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Evolution of Modern Accelerometry Research 
in Aging

Physical activity has consistently been associated with health ben-
efits, including for older adults (1). As technology has evolved, phys-
ical activity research has begun to include more objective measures 
of physical activity and function (2). As a result, the literature has 
recorded an explosion in the use of accelerometers, small, wearable 
devices that continuously assess movement in at least three dimen-
sions. A PubMed search for research studies using accelerometers in 
older adults shows a rapid increase over the past 20 years, with an 
average of about two articles per year in the 1990s and 112 articles 
in 2017 (Figure 1).

Because accelerometer-based technology is still fairly new, the 
majority of aging research studies have been cross-sectional or 
focused on shorter duration interventions, but as follow-up time 
increases, we have begun to see longitudinal and intervention studies 
with longer durations related to aging-related conditions. However, 
with new technology and opportunity comes new challenges, as 
discussed by recent reviews (3,4). In this short communication, we 
highlight how current research is addressing these challenges and 
future directions in accelerometer research among older adults.

New Technology, New Opportunities, and New 
Challenges

Physical Activity Assessment Among Older Adults
Physical activity assessment among older adults faces unique chal-
lenges compared with assessment in younger adults (4). For instance, 
older adults have a wider range of activity, from very active to quite 
inactive, with key differences in both the type and the intensity of 
activities. Unlike younger populations, older populations with low 
activity often have diminished physiological capacity or multimorbid-
ity. These factors present important differences for researchers using 
accelerometers in older study populations, as these differences must be 
accounted for in the analyses to avoid substantial threats to validity.

Moving Beyond a Single Physical Activity Metric
The majority of physical activity research has centered around sum-
marizing activity into a few simple metrics: the minutes of moderate- 
to vigorous-intensity physical activity per day or week and, more 
recently, sedentary time (1,5,6). Accelerometers provide an oppor-
tunity, with minimal additional participant burden, to examine phys-
ical activity beyond these simple metrics. In this issue, researchers 
used accelerometers to examine physical activity patterns, looking 
closely at “how” physical activity is accrued over the course of the 
day (7,8), gait and balance (9), and how the mechanical forces of 
activity such as vertical impacts experienced during activity (10,11).

Accelerometers assess activity continuously, providing not only 
the activity volume but also a time stamp, allowing for the cal-
culation of a rate of activity accrual. Surprisingly, in most older 
nonworking populations, activity appears diurnal with a peak in 
activity in mid-morning and a gradual decline in activity in late 
afternoon. This has led to a body of literature examining the shape 
of activity patterns and how they differ by age and health status 
(12). Building on this, Huisingh-Scheetz and colleagues looked 
at the association of hourly activity levels and frailty (7) and 
Wanigatunga and colleagues investigated activity and perceived 
fatigability (8). Although several studies have shown that total vol-
ume of activity is lower among those who are older, more frail, 
or have chronic health conditions, the timing of when activity is 
accrued may provide additional information that may identify 
modifiable targets for intervention. Investigators therefore describe 
not only the differences in activity volume but also when the activ-
ity occurs. Wanigatunga and colleagues looked at physical activ-
ity and perceived fatigability and observed that those with greater 
fatigability tended to reduce their activity earlier in the day (8). 
Moreover, a relatively small change in fatigability was reflected in 
significant differences in daily activity volume and patterns. Further 
research is needed to include within- and between-day variability. 
The strongest utility may be to use these patterns as part of a cir-
cadian rhythm assessment or to establish individualized activity 
prescriptions based on accelerometry.

mailto:eric.shiroma@nih.gov?subject=


Focusing on Aging Outcomes
Gait and balance are established, important markers of healthy 
aging, particularly as determinants of physical activity and phys-
ical and cognitive functioning (13–16). Using accelerometers and 
gyroscopes, researchers can assess not only detailed physical activity 
measures but also gait and balance with minimal additional bur-
den (17). Dawe and colleagues used a wrist-worn accelerometer and 
an accelerometer/gyroscope device on the lower back to objectively 
assess physical activity, gait, and balance, in one of the first studies to 
characterize the interdependent associations (9). The authors found 
that gait and balance account for up to 16% of the variability in 
total physical activity levels, highlighting the importance of viewing 
physical activity among older adults as beyond a simple “exercise 
more” recommendation.

