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Accuracy of the ActivPAL and Fitbit Charge 2 in measuring step count in Cystic 
Fibrosis
Maire Curran BSc, PT a,b,c, Audrey Tierney BSc, PhD, RD a,c,d,e, Louise Collins BSc, PT b, Lauren Kennedy BSc, 
PTb, Ciara McDonnell BSc, PTb, Ali Sheikhi BSc, PhDc, Cathal Walsh PhD, BA, MA c,  Brian Casserly MD b, 
and Roisin Cahalan BSc, PhD, PT a,c,f

aSchool of Allied Health, Faculty of Education and Health Sciences, University of Limerick, Limerick, Ireland; bUniversity Hospital Limerick. 
Limerick, Ireland; cHealth Research Institute, University of Limerick, Limerick, Ireland; dHealth Implementation Science and Technology 
Research Group, Health Research Institute, University of Limerick, Limerick, Ireland; eDepartment of Dietetics, Nutrition and Sport, La Trobe 
University, Melbourne, VIC, Australia; fPhysical Activity for Health Research Cluster, Health Research Institute, University of Limerick, Limerick, 
Ireland

ABSTRACT
Background: Physical activity (PA) is important in Cystic Fibrosis (CF) management. Fitness wear
ables are becoming increasingly popular as measurement tools of PA; however, the accuracy of 
these devices should first be evaluated.
Objective: The purpose of this study was to assess the accuracy of the ActivPAL and Fitbit Charge 2 
as a measure of step count in Cystic Fibrosis.
Methods: Twenty-one participants were recruited from an adult CF Center in Ireland for a single 
session of testing. Participants walked for 5 min at five pre-determined speeds in a controlled 
testing environment (2, 2.5, 3, 3.5 and 4 miles per hour on a treadmill) and at three self-selected 
speeds in a corridor (slow, medium, and fast). They concurrently wore an accelerometer (ActivPAL) 
and fitness wearable (Fitbit Charge 2), and both were compared to visual observations. Step count 
is the outcome being assessed.
Results: The ActivPAL under-estimated step count by 0.63% across treadmill speeds and 1.1% 
across self-selected walking speeds. The Fitbit Charge 2 underestimated the step count by 2.97% 
across treadmill speeds and by 6.3% across self-selected walking speeds. Very strong correlations 
were found between the ActivPAL and visual observations (r: 0.93 to 0.99), while the Fitbit Charge 
2 ranged from weak to very strong correlations when compared to visual observations (r: 0.34 to 
0.84).
Conclusion: The ActivPAL and Fitbit Charge 2 demonstrated acceptable validity for step count 
measurement in CF. These devices can be used for tracking PA during interventions in people with 
CF.
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Introduction

Cystic Fibrosis (CF) is a life limiting and complex multi
system disease (Quon and Aitken, 2012). CF is primarily 
characterized by dysfunction of the respiratory and 
digestive systems including chronic respiratory infec
tions, progressive respiratory failure, pancreatic insuffi
ciency, liver failure, male infertility, and CF-related 
diabetes (Stoltz, Meyerholz, Welsh, and Longo, 2015). 
Physical activity (PA) is regarded as an important com
ponent in the management of CF (Castellani et al.,  
2018). Higher levels of PA and exercise have been 
shown to improve: quality of life (Hebestreit et al.,  
2010); bone density (Gupta et al., 2019); and sputum 
expectoration (Kriemler et al., 2013). PA can reduce the 
rate of decline of lung function (Schneiderman et al.,  

2014) and can improve aerobic capacity (Hebestreit 
et al., 2010), both of which are linked to improved 
survival in CF (Nixon, Orenstein, Kelsey, and 
Doershuk, 1992).

Subjective measurements, such as questionnaires, are 
a relatively inexpensive and easy way to evaluate PA 
levels (Bradley, Kent, Elborn, and O’Neill, 2010). 
However, they are often prone to over-reporting PA 
and under-reporting sedentary behavior across the gen
eral population (Dyrstad, Hansen, Holme, and 
Anderssen, 2014). Therefore, objective measurements, 
such as pedometers, accelerometers, and fitness wear
ables may provide value in assessing and increasing PA.

