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ABSTRACT
MIDDELWEERD, A., H. P. VAN DER PLOEG, A. VAN HALTEREN, J. W. R. TWISK, J. BRUG, and S. J. TE VELDE. A Validation
Study of the Fitbit One in Daily Life Using Different Time Intervals. Med. Sci. Sports Exerc., Vol. 49, No. 6, pp. 1270–1279, 2017.
Purpose: Accelerometer-based wearables can provide the user with real-time feedback through the device"s interface and the mobile
platforms. Few studies have focused on the minute-by-minute validity of wearables, which is essential for high-quality real-time feedback. This study aims to assess the validity of the Fitbit One compared with the ActiGraph GT3x + for assessing physical activity (i.e.,
steps, time spent in moderate, vigorous, and moderate–vigorous physical activity) in young adults using traditional time intervals (i.e.,
days) and smaller time intervals (i.e., minutes and hours). Methods: Healthy young adults (N = 34) wore the ActiGraph GT3x+ and a
Fitbit One for 1 wk. Three aggregation levels were used: minute, hour, and day. Mixed models analyses, intraclass correlation coefficients, Bland–Altman analyses, and absolute error percentage for steps per day were conducted to analyze the validity for steps and
minutes spent in moderate, vigorous, and moderate–vigorous physical activity. Results: As compared with ActiGraph (mean = 9 steps
per minute, 509 steps per hour and 7636 steps per day), the Fitbit One systematically overestimated physical activity for all aggregation
levels: on average 0.82 steps per minute, 45 steps per hour, and 677 steps per day. Strong and significant associations were found
between ActiGraph and Fitbit results for steps taken (B = 0.72–0.89). Weaker but statistically significant associations were found for
minutes spent in moderate, vigorous, and moderate–vigorous physical activity for all time intervals (B = 0.39–0.57). Conclusions:
Although the Fitbit One overestimates the step activity compared with the ActiGraph, it can be considered a valid device to assess step
activity, including for real-time minute-by-minute self-monitoring. However, agreement and correlation between ActiGraph and Fitbit One
regarding time spent in moderate, vigorous, and moderate–vigorous physical activity were lower. Key Words: FITBIT ONE, VALIDATION,
MINUTE-BY-MINUTE, DAILY LIFE, REAL-TIME FEEDBACK, SELF-MONITORING

C

ommercial wearable technologies that continuous
monitor physical activity may be helpful tools for
(self-) monitoring and for providing feedback on

physical activity behaviors. For example, the Fitbit One is an
accelerometer-based wearable activity tracking device that is
easy to use and has a user-friendly interface. The activity
monitor wirelessly uploads the activity data to the user"s
account, which is accessed through a smartphone application or website (11,18). It assesses daily activities, allows the
user to monitor his/her progress, and provides real-time
feedback (e.g., current amount of steps taken, stairs taken
and a growing or shrinking flower depicts the activity level)
to encourage the user to be more physically active (11). In
addition, the Fitbit One and its web interface include behavior change techniques typically used in physical activity
interventions (17). The Fitbit One—like other similar
wearables—may offer new opportunities in interventions
that target physical activity promotion.
Several studies examined the validity of different types of
Fitbit activity trackers (7,20,22,24); however, as far as we are
aware, only eight studies examined the validity of the Fitbit
One. So far, five studies used a controlled laboratory setting
to examine the validity of the Fitbit One with respect to steps
taken (n = 4) and energy expenditure (n = 1) (3,16,21,22).
Overall, in laboratory settings, studies reported acceptable
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One for steps, minutes spent in moderate physical activity,
vigorous physical activity, and moderate–vigorous physical
activity per day against the ActiGraph.

