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Abstract

Introduction:Measurement of physical activity (PA) using commercial activity track-

ers such as Fitbit devices has become increasingly popular, also for people with

haemophilia (PWH). The accuracy of the Fitbit model Charge 3 has not yet been

examined.

Aims: To compare the Fitbit Charge 3 against the research-grade accelerometer Acti-

Graph GT3X-BT in measuring average daily steps and minutes spent in different PA

intensities.

Methods: Twenty-four young PWH wore a wrist-worn Fitbit Charge 3 and hip-worn

ActiGraph GT3X-BT simultaneously for seven consecutive days in free-living condi-

tions. Correlation of and differences between the devices for daily averages of PA

parameters were assessed using Pearson’s correlation coefficient and paired t-test,

respectively. Agreement between devices was assessed using Bland-Altman plots.

Results: Twenty participants (mean age 21.8) were included in the analyses.We found

moderate to high correlations between Fitbit and ActiGraph measured daily averages

for all PA variables, but statistically significant differences between devices for all vari-

ables except daily minutes of moderate PA. Fitbit overestimated average daily steps,

minutes of light, vigorous andmoderate-to-vigorous PA. Bland-Altman plots showed a

measurement bias between devices for all parameters with increasing overestimation

by the Fitbit for higher volumes of PA.

Conclusion: The Fitbit Charge 3 overestimated steps and minutes of light, moderate

and moderate-to-vigorous PA as compared to the ActiGraph GT3X-BT, and this bias

increasedwithPAvolume. TheFitbit should thereforebeusedwith caution in research,

andwe advise users of the device to be cognizant of this overestimation.

KEYWORDS

ActiGraph, agreement, comparison, Fitbit, haemophilia, physical activity

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2022 The Authors.Haemophilia published by JohnWiley & Sons Ltd.

Haemophilia. 2022;1–9. wileyonlinelibrary.com/journal/hae 1

mailto:rematlar@studmed.uio.no
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/hae
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhae.14624&domain=pdf&date_stamp=2022-07-13


2 MATLARY ET AL.

1 INTRODUCTION

Physical activity (PA) has numerous health benefits, and may improve

joint-, bone-, and muscle health for people with haemophilia (PWH).1

People of all ages, including PWH, are recommended to engage in reg-

ular and adequate levels of PA.2,3 PA can be measured using monitors

able toquantify theduration, frequencyand intensityofPA.4 Research-

grade activity monitors such as ActiGraph accelerometers are devel-

oped for andevaluated in research studies, and the triaxialGT3Xmodel

is consideredoneof themost accurate andwidely-used research-grade

instruments used to assess free-living PA.5–7 ActiGraph estimated PA

energy expenditure shows moderate correlation with doubly labelled

water8 and strong correlation with indirect calorimetry.9 Recently,

consumer-grade activity monitors have become popular amongst both

researchers and general consumers. Those devices are commercially

available in electronic stores, primarily designed for use by individuals

to track PA and less evaluated in research.4 Fitbit is one of the world’s

largest andmost popularwearable device companies10 and their activ-

ity trackers are among the most frequently utilised consumer-grade

devices in PA research.11 The Charge 3 model was one of Fitbit’s most

recent products when this study was conducted. Lately, Fitbit devices

have been used in published research involving PWH.12–16 These

devices are also being utilised in ongoing studies in the haemophilia

population, among others to measure PA endpoints in interventional

studies. It is therefore necessary to evaluate the accuracy of these

monitors in measuring the PA of PWH.

The validity of various Fitbit models has been investigated both

in laboratory and free-living settings, including healthy participants

as well as people with various chronic diseases and with mobility

limitations,10,17–19 but not PWH. Previous validation study results

are not necessarily generalisable to PWH since their PA behaviour

may differ from other populations. Validation studies performed in

free-living conditions show results ranging from acceptable to various

degrees of overestimation for steps count and time spent in higher

intensity PA as compared to direct observation/manual step count-

ing and/or reference devices (e.g., pedometers and research-grade

accelerometers).10,17,18 Previous Fitbit models have been compared

to ActiGraph accelerometers specifically,7,20–35 but to the best of our

knowledge, there has not yet been performed such an evaluation of

the Fitbit Charge 3′s accuracy. Therefore, the aim of this study was

to examine the validity of the wrist-worn Fitbit Charge 3 against the

hip-worn ActiGraph GT3X-BT in measuring average daily steps and

the time spent in light- (LPA), moderate- (MPA), vigorous- (VPA), and

moderate to vigorous-intensity (MVPA) PA over a 7-day period.

