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We conducted a survey about recent surgical procedures on a large connected population
and requested each individual's permission to access data from commercial wearable devices
they may have been wearing around the time of the procedure. For subcohorts of 66—118 pa-
tients who reported having a weight loss procedure and who had dense Fitbit data around
their procedure date, we examined several daily measures of behavior and physiology in the
12 weeks leading up to and the 12 weeks following their procedures. We found that the weeks
following weight loss operations were associated with fewer daily total steps, smaller propor-
tions of the day spent walking, lower resting and 95th percentile heart rates, more total sleep
time, and greater sleep efficiency. We demonstrate that consumer-grade activity trackers can
capture behavioral and physiological changes resulting from weight loss surgery and these
devices have the potential to be used to develop measures of patients’ postoperative recovery
that are convenient, sensitive, scalable, individualized, and continuous.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Postoperative follow-up for patients undergoing weight loss surgical procedures is
typically episodic, with in-person assessments completed at 3-6 months, and then yearly
thereafter [1]. Moreover, much of the existing literature describes short observations
(approx. 1 week), commonly using accelerometer-based measures of physical activity,
during the 6- to 12-month postoperative period [2, 3]. While there has been some interest
in using commercial wearable devices to describe postoperative behavior, the currently
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available research has been limited in scope, typically bound to short observation windows
and/or only focused on assessing daily physical activity behavior in the form of daily total
steps [4-9]. Our current understanding of the changes in postoperative behavior and phys-
iology may not reflect the true relationship between these changes and outcomes of interest
such as successful weight loss, adverse event incidence, and resolution of obesity-related
medical comorbidities.

Data from new consumer and medical devices may be able to bridge this gap by providing
much-needed insights about the trajectory of physical functioning after weight loss surgery
on a finer timescale and longer time course [10]. As a first step towards understanding the
potential for new devices and data streams, we completed a preliminary retrospective
assessment of the impact of weight loss surgery on numerous behavioral and physiological
features derived from Fitbit consumer activity tracker devices.

Data Collection

Evidation Health currently supports a mobile consumer application called Achievement
that rewards members based on completing health-related behaviors and participating in
research. Achievement members can connect activity trackers and health applications and
authorize Achievement to automatically and continuously ingest connected data streams. We
deployed a short survey to Achievement members that asked about medical procedures they
have undergone in the 2 years prior to taking the survey.

Data Processing

A total of 50,938 individuals reported undergoing a medical procedure, and 1,203 of
those individuals reported undergoing a weight loss procedure. With the participants’
permission, we linked their survey responses to their activity data from June 1, 2015, to
January 1, 2019. Only participants with connected Fitbit device data (n = 675) were used in
the analysis. Fitbit devices have been found to be valid and reliable for capturing step, heart
rate, and sleep data [11-14]. We restricted the analysis to the time period encompassing 12
weeks (84 days) before to 12 weeks after the participants’ reported procedure dates (n =
520). We then applied a data density requirement (defined as having no more than 7 consec-
utive days of missing data within the 24-week observation window) to filter out participants
with sparse and/or inconsistent device data. Finally, we linearly interpolated gaps in the data.
The final analysis set consisted of 118, 66, and 87 patients with dense step, heart rate, and
sleep features, respectively. The data processing process is illustrated in Figure 1.

Statistical Analysis

We focused on examining the impact of weight loss procedures on 6 daily behavioral
features, 3 of which (total sleep time, sleep efficiency, and resting heart rate) were accessible
from the public Fitbit application programming interface (https://dev.fitbit.com/build/
reference/web-api/) and 3 of which were manually derived from the minute-level intraday
activity data (total step count, fraction of minutes per day with >0 steps, and 95th percentile
heartrate) [15-20]. To reduce the impact of day-of-the-week effects, we computed the weekly
mean of each feature for each participant for each week of the observation window (online
suppl. Tables 1-3; see www.karger.com/doi/10.1159/000506417 for all online suppl.
material). Finally, we ran a series of Wilcoxon signed-rank tests to determine if the distri-
bution of the weekly feature means was significantly different than the distribution of weekly
means from a baseline week (12 weeks prior to the operation). We chose week 12 prior to the
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Fig. 1. Sample data reduction process for physical activity data (steps) included in the analysis. We began
data processing by exploring (a) the representation of the availability of daily step data for the sample of 675
participants with activity data; then we (b) reduced the sample of participants to include only those with
daily step data for the 84-day period before and after the procedure and (c) further reduced the sample to
include only those participants who met the “dense data” requirements of at most 7 consecutive days of miss-
ing data within 84 days of the procedure date.