METHODS
Participants. A sample of 34 participants (23 females
and 11 males) agreed to participate in the current study.
Participants were actively recruited in Amsterdam by flyers
distributed on one of the main university campuses, and by
e-mail, and direct person-to-person communication at this
university. Participants were eligible when they met the following criteria: (a) age 19–30 yr, (b) owned a smartphone, (c)
fluent in Dutch or English, and (d) signed the informed
consent form.
Procedure. Participants were asked to visit the study
center to pick up the instructions and devices. After providing
informed consent, the participants completed an online questionnaire collecting demographic information such as age,
gender, self-reported height, and weight. The participants
received log-in information for the Fitbit website and instructions on how to use the devices; for example, how to
synchronize the Fitbit, and how to wear the devices. Participants were instructed to wear both activity monitors on the right
hip using an elastic belt for seven consecutive days during
waking hours. Furthermore, they were instructed to remove the
activity monitors during water activities and sleeping. After the
assessment week, participants returned the activity monitors
and received a 10-euro voucher as incentive for participating.
The study protocol was approved by the Medical Ethical
Committee of the VU University Medical Centre Amsterdam.
Measurements. The ActiGraph GT3X+ (ActiGraph
Inc., Pensacola, FL) was used as the reference method (construct validity) to compare the Fitbit with. The ActiGraph is
recognized as a reasonable valid tool to assess physical activity objectively in adults and has been used in numerous
studies (1,28). The ActiGraph GT3X+ is a triaxial accelerometer that is able to convert accelerations to step counts. The
monitors were set to collect raw data at 100 Hz. After data were
aggregated into 1-min intervals, Troiano"s definitions—using
the vertical counts—were used to calculate time spent in sedentary (G100 counts per minute), light (100–2019 counts per
minute), moderate (2020–5998 counts per minute), vigorous
(5999 e counts per minute), and moderate to vigorous
(moderate–vigorous physical activity, 2020 e counts per minute) physical activities (24).
The Fitbit One (Fitbit Inc., San Francisco, CA) is a lightweight triaxial accelerometer with a build in altitude monitor.
The Fitbit collects data in 1-min intervals. Data were retrieved
using the open API and saved as xml file. Fitbit uses an algorithm to detect motion patterns and to convert these accelerations to step counts (12). Fitbit calculates the intensity of
the activity by means of an algorithm only known within the
Fitbit company. On the basis of the intensity of the activity,
Fitbit then estimates the corresponding MET values to
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percentages of relative errors (1.3%–10.5%) for number of
steps taken with speeds of 0.7–1.78 mIsj1 on a treadmill
(21–23). Moreover, the Fitbit underestimated the energy
expenditure compared with indirect calorimetry. So far, only
three studies examined the validity of the Fitbit One in daily life
(10,14,20). High Pearson"s r and intraclass correlations were
reported for steps taken per day compared with the ActiGraph
(10). However, the Fitbit One was less valid in assessing daily
minutes spent in moderate–vigorous physical activity (10,20).
These findings suggest that the Fitbit One is a valid instrument to assess daily step activity but less valid to assess daily
minutes spent in moderate–vigorous physical activity.
Moreover, the Fitbit One can be used as a stand-alone
intervention or as an intervention tool to monitor daily life
physical activity and to provide real-time feedback. It can be
used with its own applications or in combination with a
third-party smartphone application. The Fitbit website provides access to minute-by-minute activity data through the
application programming interface (API). A recent study in
overweight, postmenopausal women showed promising results in favor of the intervention group that received the
Fitbit One as an intervention tool (2). Because real-time
feedback is and should be based on data collected throughout the day and thus on data collected over smaller time
intervals than the whole day, it is important to know the
validity of the Fitbit for levels of physical activity based on
smaller time intervals than the whole day (i.e., total daily
activity). This is important because even if studies have indicated that the Fitbit One is valid in assessing daily activity,
this could be because measurement errors—over- and
underestimations—can balance out throughout the day which
would result in good daily validity but not necessarily good
minute or hourly validity. Therefore, it is important to know
the validity of the Fitbit using smaller time intervals (i.e., per
minute and hour) and, thus, if the Fitbit One can be used for
real-time feedback. This focus on the smaller time intervals is
important as a poor hourly or minute-by-minute validity might
be off-putting to users that experience the wearable is not
matching their activities in real time, and consequently, it
might be less suitable for physical activity interventions.
One previous study looked at 3-h periods and demonstrated a good concurrent validity of the Fitbit Ultra—the
forerunner of the Fitbit One—to assess physical activity in
daily life in patients with chronic obstructive pulmonary
disease (27). Another study used smaller time intervals, i.e.,
minutes, hours, and days, to assess the interdevice reliability,
but the study only had one participant (7). Therefore, to
date, little is known about the validity of the Fitbit One in
detecting physical activity using smaller time intervals relevant for real-time feedback and instant behavioral insights to
its users. Hence, the primary aim of the current study is to
assess the construct validity of the Fitbit One for steps and
minutes spent in moderate physical activity, vigorous physical
activity, and moderate–vigorous physical activity for minute
and hourly intervals against the ActiGraph. The secondary aim
was to assess the more traditional construct validity of the Fitbit