One device used to assess PA is the ActivPAL (AP). 
The AP (PAL Technologies Ltd) is an accelerometer that 
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records sitting, standing, and walking in a single unit 
device and can estimate energy expenditure. It is small 
and slim and is worn on the thigh. One study completed 
among healthy adults reported that the AP has appro
priate validity for step count, with <1.1% step count 
error, regardless of walking speed (Ryan, Grant, Tigbe, 
and Granat, 2006). Similarly, another study among com
munity dwelling older adults reported that the AP can 
accurately record step number and is valid, also with 
<1% error (Grant, Dall, Mitchell, and Granat, 2008).

In recent years, there has been an increase in the 
number of fitness wearables available, providing health
care providers with objective measures of PA levels and 
exercise behaviors (Chiauzzi, Rodarte, and 
DasMahapatra, 2015). As a result, independent evalua
tion of the accuracy of the metrics from fitness wearables 
has increased (Wright, Hall Brown, Collier, and 
Sandberg, 2017). However, our understanding of the 
performance of these devices is still largely unknown. 
Fitbit is the most studied brand of fitness wearables 
(Fuller et al., 2020). The Fitbit Charge 2 (FC2) fitness 
device (Fitbit Inc) is worn on the wrist and aims to 
provide the wearer with real-time feedback on PA para
meters such as step count and time spent on various 
levels of activity. Additional features of the device 
include estimating energy expenditure and time spent 
asleep, although the accuracy of these parameters has 
been found to be poor (Feehan et al., 2018). The Fitbit 
allows for PA levels to be tracked longitudinally, which 
enables the user to monitor their activity levels and 
could allow healthcare professionals to tailor PA advice 
and recommendations, and as a result encourage main
tenance or an increase in PA behavior (Paul et al., 2015). 
However, prior to using the FC2 in a research setting or 
in PA promotion more information on accuracy is 
required.

Several studies have assessed the accuracy of the wrist 
worn FC2 in different populations. One study in older 
adults showed that the FC2 overestimated steps by 
12.3% against previously validated technology over 
a 24-h protocol (Tedesco et al., 2019). While a study 
among college students found that the FC2 underesti
mated steps by 4.54% in a controlled walking setting 
(Keating et al., 2018).

While previous research has assessed these devices 
among other populations and under varying test condi
tions, we are unable to assume that AP and FC2 are 
accurate methods of recording step counts in people 
with CF (PWCF). A systematic review evaluating 
motion sensors in CF suggests that research should 
aim to identify the accuracy of such devices to evaluate 
their effectiveness, prior to investigating these devices in 
interventions to increase PA (Bradley, Kent, Elborn, and 

O’Neill, 2010). Technology informing fitness wearables 
is constantly evolving; however, establishing accuracy 
prior to using such devices in clinical trials is warranted 
but also crucial for clinical trials. This study intends to 
inform a subsequent research study to optimize PA in 
PWCF through the use of a fitness wearable (Curran 
et al., 2020). A recent systematic review aimed to synthe
size the literature in this area and concluded that Fitbit 
devices had a tendency to underestimate steps in 
a controlled testing environment and overestimate 
steps in free-living conditions (Feehan et al., 2018). 
However, studies in this review included a variety of 
Fitbit devices that were evaluated under diverse testing 
conditions in numerous populations. Most studies 
included healthy individuals, and some evaluated their 
accuracy in individuals suffering from chronic condi
tions such as multiple sclerosis, post stroke, and cardiac 
conditions, thereby limiting the application and trans
ferability of such research to people with PWCF.

Both the AP and FC2 devices have been widely used 
in previous research and measure important determi
nants of PA (Edwardson et al., 2017; Feehan et al., 2018). 
They have become increasingly popular in recent years 
with technological advancements as measurement tools 
in PA and also for health promotion (Bunn, Navalta, 
Fountaine, and Reece, 2018; Mercer et al., 2016). 
Determining the accuracy of these devices would assist 
health professionals in determining if such devices are 
appropriate for use in PWCF. This study aimed to 
determine the criterion validity (Mokkink et al., 2012) 
(accuracy) of the AP and FC2 to record step count 
compared to visual observations.

