University of Wisconsin Milwaukee

UWM Digital Commons

Theses and Dissertations

August 2016

An Examination of Light Intensity Physical Activity
and Health in Older Adults

Whitney A. Welch

University of Wisconsin-Milwaukee

Follow this and additional works at: https://dc.uwm.edu/etd
b Part of the Kinesiology Commons

Recommended Citation

Welch, Whitney A., "An Examination of Light Intensity Physical Activity and Health in Older Adults" (2016). Theses and Dissertations.
1319.
https://dc.uwm.edu/etd/1319

This Dissertation is brought to you for free and open access by UWM Digital Commons. It has been accepted for inclusion in Theses and Dissertations

by an authorized administrator of UWM Digital Commons. For more information, please contact open-access@uwm.edu.


https://dc.uwm.edu/?utm_source=dc.uwm.edu%2Fetd%2F1319&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.uwm.edu/etd?utm_source=dc.uwm.edu%2Fetd%2F1319&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.uwm.edu/etd?utm_source=dc.uwm.edu%2Fetd%2F1319&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/42?utm_source=dc.uwm.edu%2Fetd%2F1319&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.uwm.edu/etd/1319?utm_source=dc.uwm.edu%2Fetd%2F1319&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:open-access@uwm.edu

AN EXAMINATION OF LIGHT INTENSITY PHYSICAL ACTIVITY AND HEALTH IN
OLDER ADULTS

by

Whitney Welch

A Dissertation Submitted in
Partial Fulfillment of the

Requirements for the Degree of

Doctor of Philosophy

in Health Sciences

at
The University of Wisconsin-Milwaukee

August 2016



ABSTRACT

AN EXAMINATION OF LIGHT INTENSITY PHYSICAL ACTIVITY AND HEALTH IN
OLDER ADULTS

by
Whitney A. Welch
The University of Wisconsin-Milwaukee, 2016
Under the Supervision of Professor Ann M. Swartz, Ph.D. FACSM

Research has begun to quickly emerge on the potential benefit of light
intensity physical activity (LPA) to the health of adults. Little is known about LPA,
and much of the current LPA research stems from sedentary behavior research. The
purpose of this dissertation was to more fully understand, describe, and
characterize potential health benefits of LPA by determining the prevalence,
patterns, and health benefits of light intensity physical activity in older adults. Three
individual studies were completed to address each portion of this purpose. Study 1:
Light Intensity Physical Activity and Health in Adults: A Systematic Review.
The purpose of this study was to critically examine the current literature pertaining
to LPA and whether research supported a benefit or lack of benefit to adults. Upon
search, five health categories emerged and were examined: 1) all cause mortality, 2)
metabolic health, 3) cardiovascular health, 4) cancer risk, and 5) functional health.
Overall findings suggested there may be benefit to incorporating LPA within the day
in order to decrease risk of all-cause mortality, decrease insulin resistance, c-
reactive protein, glucose, insulin, metabolic syndrome, physical function, and

increase cognition. The results from this review suggested adults who were inactive,
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had been diagnosed with a chronic disease, or those who were older, showed a
greater benefit to engaging in LPA than those who were healthy and physically
active. Study 2: Contextual Analysis of Physical Activity. The second study was an
observational study to describe the patterns and context of LPA in older adults by
measuring their physical activity over seven days and the context of their LPA was
recorded on one day for a simultaneous measurement. Our results suggested older
adults engaged in over 250 min per day of LPA, in mostly short, frequent bouts
(~2.5 min each bout). LPA was performed for a consistent 15-25 min each hour
from 7am until 7pm. When activity domain was examined, over half of the activity
occurred during participants’ leisure time. Popular specific activities included
leisure-time activities such as multi-tasking while watching television or on the
computer, shopping, and household activities such as cooking and cleaning.
Contextual measurement revealed the LPA was more commonly performed inside
when the participant was by themselves, as opposed to with a group. Understanding
what LPA activities are already prevalent and specific to older adults, the social
support necessary to elicit the behavior, and the location these activities most
commonly occur to help identify potential barriers to the activity prescription
(weather, transportation, resources, etc.). Study 3: Dose response to LPA and
glucose dynamics in older adults. The purpose of this study was to determine
whether there was a dose-response relationship between the total amount of time
spent in LPA and post-prandial glucose response in older adults. Results from these
trials showed there was a significant decrease in glucose area under the curve 3-

hours post-meal when 40% of the measured time was spent in LPA. This effect was
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further compounded when time spent in LPA was increased to 60% of the
measurement period. This study was one of the first with an explicit focus on LPA
and provides evidence there is a metabolic health benefit to engaging in LPA, that
can further increase in benefit with increasing time spent in lower intensity
activities. Overall Conclusion. Together these studies provide evidence that LPA
may be a feasible physical activity selection for older adults and these active
behaviors, even at low intensities, may be health enhancing. Study 1 provides a solid
foundation to understand what we already know by what has been published in the
literature, Study 3 answered the question of whether or not LPA would provide a
sufficient stimulus to alter glucose uptake and further still whether that response
would be dose-dependent, and Study 2 results will assist health and fitness
professionals and researchers in designing and developing appropriate LPA
prescriptions. As our results directed, activity data from objectively measured LPA
showed LPA activities, therefore prescription development, are not synonymous
with moderate and vigorous activities and therefore should be considered
individually. These outcomes provide an important, positive impact on population
health by providing evidence for older adults to be physically active through a

potentially more attainable approach in order to gain health benefits.
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CHAPTER 1: INTRODUCTION
Background