SPECIAL COMMUNICATIONS

classify the intensity in sedentary, lightly active, fairly active,
and very active (13). The monitor can be worn in the front
pocket, on a belt or a bra; however, for the present study,
participants were asked to wear the Fitbit on the right hip with
a waist belt, next to the ActiGraph.
Participants were asked to record their wear time through
a daily e-mail with a link to a questionnaire recalling the
previous day. This e-mail was sent at the beginning of each
day—starting at the second day.
Data handling. First, ActiGraph data were checked for
nonwear time using Actilife 6.0 (ActiGraph Inc.). Troiano"s
definitions were used to identify nonwear time; for example,
periods with consecutive strings of zero"s for at least 60 min (24).
In addition, up to two interruption intervals of G100 counts
that appeared in the middle of long strings of zero-count
intervals were filtered out (5,9). Intervals with 920,000 counts
per minute were considered to be spurious (5,19).
Second, Fitbit data were matched to the periods of wear
time of the ActiGraph data. All Fitbit data with zero steps
per hour were compared with the participant"s reports and if
necessary excluded from the analyses. Some participants
reported low battery of the Fitbit, and those time intervals
were deleted. For both monitors, at least 4 d of minimal 10 h
of wear time was required to for a participant to be included
in the analyses.
Data analyses. In preparation for the analyses, three
levels of aggregation were distinguished (i.e., minutes, hours,
and days). For each aggregation level and each type or intensity
of activity (i.e., steps, minutes spent in moderate, vigorous, and
moderate–vigorous activities), the validity was examined in
five steps.
First, the absolute error percentage [100(|Fitbit j ActiGraph|)/
ActiGraph] was calculated to provide an indicator of the
overall difference between the Fitbit and the ActiGraph. Because the absolute error percentage cannot be calculated for
ActiGraph values of zero or close to zero, the error percentage
was calculated for steps per day only.
Second, because longitudinal data observations within
one subject over time are correlated, systematic differences
were obtained by means of linear mixed model analyses with a
four-level structure (minute measurements were clustered
within hours, within days, and within weeks). The dependent
variable was the continuous activity data assessed by either the
Fitbit or the ActiGraph, and the independent dichotomous
variable was the device (ActiGraph = 0, Fitbit = 1). The
obtained regression coefficient represents the systematic difference between the Fitbit and the ActiGraph adjusted for the
nested design.
Third, Bland–Altman plots, including the limits of agreement (LoA), were used to provide a visual representation
of the systematic differences and to assess potential nonsystematic differences between the ActiGraph and the Fitbit.
As the activity data in the current study comprise a mixture of
between and within individual information on the differences
between the two measurements, we applied the method proposed by Bland and Altman to estimate the LoA for repeated
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measures by adjusting for the nonindependence of the observations. Because of the fact that Fitbit and ActiGraph collect
data in 1-min epochs, the variable for time spent in moderate,
vigorous, or moderate–vigorous physical activity at the minute
level was dichotomous, either that minute was at that intensity
or not. Therefore, Bland–Altman analyses were not conducted
for minutes spent in moderate, vigorous, and moderate–
vigorous physical activity for the aggregation level minute.
Fourth, intraclass correlation coefficients (ICC) for continuous data were used as parameters for criterion validity of
the Fitbit compared with the ActiGraph. The ICC values
(two-way random effects model with an absolute agreement
definition) were calculated for all aggregation levels for step
activity and time spent per intensity level. For the present
study, an ICC Q0.75 was defined as ‘‘excellent,’’ an ICC
between 0.4 and 0.75 was defined as ‘‘fair to good’’ and an
ICC G0.4 as ‘‘poor’’ (4,5).
Lastly, the association between ActiGraph data (dependent
variable) and Fitbit data (independent variable) was also
obtained with linear mixed model analyses with the same
four-level structure as described previously. Regression coefficients were interpreted as ‘‘excellent’’ (B = 0.8–1.0),
‘‘substantial’’ (B = 0.6–0.8), ‘‘moderate’’ (B = 0.4–0.6), ‘‘fair’’
(B = 0.2–0.4), and as ‘‘poor’’ (B = 0.0–0.2) correlations (8).
All analyses were checked for outliers (Q3 SD of the
residuals) and when necessary sensitivity analyses was
conducted without outliers. Results of the sensitivity analyses
can be found in Appendix 1 (see Table, Supplemental Digital
Content 1, Results of the analyses that were used to assess the
agreement, association and correlation of the Fitbit compared
with the ActiGraph for the four types of activity data, http://
links.lww.com/MSS/A865). Statistical analyses were performed in R Studio (R Studio, Boston) using lme, lmer, glm,
and ggplot2 packages.

