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Abstract

Background: Commercially available pedometers have been used as tools to measure endpoints in studies
evaluating physical activity promotion programs. However, their accuracy in patients recovering from COPD
exacerbations is unknown. The objectives of this study were to 1) assess the relative accuracy of different
commercially available pedometers in healthy volunteers and 2) evaluate the accuracy of the top-performing
commercially available pedometer in patients recovering from COPD exacerbations following hospital discharge.
Methods: Twelve healthy volunteers wore 2 pedometers, 2 smartphones with pedometer apps and an accelerometer
for 15 minutes of indoor activity. The top-performing device in healthy volunteers was evaluated in 4 patients
recovering from COPD exacerbations following hospital discharge during 6 minutes of walking performed at
home. Bland-Altman plots were employed to evaluate accuracy of each device compared with direct observation
(the reference standard).

Results: In healthy volunteers, the mean percent error compared to direct observation of the various devices
ranged from -49% to +1%. The mean percent error [95% confidence interval (CI)] of the top-performing device
in healthy volunteers, the Fitbit Zip® was +1% [-33 to +35%)], significantly lower than that of the accelerometer
(-13% [-56 to +29%], p=0.01). The mean percent error [95% CI] for the Fitbit Zip® in patients recovering from
COPD exacerbations was -3% [-7 to +12%).

Conclusions: The accuracy of commercially available pedometers in healthy volunteers is highly variable. The
top-performing pedometer in our study, the Fitbit Zip,® accurately measures step counts in both healthy volunteers
and patients recovering from COPD exacerbations.

Abbreviations: chronic obstructive pulmonary disease, COPD; body mass index, BMI; forced expiratory volume in 1 second, FEVy; 6-minute
walk test, BMWT; standard deviation, SD; confidence interval, CI; modified Medical Research Council, mMRC; vector magnitude units, VMU
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Introduction

Deconditioning is common in patients with chronic
obstructive pulmonary disease (COPD) exacerbations
and leads to excessive fatigue, respiratory symptoms
with exertion and reduction in physical activity, which
together result in further deconditioning.!? Limited
physical activity is also associated with decreased
quality of life, more severe dyspnea and increased risk
of exacerbations, hospitalizations (including 30-day
rehospitalizations), and death.>™ Patients recovering
from COPD exacerbations have been shown to have even
lowerlevels of physical activity compared to patients with
stable COPD.'%!! Clinical trials have demonstrated that
pulmonary rehabilitation programs in clinical settings
that include early mobilization to increase physical
activity improve functional status and clinical outcomes
following COPD exacerbations.}? However, pulmonary
rehabilitation programs in hospitals or ambulatory care
settings are often inaccessible to patients following
COPD exacerbations.'® Moreover, there is a need for
validated tools to promote physical activity that can
be used outside of pulmonary rehabilitation and other
clinical settings.

Pedometers have been shown to be effective tools
in promoting physical activity in healthy adults
when combined with goal setting, feedback and self-
management education.'*  Similar programs using
commercially-available pedometers designed for
patients with stable COPD have also resulted in
increased levels of physical activity and improved
quality of life.!>1® However, physical activity promotion
programs have notbeen extensively evaluated in patients
recovering from COPD exacerbations, a population at
particularly high risk of adverse outcomes.!”18

The accuracy of commercially available pedometers
(including smartphone applications: apps) in relation to
accelerometers has not been evaluated in comparison

with direct observation in either healthy adults or
patients recovering from COPD exacerbations. As
patients with COPD may have differences in gait,
including decreased walk intensity, cadence and speed,
compared with healthy adults,'? it is crucial that these
commercially available pedometers be evaluated
for accuracy before being used in physical activity
promotion programs.

The objectives of this study were two-fold: 1) to
compare, in healthy volunteers, the relative accuracy
of commercially available pedometers to both direct
observation and an accelerometer commonly used in
clinical research, and 2) to evaluate the accuracy of
the top-performing commercially available pedometer
in patients recovering from COPD exacerbations. The
results of this study could aid in selecting a device
with sufficient accuracy for objectively monitoring
physical activity in patients recovering from COPD
exacerbations.

Methods

We conducted 2 sub-studies, each addressing one of the
study objectives.

Sub-study 1:

We sought to assess the validity of different pedometers
in healthy volunteers during indoor activities over 15
minutes, compared with direct observation. The results
of this sub-study were intended to guide the selection of
a commercially available device for sub-study 2. We did
not provide specific instructions for physical activity
to these healthy volunteers. A convenience sample of
12 healthy non-smoking adults (age 18 years or older)
was recruited for this sub-study. Age and gender of the
volunteers were recorded.