Adults with chronic disease in the United States have cost the economy over
one trillion dollars per year in medical costs over the last 10 years (23). Associated
with high prevalence of chronic disease are low levels of physical activity, of all
intensities, and high levels of sedentary behaviors, resulting in a largely inactive and
sedentary adult population. Older adults are of particular interest. Studies have
demonstrated a significant decrease in time spent in activity of all intensities with
age, with the largest decrease seen in light intensity physical activity; a 35%
decrease from age 35 years to 85 years of age (144). When examining temporal
patterns of daily activity, studies have shown that the majority of daily active time is
spent performing ubiquitous activities that are of a light intensity level, therefore,
researchers have begun to elucidate the importance of light intensity activities to
our total daily energy expenditure and provide evidence for the beneficial health
effects of these light intensity movements (27, 37, 94).

Incorporating moderate or vigorous activities (MVPA) into daily life can be
cumbersome and for inactive and sedentary older adults may pose not only a
behavioral challenge but a physiological one as well (65). Only 25.3% of older adults
report meeting the current MVPA recommendations of accumulating 150 minutes
per week of moderate intensity activity, 75 minutes of vigorous intensity activity, or
some combination of the two (38). Due to this low adherence, development of light

intensity physical activity recommendations could increase physical activity



participation among this population. Therefore, it is proposed light intensity
physical activity could provide a feasible and attainable activity option for the older
adult population to increase physical activity levels and therefore improve health.

Recent research has shown that engaging in light intensity physical activity is
associated with positive health benefits. In particular, light intensity physical
activity (LPA) is associated with higher individual-rated health and more favorable
cardiometabolic biomarkers, including greater glucose regulation in older adults
(21, 54). Previous research by Healy and colleagues has shown decreased glucose
tolerance test peak glucose excursion in adults who accumulate a greater amount of
LPA (54). Additionally, it has been shown that breaking up sedentary times with
short light intensity bouts (2 minutes) is as beneficial at enhancing glucose control
as moderate intensity activity breaks (35). Thus, there is an urgent and critical
public health need to further understand light intensity physical activity. Although
little research has been done, the initial groundwork has been laid informing
researchers there appears to be an independent benefit to engaging in light
intensity physical activity (94).

Since light intensity physical activity already accounts for a large portion of
an older adults ubiquitous activities, if beneficial, increasing light intensity physical
activity may be more feasible for older adults, adults with chronic diseases, or those
individuals’ beginning at low baseline activity levels (3). However, many gaps still
remain about the current prevalence of light intensity physical activity in older

adults, the most common types of light intensity activities performed by this



population, and the potential dose-response benefit to increasing light intensity

activity above baseline levels.

Statement of Purpose
The purpose of this dissertation was to determine the prevalence, patterns,

and health benefits of light intensity physical activity in older adults.

Specific Aims & Hypotheses
Study 1:

Light Intensity Physical Activity: A Review

Specific Aim: Synthesize the current observational, longitudinal, and interventional
evidence and present a summary of the best evidence available for light intensity

physical activity as a mechanism for health enhancement.

Study 2:

Contextual Analysis of Physical Activities in Older Adults

Specific Aim #1: Define the pattern of light intensity physical activity in older adults.
Hypothesis #1: Older adults will spend a larger proportion of their time in
light intensity physical activity during the morning hours when compared to
the afternoon hours, since previous research examining moderate and
vigorous activities show these active behaviors are greater during the first

half of the day (101).



Hypothesis #2: Light intensity bouts will more often be performed in short,
sporadic (<10 min) bouts versus longer, sustained bouts (>10 min) of
activity. This hypothesis stems from examining what activities are
considered LPA within the Compendium of Physical Activities; most of them
being short in duration, ubiquitous activities (3).
Specific Aim #2: Identify the activities and domains of activities specific to light
intensity physical activity.
Hypothesis #1: Household-related activities, such as cooking or cleaning will
be the most prevalent light intensity physical activity performed by older
adults, as has been reported previously by subjective measurement (136).
Hypothesis #2: The majority of light intensity physical activity will be
performed inside the older adult’s residence, in line with typical locations of

the highly reported activities (136).

Study 3:

Dose-Response of Light Intensity Physical Activity and Glucose Dynamics in

Older Adults
Specific Aim #1: Determine the effect light intensity physical activity on glucose
response in older adults in a controlled environment.
Hypothesis #1: Glucose area under the curve will be lower during the three-
hour monitoring period following accumulation of light intensity physical

activity, when compared to the seated condition.