RESULTS
Descriptive characteristics. Aggregating the activity data
into the three aggregation levels resulted in data sets consisting of
138,224 observations for data aggregated into minute intervals,
2518 observations for data aggregated into hour intervals, and
168 observations for data aggregated into day intervals.
Table 1 shows descriptive characteristics of the study
sample (N = 34); the majority was female and of normal
weight. Three participants were excluded from the analyses
because of the lack of eligible data (at least 4 d of 10 h), and
one participant did not return the measurement devices. The
remaining 30 participants wore the devices for 13.7 (SD =
1.9) hIdj1 on average.
For steps per day, the absolute mean error percentages was
11.4% (median = 7.7%). As mentioned previously, this analysis was only applicable for steps per day because of ActiGraph
values of zero or close to zero for the other measurements.
Mixed model analyses showed a systematic overestimation
of the Fitbit for all activity data. The analyses for aggregation
level minute showed a significant overestimation of 0.82
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Moderate–vigorous activity

n, the number of observation for the aggregated data sets per time interval; B, regression coefficient; 95% CI, 95% confidence interval (B T 1.96 SE). Bland–Altman analyses show the mean difference between the Fitbit One and the ActiGraph
(Fitbit One–ActiGraph) and LoA (mean difference T 2 SD). Bold text indicates P = 0.000. Italic text indicates P = 0.01.
a
ICC values denote the interdevice reliability of the Fitbit and ActiGraph and was used for continuous variables.
b
Adjustments for clustering within individuals, days and hours for the mixed models analyses.
c
Adjustments for clustering within individuals and days for the mixed models analyses.
d
Adjustments for clustering within individuals for the mixed models analyses.

0.67 (0.28 to 0.83)a
0.37 (j0.10 to 0.69)a
3.88 (j5.88 to 13.64)
58.18 (j12.66 to 129.02)

3.88 (3.49 to 4.27)c
58.18 (50.11 to 66.25)d

0.57 (0.56 to 0.59)c
0.46 (0.41 to 0.52)d

0.66 (0.54 to 0.74)a
0.46 (j0.05 to 0.72)a
Vigorous activity

Moderate activity

Steps

Minute
Hour
Day
Minute
Hour
Day
Minute
Hour
Day
Minute
Hour
Day

9.28 T
509.46 T
7635.79 T
0.04 T
2.30 T
34.49 T
0.01 T
0.29 T
4.29 T
0.05 T
2.59 T
38.78 T

23.42
744.77
4553.39
0.20
4.86
26.94
0.07
2.40
11.55
0.21
5.72
31.96

10.10
554.62
8312.65
0.09
5.16
77.30
0.02
1.31
19.65
0.12
6.47
96.96

T 25.97
T 814.99
T 5135.68
T 0.29
T 6.33
T 42.79
T 0.15
T 3.66
T 20.00
T 0.32
T 8.42
T 54.68

1.03 (j3.82 to 5.87)
15.36 (j11.66 to 42.38)