operation as the baseline week in order to account for potential behavioral changes in the
weeks leading up to surgery associated with surgical center recommendations or mandates
instituted by insurance providers [21]. We report several significant thresholds that corre-
spond to (a) no adjustment (p < 0.05), (b) a Bonferroni adjustment for running 23 tests per
feature (p < 0.00217), and (c) a Bonferroni adjustment for running 138 total tests (23 weeks x
6 features; p < 0.00036).
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Table 1. Participant demographics

Reported a weight ~ Had activity data ~ Analysis set

loss procedure from Fitbit
steps heart rate sleep
=120 t=us] (n=118) (n = 66) (n=87)

Gender

Female 1,047 (87%) 616 (91%) 109 (92%) 60 (91%) 81 (93%)

Male 133 (11%) 49 (7%) 7 (6%) 5 (8%) 5 (6%)

Other 3 (<1%) 2 (<1%) 0 (0%) 0 (0%) 0 (0%)

lllnavailable 20 (2%) 8 (1%) 2 (2%) 1 (1%) 1 (1%)
Age

Mean age + SD, years 36.0+10.2 36.4+9.5 38.0+9.8 37.1+8.8 37.3+¥9.5

Unavailable 17 (1%) 8 (1%) 1 (<1%) 1 (1%) 1 (1%)
Education

Doctorate, MD 10 (<1%) 4 (<1%) 0 (0%) 0 (0%) 0 (0%)

Graduate degree 166 (14%) 89 (13%) 16 (14%) 12 (18%) 9 (10%)

College degree (AS or BS) 477 (40%) 295 (44%) 59 (50%) 32 (48%) 46 (53%)

Some college 272 (23%) 151 (22%) 20 (17%) 12 (18%) 18 (21%)

Trade or vocational training 91 (8%) 54 (8%) 5 (4%) 2 (3%) 3 (3%)

High school diploma/GED 104 (9%) 51 (8%) 14 (12%) 6 (9%) 9 (10%)

No high school diploma 18 (1%) 9 (1%) 0 (0%) 1(2%) 0 (0%)

Unavailable 65 (5%) 22 (3%) 4 (3%) 1 (2%) 2 (2%)

GED, general equivalency diploma. ! Age at the time of the procedure is estimated based on information from a patient
ID-linked survey completed at a different time point than the medical event survey.

Patients included in the final analysis sample overwhelmingly were female and college
educated, with a mean age under 40 years. The full demographic characteristics available for
this analysis are presented in Table 1.

The changes in patients’ steps, heart rate, and sleep in the 12 weeks leading up to and the
12 weeks following their weight loss procedures are illustrated in Figure 2. Each of the 6
features we examined was significantly different from that at baseline (defined as preoper-
ative week 12) in at least 1 of the weeks following the operation. The weekly means for each
feature are reported in the online supplementary materials (Tables 1-3).

The patients were generally less physically active following their weight loss procedures
(Fig. 2). In week 0 (which consisted of the operation day and the following 6 days), the total
daily steps decreased by an average of 2,720 steps per day, from 7,030 (+3,438) steps per day
in preoperative week 12 to 4,310 (+3,620) steps per day (Wilcoxon test, p < 0.0001). The
weekly average total step counts remained significantly lower than those at baseline up until
postoperative week 4. Similarly, the patients spent greater proportions of the day not taking
any steps in the weeks following their operations. The average fraction of minutes per day
with atleast 1 step decreased by 39% in the week following the procedure (from 0.17 [+0.07]
on preoperative week 12 to 0.11 [+0.07] on week 0), and remained significantly lower than
atbaseline for a total of 4 weeks. Interestingly, the average weekly total step counts surpassed
the baseline levels in the third month following the procedure, but these differences were
only significant without adjusting for multiple comparisons.