Specific Aim #2: Determine the dose-response effect of proportion of time spent in
light intensity physical activity on glucose response in older adults in a controlled
environment.

Hypothesis #1: Glucose area under the curve will progressively decrease as

time spent in light intensity physical activity increases.

Assumptions of the Studies
These studies assume the following:

e Participants will answer questions honestly during participant screening and
data collection.

e Participants’ follow all the pre-participation guidelines laid out by the
researcher.

e Participants will answer activity questionnaires free of researcher
desirability bias.

e Participants will wear their accelerometer as directed by the researcher,
including remembering to put them on upon waking and recording wear
times on their activity logs provided.

e Participants will follow directions on maintaining their normal activity

regimens and not become biased by the presence of the monitor.

Limitations of the Studies
A limitation to these studies is related to the specific populations being

studied within each study, decreasing ability to generalize to other populations.



However, these findings could provide rationale to further elucidate the effects of
light intensity physical activity among differing populations and provide
information on the importance of light intensity physical activity to improve glucose
control. These results will be used to inform future LPA interventions. Limitations to
accelerometer data reduction will exist regardless of the reduction technique
chosen, as there are limitations to all currently developed analyses. The controlled
laboratory setting with which it will be conducted limits study three. For example,
participants will be walking on a treadmill as opposed to a self-selected free-living,
over-ground environment. Additionally, we will simulate proportion of a waking
day spent in light intensity physical activity by extrapolating a three-hour
monitoring period into a full day. Due to the measurement of energy expenditure, an
all-day measurement period is not feasible and the current study design additionally

allows for a more tightly controlled experiment.

Significance of the Studies
These studies provide practical and scientific significance by filling

knowledge gaps in determining the current state of light intensity physical activity
in an older adult population, commonly performed light intensity activities, and the
health benefits associated with differing quantities of light intensity activity. The
ultimate goals of these studies are to provide evidence to prescribe light intensity
physical activity as a means of increasing health and decreasing the chronic disease
burden on the older adult population. Scientifically, these studies can move the field

of physical activity and public health forward by elucidating the effect of a lower



intensity physical activity, which may provide a more easily attainable activity
option to a variety of populations and have an overall effect of increasing health and
decreasing chronic disease. Additionally, understanding when, where and how
individuals are engaging in these behaviors will help in developing more sustainable
and behavior-changing interventions. Practically, the light intensity message may
translate as a more palatable message to older adults and similar populations and
aid clinicians and exercise specialists in their exercise and activity prescriptions as a
cost-effective alternative to preventing and decreasing disease.

The following dissertation is set up as a three-study sequence, which fills the
aforementioned knowledge gaps by critically examining what is currently known
about light intensity physical activity, providing a holistic understanding of light
intensity physical activity participation in older adults by incorporating context of
activity into LPA measurement, and determining dose-response to light intensity
physical activity and glucose dynamics. Together these results provide a solid
foundation for the future development of light intensity physical activity promotion

and prescription in the older adult population.



CHAPTER 2: REVIEW OF LITERATURE

Introduction

Since the 1950’s and the seminal work of Jeremy Morris, the benefits of
physical activity have been the focus of many researchers and practitioners around
the world (112). Much of the early work focused on understanding the benefits of
physical activity of higher intensities, namely moderate-to-vigorous activity
(MVPA). With the growth of knowledge about the benefits of physical activity great
interest grew in the effect of overall physical activity accumulated (any movement
that results in energy expenditure), as opposed to the single dimension of exercise,
as a planned and structured activity for the purpose of increasing fitness.
Examination of daily patterns of activity intensities revealed adults spend very little
of their waking day in MVPA; the majority of people’s waking day is spent
performing sedentary behaviors or light intensity physical activities (115).

Throughout the evolution of the physical activity guidelines, more and more
has been revealed about the relationship between more purposeful, active living
(MVPA) or sedentary behaviors and health outcomes (16). While much attention
has been paid to MVPA and sedentary behaviors, little research has explored the
benefits of light intensity physical activity. However, it begs the question that if one
buys into the notion that sedentary behavior is bad, would that indicate therefore,

that LPA is good?



Light intensity physical activity is defined as metabolic equivalent (MET)
values greater than one and one-half and less than three (3, 123), which
intermediate the intensities in between moderate intensity activity and sedentary
activities. In general, LPA are our everyday activities such as household activities of
daily living, slow walking or walking as the result of completing other task such as
cleaning, or low-level leisure-time activities. Older adults’ prevalence data has
shown 30% of their day is spent in active behaviors with LPA making up 79% of that
active time. To date, little research has examined the role of light intensity physical
activity as a critical portion of our daily-accumulated movement. Little attention has
been given to the current prevalence and context of LPA-related behaviors and in
addition, the health benefits associated with an increase or decline in LPA over the
life course.

This review seeks to fill this gap by reviewing the current state of knowledge
on LPA through a discussion of: 1) the currently held definitions of light intensity, 2)
examples of the types of activities that would fall within this spectrum, 3) the
measurement of LPA, 4) reported prevalence of LPA, 5) the relationship of LPA to

health, and 6) experimental results of LPA on health.