Methods

This study involved a single session of testing, as per 
previous validation studies investigating activity moni
tors (Grant, Dall, Mitchell, and Granat, 2008; Ryan, 
Grant, Tigbe, and Granat, 2006; Takacs et al., 2014). 
This study was conducted in accordance with 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) checklist. This study was 
divided into two parts. Part one involved a controlled 
laboratory test that required participants to walk at five 
pre-determined speeds on a treadmill. The second part 
investigated three self-selected speeds (i.e. slow, med
ium, and fast) in a corridor. Observer step count was 
considered the criterion measure for steps, similar to 
previous validation studies (Dwyer et al., 2009; Paul 
et al., 2015; Sushames et al., 2016; Swartz et al., 2003). 
A step was defined as the initial point of contact of one 
foot to the initial point of contact of the opposite foot 
(Levine, Richards, and Whittle, 2012). This was recorded 

PHYSIOTHERAPY THEORY AND PRACTICE 2963



by the observer using a clicker to determine the total 
number of steps. Walking trials were video recorded, for 
both parts using one video camera (JVC Everio Model 
GZ-MS210BEK) that was placed directly behind the 
participant. A randomly selected subset (50%) of these 
were reviewed to verify the step count. This video foo
tage was reviewed by a second independent assessor not 
involved in the study analysis in order to verify step 
count. If the difference in the direct observations were 
greater than 10 steps, the footage was viewed a second 
time by both reviewers and this revised estimate was 
used (Sushames et al., 2016). The rationale behind the 
video was as an added layer of confirmation to further 
enhance the robustness of this study.

Participants

Twenty-one participants were recruited from the 
Adult CF Center at University Hospital Limerick, 
Ireland. In order to be eligible for inclusion, partici
pants were required to have a confirmed diagnosis of 
CF (based on CF-causing mutations and/or a sweat 
chloride concentration during two tests of >60 mmol/ 
l) and be able to walk unaided for at least 40 min. 
Exclusion criteria included any neurological disorder, 
cognitive disorder, or musculoskeletal injury that 
would impair walking. Informed consent was 
obtained from all participants, and ethical approval 
was obtained from the University Hospital Limerick 
Research Ethics board. Sample size was calculated 
based on the level of agreement between the two 
measures. An ICC > 0.8 would detect at least 
a moderate relationship between the step count data 
of the devices (Evenson, Goto, and Furberg, 2015). 
To achieve 95% power, at a 0.05 level test to reject 
the null hypothesis that the ICC is less than or equal 

to 0.8, a minimum of 14 participants would be 
required.

Measurement of demographic data

Sex, age, height, weight, and lung function were 
recorded at baseline. Spirometry was conducted as per 
the American Thoracic Society (ATS) standard techni
ques (Miller, 2005). Values are expressed as a percentage 
of the predicted values for height, sex, and age for adults 
(Hankinson, Odencrantz, and Fedan, 1999).

Devices

The AP model is triaxial (ActivPAL3) (Figure 1) and the 
sampling frequency was 20 Hz with a dynamic range of 
± 2 gravitational (g) units. The device weighs 20 g (5 cm 
x 3.5 cm x 0.7 cm) and measures sitting, standing, and 
walking and can provide step count data based on lower 
limb movement. We derived the step count to be com
pared to our criterion measure (observation). Prior to 
each walking speed, the AP monitors were connected to 
the software and programmed to begin recording 
straight away. This was completed on a flat surface 
next to the participant. There was one AP device for 
each walking speed. The device was placed one-third of 
the distance between the patella and inguinal crease at 
the midline of the anterior surface of the participant’s 
right thigh by the same researcher and secured with 
adhesive dressing (tegaderm), similar to previous 
research (Aguilar-Farías, Brown, and Peeters, 2014; 
Montoye et al., 2017). Data is downloaded and analyzed 
using proprietary algorithms.

The FC2 (Figure 1) weighs 23 g (14 cm x 17.6 cm 
x 1.4 cm) and measures step count, distance, active min
utes, and sleep. The FC2 collects data in 60 second epochs. 

