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Abstract

Evidence suggests a physically active lifestyle increases proportion of life lived free of disability. Unfortuna-
tely, physical activity participation in older adults is low, suggesting innovative strategies are needed. This 
case-report (1) examined daily activity routines from accelerometer data; and (2) utilized the movement 
patterns to “infuse” physical activity withinthe participant’s normal routine.

Case-Report: A 60 year old wore an Actigraph GT3X+ accelerometer, on 2 separate days and weeks. Move-
ment patterns, from “raw” accelerometer data, were presented to the participant to identify areas of high 
and low activity, with suggestions how to increase overall activity. Results indicated activity patterns were 
reproducible. Physical activity infusions increased movement counts by 34%, and Moderate-Vigorous Phy-
sical Activity (MVPA) by ~82minutes.

Discussion: Examination of“raw” accelerometer data identified distinct movement routines. Understan-
ding these routines allowed for health provider/participant interaction that led to physical activity “infu-
sions” which contributed to a large increase in MVPA, without major alterations to the individual’s day.
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Introduction

 The proportion of people over 60 is estimated to grow from 9% in 2019 to 16% by 2050 [1]. Althou-
gh it is clear people are living longer, the quality of life during those extra years is not evident [2]. Recent 
evidence suggests healthy lifestyle factors, affect the proportion of future life lived free of disability [3]. 
Given years of disability contribute substantially to healthcare costs [4], contraction of the disabled period 
through promotion of healthy lifestyles [3], may reduce healthcare costs and encourage continued societal 
contributions.

 Physically active older adults, typically experience healthier ageing trajectories [5]. In fact, risk of 
losing independence is significantly lower for fitter older individuals [6]. Importantly, prospective studies 
indicate that engaging in exercise programs reduces the risks of functional limitations and disability [7-9]. 
As a result, scientific evidence-based recommendations have been developed to guide clinicians and other 
professionals in the promotion of physical activity for older adults. The current consensus recommenda-
tions of the 2009 American College of Sports Medicine and the 2008 Physical Activity Guidelines for older 
adults are 150 min/week of physical activity for health benefits. It is noted that additional benefits occur as 
the amount of physical activity increases through higher intensity, greater frequency, and/or longer dura-
tion.

 Many older adults do not engage in adequate amounts of physical activity, and even fewer take ad-
vantage of programs designed to enhance physical fitness. Barriers to participation include physical limita-
tions, lack of professional guidance, inadequate information on available and appropriate physical activity 
options and programs, feelings of intimidation, and no interest in organized activities [10].

 Consequently, additional strategies are needed to assist older adults in increasing physical activity. 
With the advent of portable sensors (e.g. accelerometers), opportunities exist to examine movement throu-
ghout the day. Typically, accelerometer data are summarized using proprietary algorithms and provide 
information about the amount of time a person engages in low, moderate, and high-intensity activity [11]. 
Interestingly, few studies have explored daily patterns of physical activity. Such data may provide addi-
tional insight and allow clinicians and health professionals the opportunity to strategize with patients to 
increase the total volume of activity within the day, but perhaps, more importantly, how, when and where 
activities could be increased. Such strategies may, initially, be built within a person’s daily routine, rather 
than presenting an additional burden.

 The objective of this case-report was 3-fold: (1) to examine the presence of daily physical activity 
routines; (2) to determine the consistency of such physical activity routines and volumes of activity between 
days/weeks; and (3) to utilize the movement patterns to guide physical activity “infusions” within an older 
adults normal routine. The overall goal of the report is to stimulate the use of “raw” accelerometer data 
during a provider-patient exchange, aimed at increasing volume and intensity of physical activitywithin a 
patient’s usual routine.
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Case Presentation

 This case-report provides an in-depth analysis of accelerometer data obtained from a 60-year-old 
individual. Although the analysis takes an idiographic approach, this report serves to stimulate the poten-
tial use for general application and an opportunity for advanced provider-patient interface. This case study 
was exempt by the IRB, but the report is in accordance with the requirements of the HIPAA privacy regula-
tions.

 Activity measurements: Physical activity was measured over two consecutive days, during two 
separate weeks, using the triaxial ActiGraph GT3X-BT accelerometer (ActiGraph, Pensacola, FL). The parti-
cipant wore the device on the non-dominant wrist between the hours of 6:00 and 22:00.