Defining Physical Activity Intensity
In order to understand LPA and its relation with health, it is first important

to review how physical activity is defined and measured. Physical activity is
generally described by four attributes: the frequency with which the activity is

performed, the intensity with which the activity is performed, the type or mode of



activity performed, and/or the duration of the activity (63). Frequency, type, and
duration attributes are all easily and objectively measured by counting the number
of times you engaged in an activity over a specified time period (frequency),
measuring the amount of time spent in a certain activity over a specified time period
(duration), or by noting the mode of the activity performed (mode or type).
However, quantifying intensity poses a more difficult challenge due to the multiple
methods of measurement that assess various physiological, mechanical, and/or
psychological indicators of intensity, and the numerous ways intensity can be
expressed.

Intensity is defined as the overload placed on physiological systems that
elicits a training response (116); this load is most ideally measured through the
metabolic (oxygen consumption) and cardiovascular (heart rate) systems. Intensity
is often broken into distinct categories; example categories include light, moderate,
and hard, with each category increasing the intensity with which you are working.
Clearly defining what differentiates each intensity category becomes quite a bit
more complex.

There are two commonly accepted approaches to present intensity data: in
relative or absolute terms. Relative intensity is expressed in relation to the
individuals’ maximal physiological capacity of work, such as a percentage of their
maximal heart rate or VO2. In a sample of individuals that are similar in age, sex, and
training state these absolute and relative values will remain rather similar to one
another however, when this is not the case the relative method of expressing

intensity is more tailored to the individual’s current health and fitness level because
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maximal capacity can be affected by factors such as sex, age, and training state,
making it an important and accurate indicator of how hard someone is working
(51). Exercise intensity can also be described in absolute terms, based on the
individual’s physiologic response (Liters of oxygen consumed per minute, METSs) or
based on the activity performed (walk at 3 mph and 0% grade on a motorized
treadmill, METs). Absolute intensity provides an expression provides a set rate of
energy expended for a given work rate or activity (51). This set rate approach
allows for a less individualized however more translational application of intensity.

These approaches to describe intensity will be detailed in the following sections.

Relative Intensity
Relative intensity is expressed as either a percentage of an individual’s

maximal heart rate, heart rate reserve, or maximal oxygen consumption (VO2max).
Relative intensity terminology was used in the first physical activity guidelines
documented in 1965 by the President’s Council of Physical Fitness and intensity
recommendations were presented in relative terminology until 1995 when the
Center for Disease Control and Prevention and American College of Sports Medicine
published their updated guidelines recommending engaging in moderate activity
(123). Thereafter, recommendations were also provided in absolute terms in an
attempt to provide a more easily understandable and measureable public health
message.

Being able to more accurately quantify an individuals actual intensity during

an activity is why utilizing relative intensity can be incredibly beneficial. It provides
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an individualized prescription and is the most common way activity prescriptions
are given (107). There are limitations to using relative intensity definitions. Relative
intensity quantification requires knowledge and measurement (or estimation) of
maximal heart rate or VOzmax. Measurement of maximal HR and/or VOz2 is not
feasible or easily accessible for all populations. Rhe technical measurement of these
variables require either the utilization of expensive equipment and/or a trained
technician. Estimation of maximal HR and/or VOZ2 is also available through field
tests or prediction equations. However, the validity and reliability of these
techniques are not high across all populations (132).

When expressing intensity relative to an individual’s maximal capacity, there
is no standardization. Depending on the source, the relative cut-offs for each
intensity category differ. According to the 1996 Surgeon General’s Report on
Physical Activity and Health, light intensity was classified as 25-44% VO2max or heart
rate reserve, 30-49% heart rate max, or a 9-10 on Borg’s rating of perceived
exertion scale (123). Then in 2008, United States Health and Human Services put
out the current physical activity guidelines for health benefits(137) and no relative
intensity provided for LPA was given. However, one can surmise that it is less than
the moderate activity range, and therefore less than 40% VO 2max.

In a call to researchers to standardize relative intensity values, Norton and
colleagues (114) reported relative intensity values for each intensity category,

which are reported below (Table 1).
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Table 1. Categories of Exercise Intensity (114)

Intensity Heart Rate Max Heart Rate VO2max
(%) Reserve (%) (%)
Sedentary <40 <20 <20
Light 40-55 20-40 20-40
Moderate 55-70 40-60 40-60
Vigorous 70-90 60-85 60-85
High >90 >85 >85

Together, these show there is currently no standardized definition for LPA.
However, the above definitions of LPA differ by only about +5%, with the upper

bound range for LPA ranging from 40-44% of VO2max.

Absolute Intensity
Alternatively, intensity can be expressed in terms of absolute work done (e.g.