2 MATERIALS AND METHODS

2.1 Participant recruitment

Data were collected as part of a larger study investigating PA levels

in teenagers and young adults with haemophilia A residing in Nor-

way, the “HemFitBit study” (ClinicalTrials.gov NCT04181697). Ethical

approval for the study was obtained from the Regional Committee

for Medical and Health Research Ethics South East and the Oslo

University Hospital Data protection officer. All participants (and/or

their guardians) provided written informed consent prior to participa-

tion in the study. Data were collected between December 2019 and

March 2020. Haemophilia A is a bleeding disorder characterised by

an X-linked genetic deficiency in coagulation factor VIII, thus mainly

affecting males.36 This is why solely males were included in the study.

All participants had either moderate or severe haemophilia and were

receiving continuous prophylaxis, that is, regular injections of themiss-

ing/deficient coagulation factor. For the current validation study, 24

participants were convenience sampled from the main study. The tar-

get number of 24 participants was based on previous comparison

studies in the field,37–39 time frame and logistics. Based on their time

for inclusion corresponding with the start of this validation sub-study,

the first 24 participants (out of 40 in total) were included.

2.2 Procedures

Each participant wore an ActiGraph GT3X-BT (ActiGraph LLC, Pen-

sacola, FL, USA) accelerometer over the right hip bone with an elastic

belt and a Fitbit Charge 3 (Fitbit Inc, San Francisco, CA, USA) on the

non-dominant wrist simultaneously for seven consecutive days in free-

living conditions. Participants visited our centre once for inclusion in

the study. Proper use of the devices was demonstrated and instruction

sheets including photos depicting correct placement were provided.

2.3 Devices, settings and output

2.3.1 ActiGraph

The ActiGraph GT3X is a hip-worn accelerometer measuring PA based

onmotion sensors across three axes. Raw data is called activity counts,

which is a summarymetric quantifyingof themagnitudeof acceleration

the monitor is exposed to. The device provides data on energy expen-

diture, steps taken, and activity/sedentary bouts via publicly available

validated algorithms. ActiGraphs were initialized to a sampling rate of

30 Hertz. Start time was set to 06:00 AM on day one and stop time

to 11:59 PM on day 7. ActiLife software (ActiGraph, LLC, Pensacola,

Florida, USA) was used to download and inspect raw data and for sub-

sequent data processing including data reduction inKineSoft analytical

software version 3.3.80 (KineSoft, Loughborough, UK). Activity counts

per minute were translated into sedentary time and minutes in LPA,

MPA and VPA based on the cut-offs by Troiano et al.40 Data were

extracted in 10 s epochs. This was chosen because short epoch lengths

are recommended to capture sporadic short burst of PA. However,

an epoch length of one second generates a lot of “noise”/disturbance,

whilst a 60 s epoch is too imprecise.41 Number of axes was set to

one (the vertical/y-axis on the accelerometer). Non-wear periods were

defined as continuous 0-registrations lasting at least 60 min (with

2 min of counts > 0 allowed), and such periods were excluded from
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the analyses. A valid ActiGraph day was defined as ≥600 min wear

time.

2.3.2 Fitbit

The Fitbit Charge 3 is a wrist-worn consumer-grade activity tracker

featuring heartratemonitoring and tracking of steps, distance, calories

burned, floors climbed, active minutes and sleep duration. Thresholds

for Fitbit PA intensity categories are based onMETs (metabolic equiva-

lent of tasks),which is anabsolute rateof energyexpendituredescribed

as amultiple of resting energy expenditure.4 The device does not store

rawdata on acceleration and the algorithm fromwhich steps and inten-

sity categories is calculated is unknown outside the Fitbit Company.

Fitbit study accounts were created for each participant and connected

to the research platform “Fitabase” (Small Steps Lab, San Diego, CA,

USA) from where data were accessed and downloaded. A valid Fitbit

day was defined as a day with> 1000 steps.12

2.3.3 Covariates

Participant information was collected on age, haemophilia severity,

body weight, height and Haemophilia Joint Health Score (HJHS)42

(measured/tested at study visit). Body mass index (BMI) was calcu-

lated by dividing body weight in kilograms (kg) by height in meters (m)

squared (BMI= kg/m2).