We selected a sample of low-cost (<$150)
wireless-enabled tri-axial (motion captured in the
horizontal, lateral and vertical axes) pedometers, and
smartphone-based apps that take advantage of tri-
axial accelerometers built into modern smartphones
(Table 1). We also measured physical activity using
an accelerometer commonly used in clinical research
(Actigraph® wGT3X-BT  [ActiGraph, Pensacola,
Florida]).2® Retail prices of the various devices were
obtained from online sources.?%?* The pedometers
and accelerometer were used according to the
manufacturers’ recommendations and instructions.
After the investigator attached the devices, each healthy
volunteer was asked to carry out their usual activities
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Table 1. Device Characteristics

Class Device  Output Position Retail

Worn Price

Smartphone  Runtastic® Step count, Pocket $0

Apps energy
expenditure,
distance
walked

Step count,
energy
expenditure,
distance
walked

Step count, Hip $60
energy

®

Moves Pocket $0

Pedometers  Fitbit Zip®
expenditure,
distance
walked

Fitbit Force® Step count,

Wrist $129
energy
expenditure,
distance
walked, stairs
climbed

Step count,

VMU, energy

Hip / Wrist $225 +

$1495
expenditure, for
analysis
software

Accelerometer Actigraph®

body position

VMU-=vector magnitude units

indoors while under direct observation by a trained
research assistant. Smartphones with pedometer apps
(Moves® and Runtastic®) were carried in the front pants
pockets, the Actigraph® and Fitbit Zip® were attached
to the participant’s waist, and the Fitbit Force® was
worn on the participant’s non-dominant wrist. This field
study was conducted indoors to approximate the type
of physical activity that may be observed in patients
recovering from COPD exacerbations.®

Sub-study 2:

In sub-study 2 we used the device with the lowest
error compared to direct observation established in
sub-study 1. Sub-study 2 took place in the homes of
patients recovering from COPD exacerbations within
one month of hospital discharge. Patients were eligible
to participate if they had a physician diagnosis of COPD
exacerbation, were able to walk unaided (e.g, without a
walker or cane) and provided written informed consent.
Participants were instructed to walk for up to 6 minutes

to mimic the duration of activity promotion used in
previous studies.?>2®  We also collected age, gender,
weight and height (for calculating body mass index
[BMI]; kg/m?), post-bronchodilator percent predicted
forced expiratory volume in 1 second (FEV)), time
walked during a 6-Minute Walk Test (6MWT, minutes),
and resting Borg dyspnea and fatigue scores (0-10,
higher scores indicate more severe dyspnea and fatigue,
respectively).?’?° The study was approved by the
institutional review board at the University of Illinois at
Chicago.

Analyses

For both sub-studies, directly observed step counts were
the reference standard. Descriptive statistics employed
proportions, mean (standard deviations [SD]), or median
(range), as appropriate. Bland-Altman analyses were
performed to calculate the mean percent error (reference
standard-calculated/reference  standard*100%) and
95% confidence interval (CI) between step counts
calculated by each pedometer versus the reference
standard.3° Paired t-tests were also used to compare the
error for each device with the error of the Actigraph®.
All analyses were performed using SAS® (Cary, North
Carolina).

Results

Sub-study 1

All 12 participants were under the age of 40 years and
7 were female. Assessed by direct observation, healthy
volunteers walked a mean of 120 steps (SD = 53) over 15
minutes. The mean percent error for the various devices
ranged from -49% to +1% (-62 to -2 steps) (Figure 1).
The mean percent error [95% CI] of the accelerometer
was -13% [-56 to +29%] or -20 steps [-62 to +21 steps].
The Fitbit Zip® had a significantly lower mean percent
error (+1% [-33 to +35%]; -2 steps [-42 to +37 steps])
compared to the accelerometer (p=0.01). The Moves®
and Runtastic® apps performed significantly worse than
the accelerometer (p<0.05).

Sub-study 2

The 4 participants in this sub-study were men with a
mean age of 69 years (SD=10) and mean BMI of 23kg/
m? (SD=2). The mean % predicted post-bronchodilator
FEV: for these participants was 33% (SD=5). The
participants had a median resting Borg dyspnea and
fatigue scores of 2 (range 0.5-4) and 1 (range 1-5),
respectively. They walked a mean of 3.8 minutes
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Figure 1. Relative Accuracy of the
Different Commercially Available
Pedometers
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Bars represent standard deviation. Smartphones with pedometer apps (Moves®
and Runtastic®”) were carried in the front pants pockets, the Actigraph® and
Fitbit Zip® were attached to the participant’s waist, and the Fitbit Force® was
worn on the participant’s non-dominant wrist. Each of the healthy volunteers
wore all devices concurrently.

(SD=0.6), during which they walked a mean of 320
steps (SD=102) as measured by direct observation. The
mean percent error (95% CI) for the Fitbit Zip® in this
population was -3% (-7 to +12%) (Figure 2), or 6 steps
(-14 to +25 steps).