2.86 (j6.73 to 12.44)
42.82 (j24.38 to 110.01)

1.03 (0.86 to 1.19)a
15.36 (12.29 to 18.44)d

0.50 (0.48 to 0.51)c
0.44 (0.38 to 0.50)d

0.57 (0.33 to 0.71)a
0.33 (j0.09 to 0.61)a
2.86 (2.55 to 3.16)c
42.82 (36.29 to 49.34)d

0.51 (0.49 to 0.54)c
0.39 (0.31 to 0.47)d

0.80 (0.79 to 0.80)a
0.97 (0.97 to 0.98)a
0.96 (0.91 to 0.98)a
0.72 (0.72 to 0.72)b
0.89 (0.89 to 0.90)c
0.86 (0.84 to 0.89)d
0.82 (j30.72 to 32.36)
45.16 (j320.89 to 411.21)
676.86 (j1584.09 to 2937.82)

0.82(0.64 to 1.00)b
45.16 (3.12 to 87.20)c
676.86 (j152.78 to 1506.50)d

Intraclass
Correlation (95% CI)a
Association with Mixed
Models Analyses, B (95% CI)
Fitbit (Mean T SD)
ActiGraph (Mean T SD)

(95% confidence interval [CI] = 0.64–1.00, mean ActiGraph =
9.28) steps per minute (Table 2). The analyses for the hour
level aggregation showed a significant overestimation of
45.16 (95% CI = 3.12–87.20, mean ActiGraph = 509.46)
steps, 2.86 (95% CI = 2.55–3.16, mean ActiGraph = 2.30)
minutes of moderate physical activity, 1.03 (95% CI = 0.86–
1.19, ActiGraph = 0.29) minutes of vigorous physical activity,
and 3.88 (95% CI = 3.49–4.27, ActiGraph = 2.59) minutes of
moderate–vigorous physical activity per hour. The analyses
for day level aggregation showed a significant overestimation
of 42.82 (95% CI = 36.29–49.34, ActiGraph = 34.49) minutes
of moderate physical activity, 15.36 (95% CI = 12.29–18.44,
ActiGraph = 4.29) minutes of vigorous physical activity, and
58.18 (95% CI = 50.11–66.25, ActiGraph = 38.78) minutes of
moderate–vigorous physical activity per day.
The Bland–Altman plots provide a visual representation
of the systematic differences and the plots are shown in
Figures 1–3. All Bland–Altman plots (Figs. 1–3) show wide
ranges for the LoA. For the assessment of steps per day, per
hour, and per minute, the differences between the two
measurements (y-axis) seem to be similar for different mean
values of the two measurements (x-axis) (Fig. 1). However,
a smaller range in differences in steps is seen for Q100 mean
steps per minute. By contrast, the physical activity intensities tend to show a larger range in differences between the
two methods (y-axis) with larger mean values, especially for
minutes in moderate–vigorous activity per day (Fig. 3C),
and in minutes in moderate activity per hour (Fig. 2A) and
per day (Fig. 3A). Finally, there seems to be a positive bias
for the comparison of the two methods regarding time spent
in moderate–vigorous physical activity per hour (Fig. 2C) as
well as per day (Fig. 3C). This is reflected by the more
positive different scores (y-axis) for the larger mean values
(x-axis). Table 2 shows the results of all Bland–Altman
analyses, mixed model analyses, and ICCs.
Analyses for the minute level aggregation showed an
excellent ICC for steps per minute (ICC = 0.80). Analyses
for the hour level aggregation showed an excellent ICC for
steps per hour (ICC = 0.97), but ICC values for time spent
on moderate, vigorous activity, and moderate–vigorous
physical activity were much lower (ICC = 0.57–0.67).
Analyses for the day level aggregation showed an excellent
ICC for steps per day (ICC = 0.96), but ICC values for time
spent on moderate, vigorous activity, and moderate–vigorous
physical activity were much lower (ICC = 0.33–0.46).