2.4 Statistical analyses

Statistical analyses were conducted using STATA version 16.0 (Stata-

Corp LLC, College Station, TX, USA). For each participant, we extracted

the valid days when both devices were worn simultaneously. Partic-

ipants with ≥4 valid ActiGraph days and corresponding valid Fitbit

days were included in the analyses. A p-value of < .05 was considered

statistically significant. Data were approximately normally distributed.

Descriptive statistics are presented as means with standard devia-

tions (SDs) for continuous data and numbers with percentages for

categorical variables. One overall daily average for each PA parameter

(steps and minutes in LPA, MPA, VPA, and MVPA) was computed for

each participant. Measurements of sedentary time was not compared

between the devices as we could not distinguish between sedentary

time and sleep. We compared the correlation of each continuous out-

come between the devices using Pearson’s correlation coefficient. The

interpretation of the strength of the coefficients was defined as weak

(r < .4), moderate (r = .40–.69), strong (r = .70–.89) and excellent

(≥.9).43 Differences between the devices were tested using paired

t-tests for each of the outcomes. Agreement between devices was

assessed using Bland-Altman plots including 95% limits of agreement

(LoA [±1.96 SD]). The Bland-Altman plot allows to identify propor-

tional bias,44 andwhether thedifferencebetweenmeasurements ofPA

variables for the two devices are equal throughout the range of mea-

surements. All data points would lie at a horizontal line at zero if

F IGURE 1 Participant flow chart

there was complete agreement of measurements between devices.

We used linear regression models to test whether the slope of the

Bland-Altman regression was significantly different from zero. We

used mean absolute percentage error (MAPE) to assess the mean

bias of Fitbit measurements with reference to ActiGraph, calculated

via the following formula: (mean difference/ActiGraphmean)*100.We

also investigated agreement between ActiGraph and Fitbit regard-

ing the proportion of teenagers and adults meeting weekly MVPA

recommendations (defined as≥420 and≥150min, respectively).

3 RESULTS

Twenty-four male PWH were invited to participate and all accepted

the invitation. A 7-day measurement period for each of the 24 par-

ticipants generated data on PA measured by ActiGraph and Fitbit

simultaneously for a total of 163 days (two accelerometers malfunc-

tioned and only contributed to three and six measurement days,

respectively). There were 30/163 (18.4%) non-valid ActiGraph days

(defined as< 600minwear time/day) and 7/163 (4.3%) non-valid Fitbit

days (defined as≤1000 steps/day). Two non-valid Fitbit days remained

after non-valid ActiGraph days were removed. Four participants were

excluded from the analyses due to having < 4 valid ActiGraph days

(8 days removed) (Figure 1). Thus, a total of 20 participants (83.3% of

24) and 123 matched days (75.5% of 163) were included in the analy-

sis. Participants consisted of 8 teenagers (aged 13–17) and 12 adults

(aged 18–30) with an overall mean age of 21.8 (SD 6.6) years and BMI

24.3 (SD 5.1). Almost all (n= 19) had severe haemophilia and themean

HJHS score was low (Table 1).

3.1 Physical activity levels

Daily averages of steps and minutes in the various intensity cate-

gories for both devices are presented in Table 2. Most of the PA was

performed in low intensity.



4 MATLARY ET AL.

TABLE 1 Participant characteristics

Mean (SD)

Age 21.8 (6.6)

Teenagers 14.3 (1.5)

Adults 26.8 (2.5)

Bodymass index 24.3 (5.1)

Teenagers 19.8 (2.5)

Adults 27.4 (4.0)

HJHS 2.1 score 7.0 (6.7)

Teenagers 2.5 (2.8)

Adults 9.9 (7.0)

Haemophilia A severity Number (%)

Moderate (Factor VIII level 1%–5%) 1 (5)

Severe (Factor VIII level< 1%) 19 (95)

Note: All participants included in the analyses n=20. Teenagers (age 13–17)

n = 8, adults (age 18–30) n = 12. HJHS = Haemophilia Joint Health Score.

Score min - max= 0–124. Low scores equal little joint damage and mobility

limitations. SD, standard deviation.

3.2 Comparison of devices

The correlations between devices of daily averages were r = .91 for

steps, .76 for minutes of LPA, .54 for MPA, .66 for VPA and .68 for

MVPA (Table 2 and Figure 2).