Figure 1. ActivPAL and Fitbit Charge 2.
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FC2 is a microelectromechanical triaxial accelerometer 
that converts raw acceleration to step counts using pro
prietary algorithms (Dinesh and Freedson, 2012). We 
derived the step count to be compared to our criterion 
measure (observation). The FC2 was applied by the same 
researcher to the non-dominant wrist of the participant 
using a fitted band. Step count was taken from 
a cumulative figure; therefore, the step count was recorded 
at baseline and after each walking trial. The display on the 
Fitbit illustrates step number, time, and date with options 
to view heart rate, distance, active minutes, and calories.

Protocol

Treadmill walking
Participants were instructed and familiarized with the 
use of the treadmill prior to starting the test as part of 
their routine physiotherapy review appointments. They 
were asked not to use the handrails on the treadmill. The 
AP and FC2 were applied to the participants as described 
previously. Prior to the treadmill trials, the participant sat 
on a chair that was placed on the treadmill. The AP was 
kept in a horizontal position and placed directly onto the 
right thigh and secured with tegaderm. Participants then 
walked at five different speeds (2, 2.5, 3, 3.5 and 4 miles 
per hour (mph)) for 5 min each as per previous studies 
(Le Masurier, Lee, and Tudor-Locke, 2004; Le Masurier 
and Tudor-Locke, 2003; Ryan, Grant, Tigbe, and Granat,  
2006; Takacs et al., 2014). The rationale for walking for 5 
min was replicating methods of other researcher groups. 
Furthermore, we were cognizant of participant fatigue, 
particularly with varying levels of lung function and so 
we felt 5 min would be sufficient at each speed. At the 
end of the trial, the treadmill was stopped, and a chair 
was placed on the treadmill, directly behind the partici
pant. Once the participant sat down, the AP was 
removed, again kept in a horizontal position to avoid 
additional steps being incorrectly counted and was 
placed onto the table and immediately downloaded 
using the AP software. This was repeated for each 
speed. The acceleration and deceleration phases of walk
ing were included as it was not possible to distinguish 
these from each of the trials. Each speed was picked at 
random. Speed order was established by the participants 
selecting folded pieces of paper randomly from an envel
ope. They were provided with a rest period between each 
speed. Participants rested on a chair that was placed 
directly behind them on the treadmill itself at the end 
of the trial once the treadmill had come to a stop. Step 
count was recorded with a clicker by an independent 
assessor (physiotherapist) not otherwise involved in the 
study. Step count was recorded from the cumulative 
figure on the FC2 and deducted from the previous figure 

to attain a step count for each walking trial. At the start 
of the next trial the FC2 steps were documented in case 
there were additional steps/arm swings during the rest 
period.

Self-selected walking
Participants were then asked to walk in the outpatient 
corridor of the Adult CF Center, at a self-selected walk
ing speed for slow, medium, and fast pace, for 5 min 
each. Slow pace was described as easy relaxed walking 
pace, medium was described as able to maintain 
a conversation while walking, and fast was described as 
unable to maintain a conversation while walking. 
A similar setup was applied for the self-selected walking 
trials whereby a chair was placed at the starting position. 
The AP was programmed and applied directly onto the 
participant’s right thigh by the researcher and secured 
with tegaderm. Participants were asked to walk for 5 min 
around two cones set 10 m apart, while step count was 
again recorded by an independent observer using 
a clicker. At the end of the five-minute trial, the partici
pants were asked to stop where they were. A chair was 
placed directly behind them and they were asked to sit 
down while the AP was removed. The AP was connected 
to the software and data was immediately downloaded. 
Step count data from the observer and the FC2 were 
recorded. At the start of the next trial, the FC2 steps were 
documented (in case there were additional steps/arm 
swings during the rest period).

Statistical analyses

Data were visually inspected by histogram plots, and 
the data were determined to be normally distributed 
and therefore descriptive data are presented as mean ± 
standard deviation (SD). The software package SPSS 
(version 24) was used for all analysis. Criterion valid
ity was assessed in this study compared the step count 
results from both devices to the observer count. In 
order to assess device validity, the following tests were 
conducted: Pearson correlation coefficients; Bland– 
Altman plots; and absolute mean percentage 
difference.