Both resting heart rate and upper bounds (95th percentile) of daily heart rate decreased
in the 12-week period following the weight loss procedures. The decreases in resting heart
rate were especially pronounced, with the average weekly resting heart rates decreasing by
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Fig. 2. Changes in activity features throughout the pre- and postoperative period. Differences in weekly fea-
ture means relative to the feature mean of a baseline week (12 weeks prior to the operation) across patients.
Error bars correspond to the standard deviation of differences across patients. Weeks that are significantly
different from baseline are denoted with triangles, with colors that correspond to different significance levels
(gray: p < 0.05; yellow: p < 0.00217; orange: p < 0.00036), and directionality indicating an increase or a de-
crease relative to baseline.

at least 6 beats per minute (bpm) compared to baseline from postoperative week 5 onward.
Similarly, the 95th percentile heart rates decreased by approximately 2-4 bpm compared to
baseline from postoperative week 2 onward, but only some of the postoperative weeks were
significantly different from the baseline after adjusting for multiple comparisons.
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We observed short-term increases in total sleep time in the first several weeks following
patients’ operations and longer-term increases in sleep efficiency. On average, the partici-
pants slept 14 min more than at baseline in the week following their operation (week 0; p >
0.05) and a peak of 35 min more in the second postoperative week (p < 0.001). Sleep effi-
ciency increased slightly following the weightloss procedures, increasing from 91.0 in preop-
erative week 12 to a maximum of 92.1 in postoperative week 2 (p < 0.0001).

None of the weekly feature means were significantly different than those at baseline in
the preoperative period after adjusting for multiple comparisons.

This is the first examination of changes in continuous behavioral and physiological
measures after a weight loss procedure that makes use of data derived from consumer
wearable devices. In addition to exploring the trajectory of change of specific and meaningful
components of physical functioning and physiology, we found support that trajectory profiles
demonstrate differences in behavior that may be missed if only episodic measures were taken
during infrequent clinical encounters.

We observed a variety of changes inferred from consumer wearable device data that have
potential for providing additional insight into what occurs during the postoperative and
recovery periods for individuals who undergo a weight loss procedure. For example, we
found the resting heart rate to be decreased on average by 3 bpm the first week after the
procedure and by 7 bpm after 12 weeks. These insights may be useful as clinicians and
researchers explore methods of improving outcomes that are more relevant to patients and
reduce adverse events. The common marker of success for weight loss procedures is weight
reduction; however, postoperative outcomes related to quality of life have been found to be
more important to patients when compared to health professionals [22].

The current study design is based on individuals’ self-reported medical procedure infor-
mation. While such procedures tend to be impactful and recall should be high, there is a
potential for recall bias, especially surrounding the procedure date. Approximately 46% of
the individuals with dense data included in this analysis reported undergoing a procedure
within 1 year (365 days) of their survey completion date, hopefully reducing errors in
reporting the procedure date. Additionally, the medical procedure survey was designed to
assess avariety of procedures, and information about specific surgery types was not available.

One of the common criticisms of wearable devices is the lack of understanding regarding
device wear time in free-living conditions. We found that approximately 5-10% of the indi-
viduals in our connected population who self-reported having a weight loss procedure met
the data density requirements for inclusion in this analysis. While this may appear low, indi-
viduals were not purposefully recruited to use an activity tracking device during their proce-
dures, the data density thresholds were relatively strict, and this analysis was limited to only
a single device manufacturer (Fitbit). Additionally, survey responders were able to reference
surgical dates that were prior to the date they joined Achievement and/or purchased a Fitbit
device.

Prospective studies with individuals who are planning to undergo a weightloss procedure
may provide additional support for the use of consumer devices to continuously assess behav-
ioral and physiological changes and their relationship to outcomes of interest. For example,
a recent prospective study of 143 patients who underwent common elective surgical proce-
dures found significant differences in daily step counts between the preoperative baseline,
1-week-postoperative, and 4-week-postoperative phases, as well as differences between
surgery types [9]. While this analysis focused on comparing weekly feature means, features
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of connected wearable devices and the data they collect have the potential be used to develop
day-by-day recovery profiles similar to growth curves used for infants and children [23].
These recovery profile curves could be used to remotely monitor patients postoperatively
and identify when recovery deviates from a standard trajectory derived from real-world data
collected in prospective clinical trials.
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