Discussion

Our results indicate that commercially available
pedometers (including pedometer apps) have variable
levels of step count accuracy when compared to direct
observation and an accelerometer. Interestingly, one
of the pedometers (the Fitbit Zip®), outperformed an
accelerometer commonly used in clinical research
studies (Actigraph®). When compared with direct
observation, the Fitbit Zip® performed exceedingly
well in both healthy volunteers and patients recovering
from COPD exacerbations. The increased accuracy
of the Fitbit Zip® in patients recovering from COPD
exacerbations compared to the healthy volunteers is
related to the design of the pedometer’s proprietary
algorithm; however, there may be other reasons for the
observed findings as well.

Although previous studies have examined the
validity of accelerometers3! commercially available
pedometers,323% and even a pedometer smartphone

Figure 2. Bland-Altman Plot Showing
Accuracy of the Fitbit Zip® Compared
to Direct Observation in (A) Healthy
Volunteers and (B) Patients Recovering
from COPD Exacerbations

100

2
o=
3
8
a 50
I
B e b e e e B e e e e e e e
o
3
e
3 *
=3
- *» &
S o & e - LK
= 50 * 100 150 200
3
4
©
&
2  eecccccccccccccccccccccccccccccccccccceea=s
2 -50
o
L *
I
o
Mean === 95%Cl

-100

250
2
=4
3 150
o
Q
3
&
o
o]
& 50
T  reccccccccccccrccccccccccccccccccaccas
= 3 -
S it ot s R s i
° 100 200 300 400 500
S -50
<
©
&
8
c
o
o -150
Q
o

—Mean === 95%Cl

-250

app,>® to our knowledge this is the first study to evaluate
them concurrently and in comparison with direct
observation. Furthermore, while a previous study in
patients with stable COPD evaluated energy expenditure
estimates using a commercially available device
(Fitbit Ultra® [Fitbit Inc, San Francisco, California])
compared to an accelerometer (SenseWear Armband®
[BodyMedia Inc, Pittsburgh, Pennsylvania]},34 we are
not aware of any studies examining the accuracy of step
count measurements in patients recovering from COPD
exacerbations.

Our current study focused on step counts, as lower
daily step counts in patients with COPD are associated
with a range of adverse surrogate clinical outcomes,
including elevated inflammatory biomarkers (C-reactive
protein and IL-6), lower functional capacity (6-minute
walk distance), more severe dyspnea (modified
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Medical Research Council [mMRC] score) and, higher
risk of COPD-related hospitalizations or all-cause
mortality.”"3%37 While these commercially available
pedometers also measure other markers of physical
activity, including energy expenditure, daily distance
walked and active time, these other measures are less
well studied in terms of their relation with important
clinical outcomes, such as rehospitalizations or all-
cause mortality.

Our study has a number of limitations. First, healthy
volunteers in sub-study 1 were only monitored indoors
for a short period of time (15 minutes) and their
activities were not standardized. However, the goal of the
sub-study was to characterize the step count accuracy
of different pedometers that would approximate the
level of physical activity that would likely be seen
in patients recovering from COPD exacerbations in
sub-study 2.° Indeed, in sub study 2, we found that
patients recovering from COPD exacerbations have
very low walk times (mean of 3.8 minutes) during a
6MWT. Additional studies are needed to evaluate the
accuracy of the top-performing pedometers over longer
periods of observation for better characterization of
these devices. Second, in sub-study 2 we only enrolled
a small sample of patients recovering from COPD
exacerbations following hospital discharge. Additional
studies with larger numbers of patients recovering from
COPD exacerbations are needed to confirm our results
in more diverse populations.

The findings of our study have several implications.
The high level of accuracy of the low-cost Fitbit Zip®
($60) we examined in sub-study 2 opens the door
for the development and evaluation of home-based
physical activity promotion programs with objective
measures of physical activity in patients recovering
from COPD exacerbations following hospital discharge.
Such programs are needed as the majority of the studies
to date have focused on physical activity promotion in
individuals with stable COPD, highlighting the potential
significance of our findings. The wireless connectivity
feature of current devices, including the Fitbit Zip®,
allows real-time monitoring of physical activity
performance as part of a home-based exercise program.
Newer generation pedometers now also include heart

rate monitors and even pulse oximeters highlighting
the potential for the development of even more
sophisticated physical activity promotion programs
that monitor heart rate and oxygen saturation.®®3°
Additionally, the results of our study suggest that
some accelerometers (Actigraph® may have worse
performance characteristics for assessing step counts
than commercially available pedometers. Together,
our findings highlight the importance of validating the
performance of physical activity measures before they
are deployed in specific patient populations.

In conclusion, commercially available pedometers
have variable levels of accuracy. The Fitbit Zip® is
a low-cost commercially available pedometer that
outperformed a commonly used accelerometer when
compared to direct observation in healthy volunteers.
Moreover, the Fitbit Zip® performed exceedingly well
compared to direct observation in patients recovering
from COPD exacerbations. The results of this study
could be used to inform the selection of devices for
objective monitoring of physical activity in patients
recovering from COPD exacerbation following hospital
discharge.
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