Pearson correlation coefficients were calculated to 
determine the correlation between both devices to 
observer count. Correlation coefficients can be used to 
rank the order of the devices at each speed according to 
their correlation with the observer (Salkind, 2006). 
Correlations for the absolute value of r were: 0.00–0.19 
“very weak”; 0.20–0.39 “weak”; 0.40–0.59 “moderate”; 
0.60–0.79 “strong”; 0.80–1.00 “very strong” (Evans,  
1996). In constructing the Bland–Altman plot, the 
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y-axis represents the difference between the observer 
and the AP/FC2 estimates, and the x-axis represents 
the mean of the two estimates. The narrower the limits 
of agreement, the more accurate the measurement 
device.

Results

Participant age, baseline anthropometry, and lung func
tion were collected at the start of testing. Twenty-one 
participants (15 F, 6 M) completed this study with 
a mean age of 25.3 years (±5.98), mean BMI of 
21.7 kg/m2 (±3.3), mean FEV1 of 64.8% (±29) and 
mean FVC of 83% (±24.8). CFTR genotypes were: 
homozygote delF508 (n = 12); delF508/G55ID (n = 3); 
delF508/1717 GA (n = 2); delF508/3007delg (n = 2); and 
DelF508/C2052delA (n = 2). Video recordings of ran
domly selected walking speeds at both treadmill and 
self-selected speeds were reviewed, and the difference 
between measures was not greater than 10 steps for 
any of the trials. This confirms the validity of the obser
ver count.

Treadmill walking

Step count data for overall results for the AP and FC2 
are presented in Table 1. Table 2 presents a summary of 
AP, FC2, and observer count for steps across all speeds. 
Bland–Altman plots were used to assess the level of 
agreement between the AP and the observer, and simi
larly between the FC2 and the observer.

AP against observer
Overall, the AP underestimated the number of steps by 
0.63% across all treadmill speeds (Table 1). When 

investigating individual speeds, the AP had a 2.6 step 
count difference at 2mph (0.5% under-estimation) when 
compared to observer step count. The largest difference 
was 6.6 steps at 4mph (1% under-estimation) (Table 3). 
The AP correlated very strongly with observer step 
count (r = 0.95 to 0.99, p = .0005) (Table 4). The 
Bland–Altman plots demonstrated narrow limits of 
agreement (Figure 2).

FC2 against observer
The FC2 under-estimated step count by 2.97% across 
all treadmill speeds (Table 1). The FC2 was most 
accurate at 2 mph where a difference of 13.7 steps 
was calculated, equating to an underestimation of 
steps by 2.8%. The most significant difference in 
step count during treadmill testing was at 3.5 mph, 

Table 1. Overall % difference for ActivPAL and Fitbit Charge 2 
across treadmill walking speeds and self-selected walking 
speeds.

ActivPAL Fitbit Charge 2

Treadmill walking speeds % difference 0.63% 2.97%
Self-selected walking speeds % difference 1.1% 6.3%

Table 2. Summary of ActivPAL, Fitbit Charge 2 and Observer Count for steps across all speeds.
ActivPAL Fitbit Charge 2 Observer Count

Mean SE (95% CI) Mean SE (95% CI) Mean SE (95% CI)

2mph 488 6.4 (485.2, 502.4) 476.9 8.2 (459.5, 494.4) 490.6 7 (475.5, 505.6)
2.5mph 539.2 6.6 (525.2, 553.2) 527.2 6.14 (514.1, 540) 543.5 6.7 (529.2, 557.7)
3mph 580.2 5.5 (568.6, 591.85) 556.7 9.7 (535.9, 577.5) 583.8 5.7 (571.6, 596.2)
3.5mph 615.1 6.3 (601.7, 628.4) 587.4 12.4 (561.1, 613.8) 618.6 6.8 (604.1, 633.1)
4mph 649.5 8.1 (632.4, 666.6) 632.3 11.6 (607.7, 656.8) 656.1 8.4 (638.3, 673.9)
Slow 554 8.4 (536.3, 571.6) 531.9 10.6 (509.7, 554.2) 562.4 9.4 (542.6, 582.2)
Medium 596.5 6.9 (582.1, 610.9) 572.7 8.2 (555.7, 589.8) 600.5 7.2 (585.4, 615.6)
Fast 637.2 6.2 (624.3, 650.1) 589.9 11.5 (565.7, 614.1) 643.6 6.9 (629.2, 658.1)