300 Watts on a cycle ergometer), or absolute physiologic demand (e.g. L/min, MET).
These values are consistent across individuals, meaning that 300 Watts is the same
workload regardless of the person. Further, absolute expression of intensity is not
influenced by factors such as age or training status. Absolute intensity is most
commonly expressed as a MET or metabolic equivalent. The most commonly
accepted MET definition today is 1 MET is equivalent to 3.5 ml/kg/min (2). In 1960,
Bruno Balke was the first to use the term MET in exercise physiology to describe the
work to rest ratio (8). The MET was introduced to provide an “easy” all

encompassing measurement of intensity level. This ratio of work to rest, provides a
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quickly estimated and understood definition of intensity; each single increase in
MET value indicating a single increase in work above resting values. Benefits of
expressing intensity in an absolute manner include an intensity estimate that can be
obtained from the Compendium of physical activities based on activity (3)
performed and monitored with minimal invasive physiological information, and
absolute intensity provides easy comparisons across populations.

However, there are some limitations to using absolute intensities to describe
physical activity. Older adults and adults with low fitness levels are likely working at
a much higher relative intensity than a trained individual while performing the
same activity at the same absolute intensity level (124). Additionally, many have
found that the 3.5ml/kg/min “resting” level is generally higher than most
individuals’ measured resting metabolic rates, therefore, misclassifying the intensity
at which these individuals are working (76, 77).

Similar to relative intensities, there is no standardized cut-offs when
expressing intensity in absolute terms. In the 2008 guidelines, LPA was defined as
between 1.1 and 2.9 METSs, moderate falls within 3.0 and 5.9 METs, and vigorous
activity constituting of any MET values at and above 6 (137). In contrast, the
Sedentary Behavior Research Network published a call to researchers to
standardize the definition of sedentary behavior to any absolute energy expenditure
value equal to or below 1.5 METs (133). Likewise, Norton et al. attempted to
standardize the remaining absolute intensity terminology (114). In line with the
sedentary behavior research network definition, researchers defined sedentary

behavior as any activity <1.6 METs, LPA as 1.6 to 2.9 METs, moderate activity as 3 to

14



5.9 METs, and vigorous activity 6 to 9 METs. To date, these are the most commonly

used MET-defined intensity categories.

Again, as was seen in the relative intensity demarcations, there is no

standardized definition of absolute LPA intensity when expressed in absolute terms.

Although the majority of the literature utilizes the 1.6-2.9 MET cut-offs for LPA in

adults, age and disease-state can all play important roles in researchers chosen

intensity cut-offs (124).

Combining Relative & Absolute Intensity

To bring a standardized terminology and as an attempt to circumvent the

limitations of METs as a function of an individual’s relative capacity, the 1996

Surgeons General’s Report on Physical Activity and Health, absolute intensity

criteria (Table 2) are given in METs and are additionally broken up by age groups to

take into account the variation in fitness levels over the lifespan (123).

Table 2. Classification of Absolute Intensity (METSs) in Healthy Adults by Age

(123)
) Young Middle-aged Oold Very Old
Intensity
(20-39y) (40-64y) (65-79y) (80y +)
3.0-4.7 2.5-4.4 2.0-3.5 1.26-2.2
Light
48-7.1 4.5-5.9 3.6-4.7 2.3-2.95
Moderate
7.2-10.1 6.0-8.4 4.8-6.7 3.0-4.25
Hard
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In 2001, Howley proposed a scale of MET values dependent on the

individual’s maximal capacity to address the same issue (62). Table 3 provides MET

estimates based on VO2zmax levels, therefore, those who have a higher VOzmax will be

working at a higher MET value at a lower percentage of their VOzmax.

Table 3. Classification of Physical Activity Intensity by Maximal Fitness Level

(62)
V02max 12 METs 10 METs 8 METs 5 METs
METs | VOzmax | METs | VOzmax | METs | VOzmax | METS | VOzmax
(%) (%) (%) (%)
Light 32-53 |27-44 |284.5 |2845 |24-37 |30-47 |18-25 |26-51
Moderate | 54-7.5 |45-62 |4.6-63 |46-63 |38-51 |48-64 |26-33 |52-67
Hard 7.6-10.2 | 63-85 | 64-8.6 | 64-86 |5.2-69 |65-86 |3.4-43 |68-87

As highlighted above, there are a number of ways to measure and express

intensity, each with their own strengths and limitations. Determining intensity

expression is highly dependent on the outcome of interest and the testing or

exercising environment. However, what is lacking from the current literature is a

clear and consistent definition of light intensity. Since LPA has become the

“between” intensity of the greater studied moderate intensity and sedentary

behavior, standardization of these intensity cut-offs could additionally aid in

standardization of the LPA definition.
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Measurement of Light Intensity Physical Activity
Whether light intensity is expressed in relative or absolute terms, both

values must be measured for the most precise understanding of an individual’s
intensity level. More rigorous measurements involve tracking physiological
information, such as heart rate or maximal oxygen consumption, however when
these are not feasible other measurement estimation techniques have been
developed that provide the ability to track individuals in a free-living setting or over

a long period of time.

Physiological Measurement of Intensity
There are two main physiological variables and one psychological variable

that are measured in order to provide an estimate of an individuals’ physical activity
intensity: heart rate, oxygen consumption, and a rating of perceived exertion,
respectively.