There were statistically significant differences between ActiGraph

and Fitbit for all measured PA variables except mean daily MPA

(Table 2). Bland-Altman plots showed a measurement bias between

devices for all parameters with wide LoA and an increasing overesti-

mation by the Fitbit with higher volumes of PA (Figure 3).

There was complete agreement between ActiGraph and Fit-

bit regarding the proportion of teenagers and adults meeting

weekly MVPA recommendations (defined as ≥420 and ≥150 min,

respectively).

4 DISCUSSION

In this study conducted in free-living conditions including young

PWH we compared PA measurements between the research-grade

ActiGraph GT3X-BT accelerometer as the reference device and the

consumer-grade Fitbit Charge 3 activity monitor. We found moderate

TABLE 2 Mean daily steps and PA intensity categoryminutes for ActiGraph and Fitbit with correlations andmean differences between devices

Mean (SD)

ActiGraph

Mean (SD)

Fitbit r
p-Value
corr Mean diff MAPE p-Value (95%CI)

Steps/day all 8012 (2572) 11400 (3817) .908 <.001 − 3,388 42% <.001 (−4246 to−2529)

Teenagers 9007 (3558) 12116 (5036)

Adults 7349 (1476) 10924 (2899)

LPA/day all 167.8 (48.1) 244.61 (62.5) .760 <.001 −76.7 45% <.001 (−95.8 to−57.8)

Teenagers 177.6 (48.4) 232.1 (50.5)

Adults 161.3 (48.8) 253.0 (70.2)

MPA/day all 49.3 (19.0) 39.0 (29.2) .543 .013 10.2 21% .080 (−1.3 to 21.8)

Teenagers 56.8 (23.4) 36.9 (23.4)

Adults 44.2 (14.4) 40.5 (33.4)

VPA/day all 5.3 (7.7) 33.4 (17.5) .657 .002 −28.1 530% <.001 (−34.6 to−21.7)

Teenagers 8.2 (10.0) 35.2 (18.8)

Adults 3.4 (5.3) 32.2 (17.4)

MVPA/day all 54.6 (23.4) 72.5 (43.6) .679 .001 −17.9 32% .024 (−33.2 to−2.6)

Teenagers 65.0 (28.9) 72.1 (38.2)

Adults 47.6 (16.9) 72.7 (48.6)

Note: Difference between ActiGraph and Fitbit tested via paired t-test. Positive values indicate an underestimation by the Fitbit as compared to ActiGraph,

and negative values indicate an overestimation. Due to small numbers, we did not test for differences between devices stratified for adults and teenagers.

Because PA recommendations differ for teenagers and adults, we present the descriptive results stratified for both groups. MAPE (mean bias of Fitbit

measurements with reference to ActiGraph) calculated in percentage via the following formula: (mean difference/ActiGraph mean) * 100 =mean absolute

percentage error. Exemplified for steps this equals: (3388/8012) * 100= 42.

Abbreviations: CI, confidence Interval; corr, correlation; diff, difference; LPA, light intensity physical activity; MAPE, mean absolute percentage error; MPA,

moderate intensity physical activity; MVPA, moderate and vigorous intensity physical activity; r, Pearson’s r; SD, standard deviation; VPA, vigorous intensity
physical activity.
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F IGURE 2 Correlations of daily means for PA variables between ActiGraph and Fitbit with inserted regression lines. (A) Steps, (B) LPA,
(C)MPA, (D) VPA, (E)MVPA. LPA, low intensity physical activity; MPA, moderate intensity physical activity; MVPA, moderate and vigorous
intensity physical activity; VPA, vigorous intensity physical activity

F IGURE 3 Bland-Altman plots illustrating level of agreement between ActiGraph and Fitbit. (A) Steps, (B) LPA, (C)MPA, (D) VPA, (E)MVPA.
LPA, low intensity physical activity; MPA, moderate intensity physical activity; MVPA, moderate and vigorous intensity physical activity; VPA,
vigorous intensity physical activity. Legend: The dotted lines show themean of the differences between devices, the dashed lines show 95% limits
of agreement (±1.96 SD) and the solid black lines show the estimated linear regression lines. b= slope of the estimated regression line. The
p-values showwhether the regression slopes are significantly different from zero. Positive values indicate an underestimation by the Fitbit as
compared to ActiGraph, and negative values indicate an overestimation



6 MATLARY ET AL.

to excellent correlations (Pearson’s r = .54–.91) between the devices

for mean daily steps and minutes of LPA, MPA, VPA, andMVPA. This is

consistent with what one would expect from two devices designed to

measure the same parameters, and strong correlation alone should

not be taken as evidence for good agreement between the two. This

becomes apparent when looking into results from the Bland-Altman

analyses, where we found fairly good agreement between the devices

for MPA, but large discrepancies between the devices for the other PA

variables. On average, the Fitbit estimated a higher number of daily

steps andminutes of LPA, VPA, andMVPA compared to the ActiGraph.