CI: confidence interval, SE: Standard error

Table 3. Mean Absolute Difference and % difference in steps 
between ActivPAL and Fitbit Charge 2 when compared to obser
ver step count – treadmill walking and self-selected speeds.

Speed

Mean Absolute 
Difference in 

Steps (AP)
% 

Difference

Mean Absolute 
Difference in Steps 

(FC2)
% 

Difference

2mph 2.6 0.5% 13.7 2.8%
2.5mph 4.3 0.8% 16.3 3.1%
3mph 3.6 0.6% 27.1 4.8%
3.5mph 3.5 0.6% 31.2 5.3%
4mph 6.6 1% 23.8 3.7%
Slow 8.4 1.5% 30.5 5.7%
Medium 4 0.7% 27.8 4.9%
Fast 6.4 1% 53.7 9.2%

Table 4. Pearson correlation co-efficients for the AP with the FC2 
when compared to observer step count for both treadmill walk
ing and self-selected speeds (r and p values).

Speed
ActivPAL 
r values

ActivPAL 
p values

Fitbit Charge 2 
r values

Fitbit Charge 2 
p values

2mph 0.95 .000* 0.84 .000*
2.5mph 0.99 .000* 0.78 .000*
3mph 0.96 .000* 0.49 .024*
3.5mph 0.99 .000* 0.51 .019*
4mph 0.96 .000* 0.40 .000*
Slow 0.96 .000* 0.72 .000*
Medium 0.94 .000* 0.34 .135
Fast 0.93 .000* 0.56 .008*

Mph: Miles per hour, *: statistically significant (p < 0.05)
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where a mean absolute difference of 31.2 steps was 
noted, highlighting that the FC2 underestimated steps 
by 5.3%, when compared to the observer count 
(Table 3). The FC2 demonstrated weak to very strong 

correlations with the observer step count (r ranging 
from 0.40 to 0.84, p = .024 to 0.0005) (Table 4) and 
wider limits of agreement when compared to the AP 
(Figure 3).

Figure 2. Bland Altman plot comparing average steps for the Observer step count and ActivPAL at 2mph. Solid line indicates the mean 
difference between the two measures, dashed lines indicate the limits of agreement (1.96 SDs of the mean difference).

Figure 3. Bland Altman plot comparing average steps for the Observer step count and Fitbit at 2mph. Solid line indicates the mean 
difference between the two measures, dashed lines indicate the limits of agreement (1.96 SDs of the mean difference).
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Self-selected walking speed

Walking speeds for self-selected pace were 1.03 m/s for 
slow speed, 1.18 m/s for medium speed, and 1.41 m/s for 
fast walking.

AP against observer
Across all self-selected walking speeds, the AP under- 
estimated step count by 1.1%. Small differences in step 
count during each specific self-selected walking speed is 
presented in Table 3. The largest variance was at slow- 
walking speed with a mean absolute difference of 8.4 
steps (1.5% under-estimation) when compared to the 
observer count, while at a medium pace this was just 4 
steps (0.7% under-estimation). In addition, the AP was 
very strongly correlated with the observer count 
(r = 0.93 to 0.96, p = .0005) (Table 4) with narrow limits 
of agreement as illustrated by the Bland–Altman plots.

FC2 against observer
The FC2 under-estimated the step count by 6.3% across 
all self-selected walking speeds. The absolute mean dif
ference of 27.8 steps (4.9% under-estimation) was noted 
during this self-selected “medium” speed (Table 3). In 
contrast, the greatest disparity in step count was noted in 
“fast” walking. There was a difference of 53.7 steps 
between both absolute means (FC2 and observer) equat
ing to a step count under-estimation of 9.7%. 
Correlations varied from weak to strong (r = 0.34 to 
0.72) and was not significant only at the “medium” 
speed (Table 4) with wider limits of agreement as illu
strated by Bland–Altman plots.