 Data from the accelerometers were downloaded and converted using ActiLife software, version 6.13 
(ActiGraph). Acceleration data were collected in raw mode and transformed into g-units. For each time 
point, the resultant acceleration (ri), or vector magnitude, was calculated as follows [12]:

ri = √ x2i + y2i + z2i,

 where xi, yi, and zi are the ith measurement sample of the raw acceleration signal in the x-, y-, and 
z-directions. The vector magnitude (r) was calculated at each time point (i), followed by the mean vector 
magnitude for 10 second epochs.

 Intensity thresholds were calculated using previously reported regression equations for non-domi-
nant arm wrist placement of the device [13]:

VO2=0.0320 (mg) + 7.28

and converted to Metabolic Equivalents (METs) by dividing the VO2 value by 3.5. This approach allowed 
estimation of minutes spent in light (1-3 METs), moderate (>3-≤6 METs), and vigorous (≥6 METs) activities 
[14].

 Also, Moderate to Vigorous Physical Activities (MVPA) were estimated, as frequently done in other 
studies [15]. Data were then graphed from the onset to end of the wear period to allow for visual inspection 
of physical activity patterns and matched with an activity log.

 Consistency of the data between weeks was determined from the total vector magnitude counts, the 
minutes spent in light, moderate and vigorous activities, and the observed patterns of activity across the 
wear time during the “low” and “high” activity days.

 Activity Intervention: The participant was asked to engage in regular activity on the first day of 
each week. Regular activity was defined as activity “typically” conducted by the participant within their 
day. The activity patterns were subsequently reviewed and opportunities for physical activity “infusions” 
discussed. Based on the evaluation of the physical activity patterns during the “typical” day, three “infusion” 
opportunities were presented, 1. “Interruption”of sitting, 2. “Creation” of activity, and 3. “Enhancement” of 
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existing activity. Interruption of sitting was made possible through provision of a cycle ergometer in the 
work space. Creation of additional activities included information about parking further away from the of-
fice, and the use of stairs. Enhancing existing activity included information about how to increase duration 
and intensity of existing physical activity bouts (such as activities in and around the home). The “infusion” 
opportunities were encouraged for the second day within each week.

Discussion

 The vector magnitude counts across the “Typical” and “Infused” activity days, for both weeks are 
presented in Figure 1. The percent difference between the counts for the “Typical” activity days was 16%, 
and 12% for the “Infused” activity days. The percent difference between the “Typical” and “Infused” activity 
days was 34%.

 Minutes of light, moderate and vigorous activity are presented in Figure 2. On the “Typical” activity 
days, minutes of light, moderate, and vigorous activity averaged 760.25 minutes, 162.75 minutes, and 37 
minutes, respectively, and 678.50, 201.25, and 80.25 minutes, on the “Infused” activity days. This suggests 
the participant does meet the physical activity requirements, given they exceed 200 min of MVPA within 
each day, as indicated in Figure 2. The difference in minutes in moderate and vigorous activity was 19% and 
53% between the “Typical” and “Infused” activity days. This difference represents 81.75 minutes of addi-
tional MVPA (i.e., physical activity above 3 METs). Arguably this person could still benefit from the added 
physical activity based on evidence that the health benefits of physical activity are dose dependent [16], 
and the fact that prolonged sitting is a risk factor for all-cause mortality independent of physical activity 
levels [17].

 The activity patterns, for the “Typical” versus “Infused” activity days, for week 1, are presented in Fi-
gure 3a and b. The activity patterns for the “Typical” versus “Infused” activity days, for week 2 are depicted 
in Figure 4a and b. Activities within the day are highlighted to indicate the types of activities.

 The unique contribution of this case-report is the use of “raw” accelerometer data to identify pat-
terns of physical activity within the day. Indeed, distinct routines of activity and inactivity were observed. 
Recognition of these patterns allows providers to engage with patients in developing simple strategies to 
increase the overall volume of physical activity. Without the burden of creating an organized “exercise” ses-
sion, the present findings suggest the “infusion” of physical activity within the existing daily routine, contri-
buted to a large increase in physical activities above the critical intensity-threshold, for health benefits to 
occur.