MAPE were large. LoA were wide for all variables. This is due to the

small sample size and large variation in measurements between the

devices.We found a higher proportion of non-valid measurement days

for ActiGraph (18%) than Fitbit (4%). It is unclear whether this differ-

ence is related to wear time adherence or discrepant definitions of a

valid day between the devices.

Previous PAmonitor validity research performed in free-living con-

ditions is limited, with only four other studies investigating the validity

of a wrist-worn Fitbit model against hip-worn ActiGraph GT3X with

studyprotocols similar to ours (Troiano cut-points for intensities, 7-day

wear period and ≥600 min wear time as a valid day). One of the stud-

ies investigated steps only,21 one steps and PA intensities,29 and the

remaining twoassessedonlyPA intensities.28,32 These studies included

predominantly healthy adults (≥18 years) and one group with knee

problems.

4.1 Steps

We found excellent correlation (r = .91) between ActiGraph and Fit-

bit measured steps. This is similar to the correlation of r = .89 found

by Chu et al.21 However, we found a large and statistically signifi-

cant mean difference of 3388 steps (95% CI: 4246–2529) between

the devices, with a bias of increasing difference with increasing num-

ber of steps. This overestimation by the Fitbit is considerably divergent

from the suggested acceptable mean deviation of 10% from a gold

standard in free-living conditions.45 Our finding of Fitbit step overes-

timation is higher than, but still in line with Chu et al.’s results.21 They

demonstrated a significant median difference between ActiGraph and

Fitbit Flex measured steps of 1300/day. Reid et al.29 did on the other

hand not find a significant difference (mean 633 steps/day) between

ActiGraph GT3X and Fitbit Flex. The reason for the divergent find-

ings between these studies is unclear. Better agreement of measured

steps between ActiGraphs and various Fitbit models has been shown

in laboratory-based studies.10,19

A plausible explanation for the discrepant findings between Acti-

Graph and Fitbit measured steps in some studies is the respective

wrist versus waist monitor placement. Non-identical body positions of

devices clearly limit comparability of data as acceleration is different

between the twobodyparts, andwristwear has been found to increase

error associated with hand movement.4,46 Such error is likely higher

in free-living conditions where there is more variation in movements

than in the laboratory. Nevertheless, some studies have also found hip-

worn Fitbit devices to overestimate steps (and minutes in various PA

intensities).7,24,27 These findings indicate that other factors besides

wear location impact the results.

4.2 Intensity categories

We found the Fitbit Charge 3 to overestimate daily minutes of LPA,

VPA andMVPA as compared to the ActiGraph, despite acceptable cor-

relation of these outcomes between the devices. The relatively steep

negative slopes of the estimated regression lines in the Bland-Altman

plots indicate an increasing discrepancy as PA volume increases.

Although most of the points are within the LoA, these limits are very

wide.

Here, we focus our discussion on MVPA, as this is the primary

focus of PA guidelines. We found nearly the exact same correlation of

MVPA/day between devices in our study (r= .68) as did Redenius et al.

(r = .65).28 This moderate correlation is acceptable, but could prefer-

ably have been higher. Furthermore, we found an overestimation of

daily MVPA by Fitbit compared to ActiGraph of 18 min (LoA −82 to

46). This range of 128 min/day inter-device measurement variability is

substantial. Our result is similar to the findings of Semanik et al.32 who

found a significant mean daily difference between ActiGraph and Fit-

bit Flex of 19 min (LoA −22 to 59). Even larger differences have been

shown by others; Reid et al. found Fitbit Flex to overestimate MVPA

by 58 min compared to ActiGraph,29 and Redenius et al.28 showed

an overestimation by the Fitbit Flex of 78 min/day (LoA −128 to

−30). Similar to our findings, these studies demonstrate that the over-

estimation increases with PA volume, suggesting that Fitbit devices

overestimatemeandailyMVPA inactive individuals as compared to the

ActiGraph.28,32 The overall high PA level in our population could hence

be part of the explanation for the large measurement discrepancies

between the devices in our study. Other possible explanations for the

discrepant results between ActiGraph and Fitbit measured PA param-

eters between devices could be related towear location, differences in

the devices’ measurement properties, data filtering algorithms, inten-

sity cut-off equations and data processing. It is also possible that the

devices perform differently between various types of activities.