Oxygen Consumption. Oxygen consumption or VOz is a measurement of the
aerobic metabolic processes (the amount of oxygen used by muscles) used to
produce ATP. VO2 is most commonly measured through estimation of oxygen
consumption by indirect calorimetry (104). In terms of intensity measurement and
classification, percent of VO2 max is considered the gold standard measurement of
intensity level when maximal VO2 is known (104). A VO2max is most commonly
measured by a graded exercise test, or a test in which the work output of an exercise
mode is increased until volitional fatigue (108). VO2max and submaximal VO2 values

can also be estimated using field tests or derived energy cost equations.
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Heart Rate. Berggren and Christensen found that heart rate increases
linearly due to an increased need of oxygen at the muscle in response to increasing
level of physical activity (14). If an individual’s maximal heart rate is known then a
percentage of the maximal heart rate can be used as their relative intensity.
Monitoring heart rate is a good alternative for individuals to assess their own
physical activity intensity due to it’s low cost and low technical skill required, when
compared to other lab-based procedures such as oxygen consumption. However,
limitations to this method do exist. Until sympathetic stimulation is accelerated to
elicit the increase in the heart rate response above approximately 120 beats per
minute, heart rate can be falsely elevated in response to other cardiac accelerators
such as anxiety or stress which is especially problematic when measuring light
intensity activities (64).

Rating of Perceived Exertion. Borg's rating of perceived exertion scale was
developed as a subjective rating of perceived effort and fatigue of an activity.
Individuals rate how hard they feel the exercise or activity is on a scale of 6 to
20.(17). Similar to heart rate and VO2 responses, the perceived effort of an activity
should increase linearly with increasing effort or intensity.

The rating of perceived exertion is considered a psychological construct,
however, in field-based research or research lacking more rigorous means of
measurement, this scale is used as a proxy for intensity. Therefore, knowledge of the
rating of perceived exertion scale to accurately portray light intensities is important

for future research translation.
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Following Borg’s original contribution of the perceived 6 through 20 scale, he
proposed a categorical 1 through 10 scale based on the same ratio properties used
in the original 15 point scale, with the intent of making it a more understandable
scale (18). While the rating of perceived exertion was rescaled in order to provide a
more simple and understandable anchoring for individuals, Borg wrote the original
6 through 20 scale was overall the better measure of subjective perception when it
was applicable to use.

To date, there have not been any studies to show specifically the utility of any
of these methods to assess LPA; rather, light intensity activity has become the
default intensity between highly researched inactivity and moderate intensity
activity. Overall VOzmax provides the gold standard measurement of intensity while
measures of maximal heart rate, and RPE to specifically measure LPA is not known.
Since intensity is so contingent on being relative to the person, which would be
dependent on age and training status, filling this knowledge gap would provide

more information and estimation accuracies to the measurement of LPA.

Free Living Estimation of Intensity
Of additional interest in assessing physical activity outside of the laboratory,

under free-living conditions, it became necessary for other field-based methods to
assess physical activity that are portable and able to assess activity over long
periods of time. These measurements fill many research feasibility needs, for
example allowing monitoring of activity over longer time periods (a week or

multiple weeks), measuring intensity for large populations of individuals, and
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decreasing the participant burden of physiological measurements (80, 85). The
following section will provide an overview of both the subjective (questionnaires)
and objective (activity monitors) estimation techniques to classify intensity.

Self-Report. Self-report measurement tools are generally survey type
measurements where the participant is being asked to recall or report their activity
or perceived intensity level on a questionnaire, log, or diary (80). These
measurement tools have shown moderate comparative validity with physical
activity monitors for exercise or MVPA since these activities are usually performed
for a purpose and are planned (85, 127). However, self-report measurements are
not accurate at measuring LPA (2). This could stem from the difficulty of recalling
these activities since a large percentage are everyday activities of daily living, or for
some of the activities, such as household walking, the lack of purposeful decisions
that go into engaging in light intensity activities. Most self-report measurement
tools were not designed to capture light intensity activity, therefore, few tools are
available to assess LPA.

To address the lack of LPA survey measurement tools, Barwais et al. have
developed a self-report measure called the Sedentary Behavior and Light Intensity
Physical Activity Log (SLIPA) that encompasses a rather comprehensive list of
sedentary and light intensity activities (10). The survey was developed by
consulting the compendium of physical activity for light and sedentary activities,
followed by interviewing individuals on their recall and time spent in LPA or
sedentary behavior. The survey’s validity was assessed on an independent sample of

22 young adults. Results showed the SLIPA survey had a strong correlation with
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Actigraph GT3X inclinometer measured sitting and standing time (r=0.80). When
light intensity is specifically examined (ActiGraph time spent standing), mean
difference (SLIPA-GT3X) showed a 1.8-hour difference between the accelerometer
and survey measure for one 24-hour day, with the survey greatly underestimating
time spent in LPA. These data are based on the assumption the inclinometer
function within the Actigraph worn on the waist is a valid indicator of standing and
sitting time. Additionally, it should be noted the authors were more interested in
posture allocation with the dissemination of this survey and not necessarily
intensity, therefore, the outcome variables are derived from standing, sitting, and
lying time. Because of the lack of available measures and the limitations to the light
intensity survey available, light intensity measurement is ripe for survey
development to more accurately capture light intensities.