 Tri-axial accelerometers continue to gain in popularity for the objective monitoring and assessment 
of physical movements. A major advantage of accelerometers is the objective measures of physical activity 
behaviors free of the random and systematic errors associated with self-report [18]. However, accelerome-
ters also pose significant challenges [11], to providers interested in helping patients increase the volume 
of activity. Consequently, accelerometers are mainly used in research settings, and strategies are needed to 
bridge to clinical practice. Even in the research setting, accelerometer data are typically summarized into 
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minutes spent in light, moderate, and vigorous intensity. Little time is given to examining the patterns of 
physical (in) activity to understand how physical activity behavior can be modified.

 Visual inspection of the data, for this case-report, allowed for identification of daily activities, which 
were verifiable through recall. Importantly, physical activity patterns were relatively consistent between 
the same days, on different weeks, suggesting the presence of a daily “physical” routine. These “routines” 
were identifiable on both “Typical” and “Infusion” activity days. Of particular relevance to this case was 
the significant period of low physical activity during the workday, secondary to sitting behavior whilst 
working. Placement of a cycle ergometer in the participant’s office allowed for successful interruption of 
sitting. Other successful and visible examples of physical activity “infusions” included increasing the dis-
tance from the parked car to the office, the use of stairs, instead of elevators, and “walking” the dog. These 
“infusions” collectively increased MVPA by 81.75 minutes on the “Infusion” activity days. Epidemiological 
data support that such an increase of additional MVPA would significantly impact health outcomes [16].

 This case-report is valuable for several reasons. First, activity “infusions” did not significantly alter 
the participant’s daily routine. The participant did not have to make “exercise” time for additional activities 
outside of their routine. Second, the appearance that daily routines are consistent within the same days, 
across different weeks, may provide opportunities that physical activity “infusions,” on those days, may 
lead to meaningful changes. Third, visualization of an individual’s physical activity pattern may promote 
self-directed behavior change. Consequently, the individual may feel in control of their choices and beha-
viors, which gives them more reason to sustain healthy behaviors [19]. When individuals become more 
involved in their care, they are typically more compliant and committed, allowing the change in behavior to 
become permanent.

 Finally, this report serves to encourage healthcare providers to use and share objective physical acti-
vity measures with their patients. This provider-patient interaction may promote autonomous motivation 
for change by personalizing current behaviors and potential areas for change [20]. Such interaction may 
increase perceived competence by identifying specific areas in the day where physical activity can be added 
or increased. These strategies are particularly important for individuals who may not be “ready” to engage 
in “organized” exercise programs.

 We recognize the limitations of case-reports, and the on-going debate regarding the use of acce-
lerometers. We appreciate that physical activity counts may have been different if the device would have 
been worn on the hip rather than the wrist, even though previous research has shown modest correlations 
in older populations [21]. We also acknowledge the lack of sensitivity of accelerometers to differentiate 
between sedentary and light-intensity activities [22]. As such “true” periods of inactivity versus light ac-
tivity may be partially masked. In addition, difficulties in detecting non-ambulatory activities, such as cy-
cling, may have underestimated the true activity in this case. Finally, the use of algorithms to quantify and 
estimate intensity thresholds from accelerometer data is a known limitation, as different algorithms may 
provide different physical activity outcomes [23]. Given this limitation, pattern recognition techniques as 
explored in this report may circumvent such problems.
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 This study used “raw” accelerometer data for the purpose of identifying patterns of physical activity 
within the day. Distinct patterns of activity and inactivity were observed and through health provider/
participant interaction allowed for simple “infusions” of physical activity within the daily routine. These 
physical activity infusions did not alter the person’s daily routine or create an additional burden of physical 
activity time. The physical activity infusions also contributed to a large increase in physical activities above 
the critical threshold needed for health benefits to occur.

Figure 3: (a) Vector Magnitude Counts across a single day accelerometer wear period (16 hours), for week 1 and a “typical” 
activity day. (b)Vector Magnitude Counts across a single day accelerometer wear period (16 hours), for week 1 with physical 
activity “infusions”.

Figure 1: Vector Magnitude Counts across the “Typical” and 
“Infusion” activity days, for both weeks.

Figure 2: Volume of Activity in minutes for the “Typical” and 
“Infusion” activity days, for both weeks.
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