4.3 Strengths and limitations

This is the first study to our knowledge investigating the validity of

PA measurements between the consumer-grade PA monitor Fitbit

Charge 3 against the research-grade accelerometer ActiGraph GT3X-

BT, and evaluating the accuracy of the Fitbit in measuring the PA of

PWH. We obtained adequate data to include a high proportion of

participants (83%) and matched measurement days (75%) in our anal-

yses. We have followed the recommendations for number of days

(three to nine) and wear time (10 h/day) needed to capture sufficient

valid data47,48 and applied well-established ActiGraph cut points for

PA intensity thresholds.40 We have assessed agreement between the

devices not only via correlations but also using Bland-Altman plots.

Furthermore, the study was conducted in free-living conditions, which

may enhance the external validity of the results. Our population was,
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however, only a small group of young (age 13–30 years) male partic-

ipants with haemophilia A and high PA levels, and the results might

not be generalisable to other populations. Since we did not perform

a power calculation for this study, and considering the limited sample

size, the lack of statistically significant differences in MPA between

devices may be due to type II statistical error. From the reasonable

width of the 95% confidence intervals for between-device differences,

it does however appear that we can assume reasonable power.

We acknowledge that the discrepant definitions of a valid day

between the devices is a limitation of this study and that some of the

differences between the devices may be related to potential differ-

ences in wear time. We were regrettably not able to extract wear time

inminutes per day for Fitbit, and thus the criterion of> 1000 steps/day

was chosen as the cut-off for a valid day based on previous research in

PWH.12 Considering that only twonon-valid Fitbit days remained after

removal of non-valid ActiGraph days, it seems that the two different

definitions corresponded well. Very good agreement (98.9%) between

valid day definitions based on a step count > 1000 versus wear-time

derived from heart rate readings has been found also outside the

haemophilia population.49 Furthermore, this approach for defining a

valid day is a pragmatic solutionwhichhelps simplify dataprogramming

for those using Fitbit devices in clinical research. Since Fitbit, unfortu-

nately, does not publish their algorithms used to estimate intensities it

is unknown how Fitbit-derived PA indexes compare to those by Acti-

Graph. This hinders the possibility to ascertain accurate comparisons.

The proprietary algorithms amongst consumer-grade activity monitor

companies as well as lack of consensus on how wearable monitor data

is calibrated, translated to behaviour information, analysed and inter-

preted are common methodological challenges for researchers in this

field.4 Furthermore, we acknowledge that the ActiGraph is not a true

criterion-measure for assessing PA related energy expenditure, and

that it has limitations including insensitivity to capturing PA with little

trunkmovement and that wear-compliancemay be lower as compared

to wrist-worn devices.

Although the Fitbit Charge 3 appears to overestimate PA param-

eters compared to the research-grade ActiGraph accelerometer, it is

still more objective than self-report assessment of PA and valid for

surveillance of PA over time within an individual. It is also more user

friendly and less burdensome to wear for the individual than a hip-

worn device. A plethora of wearable PA devices are now available, and

newmonitors are continuously appearing on the market, replacing old

types. Brands from larger companies, such as Fitbit, are, comparedwith

smaller brands, likely to survive longer.11 Another advantage of Fitbit

devices is that they are frequently utilised in research, hence provid-

ing numerous studies to compare against.11 Thus, the use of Fitbits

will probably still be attractive for both researchers and consumers

interested inmonitoring PA in the future.

5 CONCLUSION

In this study including young PWH we found the commercial Fit-

bit Charge 3 activity tracker to overestimate average daily steps

and minutes of LPA, VPA and MVPA as compared to the research-

accelerometer ActiGraph GT3X-BT. This overestimation seems to

increase with PA volume, and we conclude that the Fitbit Charge 3

should be used with caution in research. Given the popularity and high

wear compliance of Fitbit devices we anticipate that these monitors

will continue to be utilised by both consumers and researchers in the

future, including the haemophilia population. We, therefore, advice

users to be cognisant that PAmetrics are likely not equivalent to those

obtained from the ActiGraph and to take into account that the device

appears to overestimate PA in free-living conditions.
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