Objective Measurement. Since self-report measurement tools do not
accurately capture light intensity physical activities, finding other ways to measure
intensity with little burden on the participant is important. One option, estimating
LPA with accelerometer-based physical activity monitors, which holds promise for
light intensity estimation. These activity monitors contain an accelerometer, which
translates bodily movements into substantive quantitative data (25).
Accelerometers were first applied to the measurement of activity intensity in the
early 1980’s with the finding that with an increase in energy expended (or increased
activity intensity) the body moves quicker, therefore, registering higher

accelerations providing a quantification of body movement (111).
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Most commonly, activity monitors are worn on the waist (142). This monitor
placement has proven to be an accurate indicator of ambulatory activity due to the
consistent and cyclical vertical accelerations produced during walking. Further,
waist worn activity monitors have been shown to accurately measure slow walking
(41). Therefore, waist worn monitors are a promising method to assess LPA since
the majority of walking performed daily is ubiquitous and falls within the light
intensity range.

To date, the most commonly used and traditional analysis of accelerometer-
based activity monitor data was through linear regression-derived cut-points to
classify movement as sedentary or inactivity, light-intensity, moderate-intensity, or
vigorous-intensity. These cut-points correspond to the absolute MET value cut-offs
for light, moderate, and vigorous activities. Calibration of the cut-points is
performed by measuring oxygen consumption during a number of different
activities, usually in a laboratory setting with simulated activities. The first few
published cut-points were developed on ambulatory activities alone with lifestyle
activities being added to calibration protocols a few years later (43, 58, 130, 134).
As is illustrated in Table 4, there are a number of different published cut-points.
Each set of cut-points has their own strengths and limitations, due to the protocol
and/or methods used for development. Previous cross-validation of the waist-worn
cut-points have shown little agreement between LPA cut-points and measured
energy expenditure. The cut-points derived from Swartz et al. (130) showed the
closest agreement with no significant differences seen between measured time

spent in LPA, while other cut-points overestimated LPA by as much as 29%
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(Hendelman et al. (58)). Authors’ reasoned the Swartz estimation faired well during
light activities due to the calibration activities consisting largely of lifestyle activities

(126, 130).

Table 4. Most Common Vertical Axis Waist Cutpoints

Cutpoint Calibration Protocol Light Intensity Cutpoint
Freedson et al. (43) Ambulatory <1952 counts/min
Hendelman et al. (58) Lifestyle activities <2192 counts/min
Nichols et al. (113) Ambulatory <1982 counts/min
Swartz et al. (130) Lifestyle activities <574 counts/min
Troiano et al. (134) Ambulatory <2020 counts/min

An overarching limitation of these cut-points are they are derived from
absolute intensity MET values, not taking into account physiological variables which
are different from the calibration population (12). The above cited cut-points were
developed on an adult population, therefore their generalization to older adults is
limited (128). A few older adult specific cut-points have been developed and the
most commonly used older adult cut-points are described. Copeland et al. used lab-
based treadmill walking to develop cut-points in older adults (28). Light intensity
cut-points on the vertical axis were <1041 cpm. In 2013, Hall et al. developed cut-
points on slow walking (1.5-3.5 mph) in 60-90 year olds. Light intensity cut-point
showed a lower vertical axis cut-point than previously derived from other older

adult research (LPA<809 cpm) (48). Most recently, MVPA and sedentary cut-points
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were developed using the vector magnitude in older adults (1). Sedentary cut-points
for estimating time spent sitting, lying, and standing are <1 cpm at 1-s epoch, <70
cpm at 15-s epochs, and <200 cpm at 1-min epochs (1). MVPA cut-points were age
and gender specific, however, cross-validation showed they were not accurately
predicting energy expenditure (120). Similar limitations exist with these cut-points
as with the adult cut-points, including calibration on a single activity (walking) and
not taking into account individual differences in relative intensities that are
apparent in older age (12, 110, 127).

A promising avenue for exploration to improve the accuracy of estimating
LPA may be the measurement of acceleration at the wrist. Accelerometers worn on
the wrist allow the capture of upper body movement in the absence of concurrent
lower body movement. An example where this would be important is with standing.
According to the compendium of physical activity, standing still is below the light
intensity MET level (1.3 METSs) while standing with upper body movement is
considered a light intensity activity (2.0 METSs) (3). This activity therefore would
classified as sedentary by the waist-worn accelerometer, while the wrist-worm
accelerometer may classify the activity appropriately. Although far fewer studies
have been conducted using the wrist, one study compared the intensity
classification accuracy of waist worn and wrist worn cut-points using the Gravity
Estimator of Normal Everyday Activity (GENEA) activity monitor when compared to
measured energy expenditure. Results showed the wrist worn cut-point (44.9%
accurate) resulted in a greater ability to detect LPA when compared to the waist site

cut-point (24.4% accurate) (140).