Discussion

PA is highly recommended in CF as a key component in 
the management of this disease (Castellani et al., 2018). 
Recent technological advances have resulted in the pop
ular use of fitness wearables in the evaluation of PA, 
particularly walking. As such, robust evaluation of the 
properties of such devices is required. This study com
pared the accuracy of the AP and the FC2 against obser
ver step count in a CF population in a controlled 
treadmill condition and in self-selected free walking. 
The results indicate that the AP under-estimates step 
count by 0.63% during controlled walking speeds (2 
mph, 2.5 mph, 3 mph, 3.5 mph and 4 mph) and by 
1.1% in self-selected (i.e. slow, medium, and fast) walk
ing speeds. The AP is accurate across all walking speeds. 
The FC2 is more accurate with treadmill walking speeds 
with a 2.97% underestimation of steps while at self- 
selected walking speeds it under-estimates step count 
by 6.3% overall.

ActivPAL

The AP had a low absolute mean percentage step differ
ence (<1.1%) and correlated very strongly with the 
observer, which suggests that the AP is a valid measure 
to assess step count in PWCF. This is similar to a study 
evaluating the validity of the AP in a healthy population 
(Ryan, Grant, Tigbe, and Granat, 2006). Ryan, Grant, 
Tigbe, and Granat (2006) also found an absolute percen
tage error of <1.11% for step count. A similar methodo
logical approach was used across our study and in the 
study by Ryan, Grant, Tigbe, and Granat (2006) thereby 
endorsing the applicability and extractability of these 
results. In another respiratory population, the validity 
of the AP was not accurate at slow speeds in patients 
with chronic obstructive pulmonary disease (mean 
0.56 m/s) (Cindy Ng, Jenkins, and Hill, 2012). 
However, the speed tested was substantially slower 
than the slow walking speed observed in our study 
(1.03 m/s). In a chronic low back pain population the 
AP also demonstrated validity for measuring step count 
with limits of agreement less than 1% (Ryan et al., 2008), 
similar to the findings of our study.

Fitbit charge 2

Overall, the FC2 demonstrated moderate validity when 
compared to the observer count. The FC2 had a 2.97% 
under-estimation of steps in treadmill walking and 
a 6.3% under-estimation in self-selected walking speeds 
with a weak to strong correlation with the observer. 
Globally, there is no consensus on what is an acceptable 
degree of error for PA wearables. Some research suggests 
that mean errors of 20% or less have acceptable validity 
for clinical purposes (Schneider, Crouter, Lukajic, and 
Bassett, 2003). While other research suggests that step 
count monitors that are within 3% of the manual count 
are considered to be “extremely accurate,” while those 
within 10% are considered “acceptable” (Schneider, 
Crouter, and Bassett, 2004; Tudor-Locke et al., 2006). 
Taking the latter and more conservative figures, into 
consideration, the FC2 could be considered accurate 
for measuring step count during controlled walking 
and acceptable for PA promotion purposes. 
Furthermore, a recently published systematic review 
evaluating the effectiveness of several Fitbit devices 
reported that such devices may acceptably underesti
mate steps within ± 3% for controlled settings and ± 
10% in self-selected conditions (Feehan et al., 2018), 
which is similar to our study’s findings. Feehan et al. 
(2018) found that step count accuracy varied with speed 
of ambulation and placement of the device. This is con
sistent with other reviews on PA wearables (Evenson, 
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Goto, and Furberg, 2015; Fuller et al., 2020). 
Furthermore, it should be noted that the accuracy in 
free living varied according to the reference grade cri
terion measure. For example, the Fitbit step count was 
within ± 10% in 3/5 wrist worn Fitbit studies when 
compared to the AP or Actigraph. However, in one 
study a 35% step count discrepancy was found between 
a Fitbit device worn on the torso compared to an Omron 
pedometer worn on the ankle (Feehan et al., 2018).