Time Interval

Excluded from analyses are participants with ineligible data (n = 3) or who dropped out (n = 1).

Type of Activity Data

a

Association and Correlation Analyses

5.2
12.0
14.1
2.0

Systematic Differences with
Mixed Models Analyses, B (95% CI)

3.9
9.3
7.5
2.2

4
3
23.8 T
182.5 T
76.3 T
22.7 T

Bland–Altman Analyses,
Mean Difference (LoA)

30
20
23.9 T
173.8 T
65.2 T
21.6 T

Agreement Analyses

34
23
23.9 T 3.9
174.8 T 9.9
66.5 T 8.9
21.7 T 2.2

Excluded from
Analysesa

Outcome Measurement

N
Gender (n = females)
Age (yr)
Self-reported height (cm)
Self-reported weight (kg)
Self-reported body mass
index (kgImj2)

Included from
Analyses

TABLE 2. Mean values of the ActiGraph data and results of the analyses that were used to assess the agreement, association, and correlation of the Fitbit compared with the ActiGraph for the four types of activity data (e.g., steps, moderate,
vigorous, and moderate–vigorous activity) and four time intervals (i.e., minute, n = 138,224; hour, n = 2518; day, n = 168).

All
Participants

SPECIAL COMMUNICATIONS

TABLE 1. Descriptive information (mean T SD) for the participants and those included and
excluded from the analyses.
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Mixed model analysis for the aggregation level minute
were conducted for steps only and showed a substantial association (B = 0.72, 95% CI = 0.79–0.80). Analyses for
aggregation level hour showed an excellent association for
steps (B = 0.89, 95% CI = 0.89–0.90) but moderate associations for time spent per intensity level (B = 0.51–0.57).
Analyses for the aggregation level day showed an excellent
association for steps (B = 0.86, 95% CI = 0.84–0.89),
moderate association for time spent in vigorous and moderate–
vigorous physical activity (B = 0.46–0.51), and a poor association for time spent in moderate physical activity (B = 0.38,
95% CI = 0.31–0.46).
The sensitivity analyses without outliers showed smaller
systematic errors for steps per day, hour, and minute compared with analyses with outliers.