24



Commercially available activity monitors have become a popular trend for
the public. While a number of the newer devices, such as the Jawbone™ or Fitbit™,
have not been assessed for their accuracy in capturing light intensity activity, recent
research has reported the utility of the Sensewear™ armband to measure in free-
living conditions. The Sensewear™ armband mini uses multiple modes of
information to estimate energy expenditure, including an accelerometer and
measured skin temperature. The Sensewear™ mini was able to accurately
discriminate between sedentary, light, and moderate activities greater than 85% of
the 120 minute testing period when compared to measured energy expenditure
(22). Additionally, the Sensewear™ mini showed greater percent intensity
classification agreement compared to the measured energy expenditure than the
Actigraph GT3X (51.1%) and ActivPal (68.9%).

Today, with the growing evidence indicating the importance of LPA in health
outcomes, research investing in the development of better field measurement
techniques for LPA is important. In order to fill this gap, both subjective and
objective measurement devices should be developed and refined to fit the needs of
multiple study designs and outcomes. Development of more accurate assessment
tools to estimate time spent in light intensity will help to fully elucidate the full

potential of light intensity activities for the benefit of health.

Types of Light Intensity Physical Activity
A common way to estimate physical activity intensities is to know what

activity is being performed and use the average energy expended during the
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identified activity as a measure of absolute intensity. Understanding the types of
activities that are considered light intensity activities can help us understand where
these LPA activities are most likely to be performed and by whom. LPA generally
involves ubiquitous, everyday movements and activities, usually done for another
purpose such as cooking, cleaning, or household walking. Most activities of daily
living fit within the LPA intensity category, thus LPA transcends the full spectrum of

activity domains: transport, household, occupational, and leisure time (Table 5) (3).

Table 5. Examples of Light Intensity Activities* from the Adult Compendium of
Physical Activities (2)

Activity MET Value
Transportation
e Walking <2.5 MPH 2.0-2.8 METs
e Walking from house to house/from 2.5 METs
house to car/social walking
Household
e Household Walking 2.0 METs
e (leaning General 2.5 METs
e Cooking, Food Preparation 2.0 METs
e Washing Dishes 2.5 METs
° Ironing 1.8 METs
Occupational
e Active Workstation 2.3 METs
e Office or Lab Walking 2.0 METs
e Standing-Miscellaneous 1.8 METs
Leisure Time
e Billiards 2.5 METs
e Wii 2.3 METs
e Light Calisthenics 2.8 METs
e Drawing, writing, painting 1.8 METs
e Standing - talking on the phone, text 1.8 METs
messaging

*defined here as 1.5-2.9 METs
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Light intensity activities are generally not performed with the intent of completing
planned exercise to accrue some type of health or fitness benefit, although there
may be some exceptions (e.g. slow walking). Because of the wide variety of activity
types, and the utilitarian nature of these activities, the measurement of LPA is
challenging, therefore information regarding the potential benefits of this activity
intensity is lacking.

In an attempt to classify activity, not by intensity, but by purpose, the concept
of non-exercise activity thermogenesis (NEAT) was introduced. “NEAT is the energy
expended for everything we do that is not sleeping, eating, or sports-like exercise. It
ranges from the energy expended walking to work, typing, performing yard work,
undertaking agricultural tasks and fidgeting” (88). NEAT can include very low
intensity activities through to vigorous intensity activities, but the majority of NEAT
falls within the light intensity range. NEAT comprises most of our daily activity and
energy expenditure, and has shown to be associated positively with health.

James Levine is the most prominent researcher in the area of NEAT and the
benefits or consequences of the total amount of this accumulated activity energy
expenditure. Levine’s NEAT theory draws on the idea that physical activity energy
expenditure provides the most variable (15-50%) source of energy expenditure,
with resting metabolic rate and the thermic effect of food remaining a stable
proportion throughout each day (89). He argues that since these types of activities
provide the majority of our activity time, they demand attention in terms of
environmental and biological influences of the activity time on the person and the

person on the activity time. These are important points considering our non-
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exercise, everyday activities have markedly decreased since the 1920’s and this
decline is evident in all domains of activities due to a variety of technological and
environmental factors (29, 89). For example our jobs have become increasingly
sedentary (20) because of the introduction of manufacturing and technology. Time
spent in house work dropped 10% from 1965-1995 and overall caloric expenditure
from household-work has largely declined due to advancements in labor-saving
machines and other related technology (79). This decrease in non-exercising energy
expenditure translates into lower total daily energy expenditure of the population
and has contributed to the rise in prevalence of many chronic diseases (89).

Researchers have more specifically examined the effect of age on the role
NEAT plays in total daily energy expenditure. Multiple studies have shown a decline
in NEAT as one ages, with the NEAT energy expenditure in older adults being
accounted for by much less time spent standing and walking and greater time spent
sitting and lying when older adults are compared to younger adults (33, 49).

Since light intensity physical activity is the most variable proportion of our
active day, developing a better understand