all-cause mortality.

Am J Prev Med. Author manuscript; available in PMC 2018 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Evenson et al.

Page 8

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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