DISCUSSION
This study compared Fitbit One measurements with
ActiGraph GT3X+ in terms of assessing physical activity in
different time intervals to assess the construct validity of the
Fitbit One for providing real-time physical activity feedback. The results indicate that the Fitbit One systematically
overestimates physical activity, shows excellent associations
with ActiGraph measures for step counts, but only fair to good
associations for time spent in moderate, vigorous physical
activity, and combined moderate–vigorous physical activity.
These measurement properties of the Fitbit One were similar
in the small time intervals (i.e., minutes and hours) and the
more aggregated time intervals (i.e., days), which suggests
that the Fitbit One is well suited for providing real-time
feedback on steps activity for self-monitoring.
The primary aim of this study was to assess the construct
validity of the Fitbit One using smaller time intervals compared with earlier studies. This focus on the smaller time
intervals is important because even if the Fitbit One was
shown to be valid in assessing daily activity, this could be
because measurement errors, over- and underestimations,
can balance out throughout the day, which would results in
good daily validity but not necessarily good minute or
hourly validity. Wearables, such as the Fitbit One, are often
used to provide the user with real-time feedback for selfmonitoring purposes, which is increasingly used in physical
activity interventions. Hence, minute-by-minute validity is
important as poor validity might be off-putting to users that
experience the wearable is not matching their activities in
real time. Therefore, it is important to also know the validity
of the Fitbit using smaller time intervals and, thus, if the
Fitbit One can be used for real-time feedback throughout the
day. The results showed a substantial correlation and significant association for steps per minute and an excellent correlation and significant association for steps per hour of the Fitbit
One and ActiGraph. Thus, results for the assessment of step
activity were similar for the aggregation levels hour and day,
whereas the results for steps per minute were slightly slower
but sill good. However, for minutes spent in moderate,
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vigorous, and moderate–vigorous physical activity per hour,
the Fitbit showed moderate correlations. Furthermore, the
Fitbit systematically overestimates activity compared with the
ActiGraph in all analyses. Looking at the systematic differences, there was no evidence for influence of time because the
overestimation is approximately the same for all time intervals.
Consequently, we conclude that the Fitbit is suitable for providing real-time feedback on progress in step activity and can
thus be used as an intervention tool to monitor step activity and
to provide feedback throughout the day. From a validity perspective, this makes the Fitbit One suitable as a self-monitoring
tool in physical activity interventions, especially when using
steps. However, the Fitbit is less suitable for providing instant
real-time feedback for physical activity intensity levels.
The secondary aim of this study was to assess the construct
validity of the Fitbit One for daily physical activity. Similar
results were found as for the analyses with smaller time intervals. An excellent correlation and significant associations
were seen for daily step activity; however, time per intensity
level varied substantially among the Fitbit and ActiGraph.
These results are in line with Ferguson et al. (10) who reported
a high Pearson correlation for step activity (r = 0.99) and
minutes of moderate–vigorous activity (r = 0.91) and an excellent interdevice agreement for step activity (ICC = 0.95) of
the Fitbit One and ActiGraph, but a lower value for minutes
of moderate–vigorous activity (ICC = 0.46). The Fitbit substantially overestimates daily step activity and daily minutes
spent in moderate, vigorous, and moderate–vigorous physical
activity activities compared with the ActiGraph, which is in
line with previous research (8,10). However, Gomersall et al.
(14) reported that the Fitbit One underestimated daily minutes
of daily minutes of moderate–vigorous physical activity with
19.2 minIdayj1. On the basis of these findings—when being
compared with the ActiGraph, the Fitbit is not suitable to
assess intensity levels of physical activity in daily life. The
substantial differences between the two measurements could
have arisen from differences in the algorithms that converted
the accelerometers activity counts into intensity levels of
physical activity. Unfortunately, Fitbit"s algorithm is not
publicly available, and therefore it remains unclear how the
Fitbit calculates the intensity levels of physical activity. However, it should be noted that in a validation study of Lee et al.
(16)—in a laboratory setting—lower mean absolute error
percentages were found between energy expenditure assessed
by indirect calorimetry and estimated energy expenditure by
the Fitbit One than energy expenditure estimated by the
ActiGraph. These results indicate, that the Fitbit One might
be more suitable for assessing energy expenditure than the
ActiGraph in a laboratory setting.
Although the Fitbit systematically overestimates step activity compared with the ActiGraph, according to TudorLocke et al. (25), the median of the absolute error percentage
is within the range of acceptable error. In general, an error
percentage of 10% is considered to be acceptable for assessing
step activity. Thus, the acceptable systematic differences
between and the high correlations of the Fitbit and the
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FIGURE 1—Bland–Altman plot for steps per day, hour, and minute for measurements with the ActiGraph and Fitbit, with adjusted means and LoA.
A, Bland–Altman plot for steps per minute. B, Bland–Altman plot for steps per hour. C, Bland–Altman plot for steps per day. The x-axis shows the
average number of steps, and the y-axis shows the differences in steps between the two methods. The mean values of all steps per day, hour, and minute
per individual are plotted in red.

ActiGraph strengthen the hypothesis that the Fitbit is suitable
for assessing daily step activity and that it could replace more
expensive accelerometers in physical activity interventions.
Nevertheless, an overestimation of 677 steps per day by the
Fitbit One should be taken into account. Furthermore, it
should be noted that although accelerometers are commonly
used for the assessment of physical activity in daily life, they
have some limitations. Accelerometers are limited in their
ability to capture upper body movement, and cycling (28).