Expanding on previous literature showing that vertical impact 
(the force applied in the upward or downward direction due to activ-
ity) is positively associated with bone mineral density (18,19), two 
studies, one by Hartley and colleagues and the other by Elhakeem 
and colleagues, used a hip-worn accelerometer to measure vertical 
impacts over 7  days among community-dwelling older women to 
examine the association of vertical impact intensity with sarcope-
nia and body composition (10,11). Both Elhakeem and colleagues 
and Hartley and colleagues observed that high-intensity impacts, 
but not lower- or moderate-intensity impacts, were associated with 
sarcopenia and body composition (10,11). Measuring impacts in a 
free-living environment during usual activities may provide a more 
complete picture of a participants’ activity than a laboratory-based 
physical function test such as jumping force. Studies such as these are 
integral in determining how physical activity affects various aging-
specific outcomes in both free-living environments and intervention 
studies, as well as prove that accelerometry can be used for transla-
tional studies of function.

Relative Versus Absolute Cut points for Older People
Accelerometers assess movement, but as currently configured, they 
are unable to measure the amount of effort or energy needed to per-
form specific movements. In this issue, researchers explore how to 
translate accelerometer output into metrics of physical activity inten-
sity that are appropriate for older populations (20,21). As part of 
the LIFE study, a physical activity intervention of 1,635 older adults, 
Rejeski and colleagues examined the ability of several standard 

accelerometer moderate-to-vigorous activity thresholds to identify 
changes in activity level (20). Although several studies have shown 
that accelerometer thresholds for adults may not be applicable in 
older adults, the LIFE study provides an opportunity to look at 
changes in activity thresholds over time by intervention status (eg, 
structured physical activity vs. health education) and to assess the 
appropriateness of thresholds in this context. Rejeski and colleagues 
also furthered the conversation by looking at differences by physical 
function status, showing that among participants with low phys-
ical function, accelerometers may not be solely sufficient to detect 
changes in activity level (20).

Using a combined heart rate and accelerometer device, Schrack 
and colleagues compared relative versus absolute intensity of daily 
physical activity in 440 older adults participating in the Baltimore 
Longitudinal Study of Aging (21). Using traditional absolute intensity 
thresholds, older adults registered lower levels of daily activity and 
more sedentary time. However, using individualized relative inten-
sity thresholds as defined by heart rate reserve, the results reversed, 
with older adults spending more time each day engaged in moder-
ate- to vigorous-intensity activities. These findings suggest that the 
amount of time spent in higher-intensity activities may not be lower 
with age after considering changes in physiologic reserve, functional 
ability, and subclinical disease burden, and further emphasize the 
need for careful consideration of application of universal accelerom-
eter thresholds to older populations.

Future Directions

Physical activity and aging research will continue to advance with 
the increased use of accelerometers, but we wish to highlight two 
challenges and opportunities: (i) expanding usage in clinical and 
intervention studies and (ii) identifying which of the new activity 
metrics or combination of metrics are relevant to predicting health 
outcomes in older adults. Building on the existing clinical and inter-
vention studies such as the LIFE study, the expansion of acceler-
ometer deployment within clinical and intervention populations will 
allow researchers to quantify and monitor changes in activity (or 
its characteristics) with greater precision over time. If this change is 
associated with longitudinal clinical outcomes, it will provide evi-
dence to treat changes in objectively measured activity as a surrogate 
marker and end point in its own for future studies. Thus, accelerom-
etry is also a translational tool, ranging from measurement of move-
ment to physiological intermediates such as impact force.

Accelerometers provide the opportunity to push past evaluating 
physical activity through a single metric; however, researchers now 
face the challenge of identifying which physical activity character-
istics and patterns are most important to aging-related outcomes, 
obtained through longitudinal health data. This is not meant to dis-
count the importance of other activity assessment methods, such as 
questionnaires, but more to leverage the complementary potential 
of using multiple assessment methods to understand the underlying 
biological relationship of activity and healthy aging. We encourage 
researchers also to examine a combination of activity metrics from 
multiple sources to more fully characterize individuals and identify 
potential intervention targets for increasing activity.
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