Fitbits are widely available and have become increas
ingly popular in recent years as a means to monitor and 
promote PA. However, in research settings, accuracy is 
variable due to factors including differences between 
devices used, placement of such devices and variability 
in the study protocols. The results from our study are 
similar to previous research conducted in a healthy 
population investigating the Fitbit Flex (Sushames 
et al., 2016) where it underestimated step count, 
although not to the same extent (2.97% in our study 
vs. 15% in a controlled walking task). In the same study, 
a 21.2% step count difference was noted in free living 
over 7 days (Sushames et al., 2016). If one is to consider 
this 6.2% step count difference found by Sushames et al. 
(2016) between controlled and free living environments, 
by the same logic, this may infer that a step-count 
underestimation of the FC2 up to 9.17% could be 
expected in a free living environment in PWCF. 
However, it must be noted that Dierker and Smith 
(2014) found no significant difference in step count 
using a seven-day trial. This difference may be attributed 
to variability in wear time. Sushames et al. (2016) asked 
participants to remove the device during water-based 
activities, while Dierker and Smith (2014) requested 
participants to remove the devices during exercise. 
Similarly, previous research in the Fitbit One found no 
significant difference between the device and the obser
ver count and also had <1.3% error (Takacs et al., 2014). 
Fuller et al. (2020) summarized that the Fitbit was the 
most extensively researched PA wearable and it can 
accurately measure steps in a controlled setting.

Implications for practice

While both the AP and FC2 demonstrated appropriate 
levels of accuracy, it should be noted that PA research 
must additionally consider the practicality of such 
devices for use in research. Some of the key considera
tions include the ability to blind participants from their 
PA data and also acceptability of the participants to wear 
a PA device. While the AP was more precise in terms of 
both treadmill and self-selected walking, it does not 
provide the wearer with direct and continuous feedback 
on ongoing step count like the FC2 provides. However, 

this can be advantageous in research, which aims to 
blind the participants from their data. Using the AP 
for initial assessment of PA behavior may be valuable 
as the participant is blinded to their results. Conversely, 
the use of the FC2 may hold further potential to impact 
the PA levels of the wearer when used as part of an 
intervention. A continuous wear protocol can be easily 
achieved with both devices, which may enhance com
pliance. Finally, previous research suggests that fashion/ 
appearance is an important factor in the acceptability of 
such devices, as a thigh worn device was poorly accepted 
by the CF population, particularly in females (Dias et al.,  
2012). This is further supported by another study in 
which participants deemed wrist worn devices, which 
are unobtrusive, to be acceptable for PA monitoring 
(Shelley et al., 2018). Both devices demonstrate accepta
ble levels of accuracy and either would be appropriate 
for use in clinical practice in PWCF.

Strengths of this study include that it had a powered 
sample size and assessed step count in both controlled 
and self-selected walking speeds, as per previous valida
tion studies. Treadmill walking and overground self- 
selected walking speeds were chosen as kinematics can 
vary between the two, with increases in hip range of 
motion on a treadmill combined with a significant 
decrease in stance time (Alton, Baldey, Caplan, and 
Morrissey, 1998; Warabi et al., 2005). This may explain 
the difference observed in percentage error between 
both walking conditions. We feel that testing partici
pants in both walking conditions enhances the robust
ness of this study, as many of our participants would use 
a treadmill for exercise. The participants in this study are 
largely representative of the broader Irish adult CF 
population (mean age: 31.6 years, mean BMI: 23.3 kg/ 
m2, mean FEV1 of 70%) (Cystic Fibrosis Registry of 
Ireland, 2018) thus enhancing the applicability of such 
results.

Limitations

For translation or implementation purposes, limitations 
of the study need to be considered. This study did not 
avail of the full measurement facilities of these devices, 
and future research should investigate the accuracy of 
other parameters, such as energy expenditure, sleep, and 
activity minutes. Furthermore, this study did not con
sider free living tasks or simulated activities of daily 
living.

Conclusion

This study has established the criterion validity of the 
AP and FC2 for measuring PA in PWCF and would be 
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suitable for the assessment of step count. Future 
research contemplating these devices for use in PA 
interventions should consider the features, acceptability, 
and practicality of both devices to enhance compliance 
with the CF population.
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