VALIDATION STUDY OF THE FITBIT ONE

Further, accelerometers are not waterproof and thus they
are not able to record water activities (28). Furthermore, accelerometers also underestimate the energy expenditure for
activities while carrying heavy loads because the acceleration
patterns remain unchanged, despite the loads carried. Thus, accelerometers such as the ActiGraph and Fitbit One might underestimate total daily physical activity and energy expended (28).
A strength of this study is the novel approach by assessing
the validity of the Fitbit for different time intervals. Although
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FIGURE 2—Bland–Altman plot for minutes of moderate physical activity, vigorous physical activity, and moderate to vigorous physical activity
(MVPA) per hour, for measurements with the ActiGraph and Fitbit, with adjusted means and LoA. A, Bland–Altman plot for minutes of moderate
physical activity per hour. B, Bland–Altman plot for minutes of vigorous physical activity per hour. C, Bland–Altman plot for minutes of moderate to
vigorous physical activity per hour. The x-axis shows the average of the two measurements, and the y-axis shows the differences between the two
methods. The mean values of all steps per day, hour, and minute per individual are plotted in red.

several studies have assessed the validity of the Fitbit One, our
study did not only assess the validity of the Fitbit for total daily
physical activity but focused on smaller time intervals to determine the validity of the Fitbit for providing real-time feedback
for self-monitoring as well. Furthermore, this study used linear
mixed models analyses—and thus adjusted for clustering—to
determine the correlations and systematic differences for the
measurements of the Fitbit and ActiGraph in addition to the
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traditional analyses (e.g., Bland–Altman analyses and ICC),
which do not adjust for the dependency of the data. In addition,
the protocol was designed to be comparable with previous validation studies (6,15,26). Lastly, this study used the API to
obtain the Fitbit data, instead of manually copying the
displayed data on the website or app that is prone to errors. This
study also has some limitations. First, the ActiGraph GT3x+
was used as a reference measurement, and the limitations of this
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FIGURE 3—Bland–Altman plot for minutes of moderate physical activity, vigorous physical activity, and moderate to vigorous physical activity
(MVPA) per day, for measurements with the ActiGraph and Fitbit, with adjusted means and LoA. A, Bland–Altman plot for minutes of moderate
physical activity per day. B, Bland–Altman plot for minutes of vigorous physical activity per day. C, Bland–Altman plot for minutes of moderate to
vigorous physical activity per day. The x-axis shows the average of the two measurements, and the y-axis shows the differences between the two
methods. The mean values of all steps per day, hour, and minute per individual are plotted in red.

accelerometer, which are mentioned previously, should be
taken into account. Second, we used Troiano"s cut points to
categorize time spent in different intensities what may have
influenced the results: the cut points are based on regression
models and do not adjust for the individual"s characteristics and
Fitbit"s algorithm to categorize time spent at different intensities
are unknown and most likely differ from Troiano"s cut points.
Troiano"s cut points (or any other ActiGraph cut points) are

VALIDATION STUDY OF THE FITBIT ONE

certainly not a gold standard for determining physical activity
and have their own shortcomings. This is also illustrated by
the results of Lee et al. (16) discussed previously that indicated the Fitbit One might be more suitable for the assessment of energy expenditure than the ActiGraph when
using the traditional linear regression models. Third, because of dichotomous data for the intensity levels per
minute, it was not possible to assess the validity for
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minutes of moderate, vigorous, and moderate to vigorous
physical activity per minute. Lastly, the current study
assessed the validity of the Fitbit while worn on the hip.
Therefore, the current study cannot generalize the findings to
situations in which the Fitbit is worn on other sides (e.g., wrist
or bra).
In conclusion, this is the first study examining the validity of
the Fitbit One for the assessment of levels of physical activity in
real-life using smaller time intervals, which is essential for high
quality self-monitoring, which is increasingly used in physical
activity intervention studies. Although the Fitbit One overestimates the step activity somewhat, the Fitbit One can be
considered a valid device to assess step activity even for realtime minute-by-minute self-monitoring. However, when being
compared with the ActiGraph, the Fitbit One appears less
suitable to assess time spent in moderate activity, vigorous activity, and moderate–vigorous physical activity. To date, these
data are not shown to the user and validity should be improved
before this should be done. Further research is needed to examine whether the Fitbit One can be used as a (scientific)
measurement tool. Thus, on the basis of our findings, the Fitbit
One appears as suitable to deliver real-time feedback based on

step data for self-monitoring, even for small time intervals as
minute and hour intervals. Furthermore, the Fitbit One also
appears as a valid instrument to assess daily step activity.
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