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Abstract
Background—Numerous studies report that bariatric surgery patients report more physical
activity (PA) after surgery than before, but the quality of PA assessment has been questionable.

Methods—The Longitudinal Assessment of Bariatric Surgery-2 is a 10-center longitudinal study
of adults undergoing bariatric surgery. Of 2458 participants, 455 were given an activity monitor,
which records steps/minute, and an exercise diary before and 1 year after surgery. Mean step/day,
active minutes/day, and high-cadence minutes/week were calculated for 310 participants who
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wore the monitor at least 10 hours/day for at least 3 days at both time points. Pre- and post-surgery
PA were compared for differences using the Wilcoxon signed-rank test. Generalized Estimating
Equations identified independent pre-operative predictors of post-operative PA.

Results—PA increased significantly (p<.0001) pre- to post-operative for all PA measures.
Median values pre- and post-operative were: 7563 and 8788 steps/day; 309 and 340 active
minutes/day; and 72 and 112 high-cadence minutes/week, respectively. However, depending on
the PA measure, 24–29% of participants were at least 5% less active post-operative than pre-
operative. Controlling for surgical procedure, sex, age and BMI, higher PA preoperative
independently predicted higher PA post-operative (p<.0001, all PA measures). Less pain, not
having asthma and self-report of increasing PA as a weight loss strategy pre-operative also
independently predicted more high-cadence minutes/week post-operative (p<.05).

Conclusion—The majority of adults increase their PA level following bariatric surgery.
However, most remain insufficiently active and some become less active. Increasing PA,
addressing pain and treating asthma prior to surgery may have a positive impact on post-operative
PA.
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INTRODUCTION
Observational studies suggest that more pre- and post-operative physical activity (PA) is
related to improved surgical outcomes, including weight loss(1;2). Studies of non-surgical
weight loss suggest that PA may also be an important contributor to long-term weight loss
maintenance following surgery(3–5). Furthermore, participating in regular PA improves
flexibility, strength and balance, helps build and maintain healthy bones, reduces risk of
cardiovascular disease, stroke, diabetes mellitus type 2, breast cancer and colon cancer,
improves immunity, promotes psychological well being, improves or maintains some
aspects of cognitive function, enhances quality of sleep, and delays all-cause mortality(6).

While there is a wide range of PA levels among bariatric surgery candidates, the majority
are insufficiently active to reap the benefits of regular PA(7;8). Studies of self-reported PA
have consistently shown that patients are more active following surgery(1). However, it is
unclear whether these increases are at least partially explained by misperception (i.e.,
improvements in functional capacity following surgery may cause patients to feel more
active) or reporting bias (i.e., knowing that they are expected to be more active, patients may
feel more pressure to over-report their PA following surgery). In a recent study utilizing
both a PA survey and an accelerometer in 20 Roux-en-Y gastric bypass (RYGB) and
laparoscopic adjustable gastric band (LAGB) patients, self-reported moderate-vigorous
intensity PA (MVPA) significantly increased more than four-fold from pre-operative to six
months post-operative while there was not a significant change in MVPA (or low intensity
PA) measured by accelerometer, suggesting patients over-reported post-operative PA(9).
Only two other studies(10;11) have reported pre- to post-operative change in objectively-
measured PA and both were limited by small sample size, potential selection bias, and use of
pedometers known to perform less accurately at slow walking speeds and with abnormal
gaits(12;13), which are more common with severe obesity(14;15).

In addition to determining mean change in PA following surgery it is important to consider
the variability in change. Using a cut point of at least 200 minutes/week of self-reported
walking and MVPA to define “active,” Bond and colleagues classified 199 RYGB and
LAGB patients into groups according to their pre- and 1-year post-operative PA level(16).
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While most remained in the same category, either active (42%; n=83) or inactive (20%;
n=39) at both time points, roughly one-third (34%; n=68) went from inactive to active, and
5% (n=9) went from active to inactive, with a mean decrease of 407 minutes/week,
suggesting that not only do some patients fail to increase their PA level 1-year following
surgery, some experience a clinically significant decrease in PA. However, to date, no other
studies have characterized the variability in change in pre- to post-operative PA. In addition,
little effort has gone into determining whether there are pre-operative patient characteristics
that can be used to identify patients at highest risk for insufficient post-operative PA.

To address shortcomings in the literature this study aimed to 1) characterize change in PA
pre- to 1 year post-operative in a large sample of bariatric surgery patients using a high-
quality PA monitor, and 2) identify pre-operative patient characteristics that predict change
in PA from pre- to post-operative and PA level at 1 year.

METHODS
Participants

The Longitudinal Assessment of Bariatric Surgery-2 (LABS-2) is an observational study
designed to assess the risks and benefits of bariatric surgery(17). Between March 2006 and
April 2009 2458 participants at least 18 years old who had not previously had bariatric
surgery underwent bariatric surgery at one of ten participating locations throughout the
United States. A research visit was scheduled within 30 days prior to scheduled surgery.
Participants returned for a 1 year post-operative follow-up visit between 90 days before and
180 days after their 1 year surgery anniversary date. All participating centers had
institutional review board approval and all participants provided informed consent.

Measures
Physical activity—The StepWatch™ 3 Activity Monitor (SAM, OrthoCare Innovations,
Washington, D.C.) is a small (75×50×20 mm) lightweight (38g) microprocessor-controlled
biaxial activity monitor, worn above the ankle, that combines acceleration, position, and
timing information to count strides (i.e. single leg-steps) per time interval. It is accurate in
lean and obese individuals at “slow” (i.e., 1.6 km/h) and “purposeful walking” (i.e., 3.2–5.6
km/h) paces and with a variety of gait styles, with accuracy typically exceeding 98%(18). Of
2458 participants in LABS-2, 455 were given a SAM at both the pre- and 1 year post-
operative research visit. Almost 70% (n=1707) of LABS-2 participants were not given a
SAM at one or both visits due to lack of available monitors; 12% (n=296) were not given a
SAM at one or both visits for other reasons (pre-operative research visit was less than 3 days
before surgery (n=71), walking limitation not related to obesity (n=8), wheel chair use
(n=8), refused to wear a monitor (n=121), did not attend the 1 year research visit (n=87),
reason unknown (n=1)). Trained research staff programmed the SAM to double count all
strides in 1 minute intervals with sensitivity settings appropriate to a participant’s height,
gait, and cadence using accompanying software. Participants were asked to wear the SAM at
least during waking hours for the seven consecutive days following their research visit, with
an option to wear the monitor continuously. Participants were also asked to complete a PA
diary, which assessed activities done specifically for exercise and the duration of each
activity, for this seven day period. Data from the manufacturer software were exported to a
SAS version 9.1 dataset (SAS Institute Inc, Cary, NC). Step counts at the minute level were
screened for signs of monitor malfunction. Non-wear periods were identified by intervals of
at least 120 minutes with no activity(19). Daily wear time was calculated as 24 hours minus
the duration of non-wear periods. For data to be valid, participants had to have at least 10
hours of monitor wear/day for at least 3 days at both the pre- and 1 year post-operative
assessments. These criteria were met by 310 (68%) of the 455 participants who were given a
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SAM at both time points. Step counts at the minute level were used to calculate mean daily
values for each participant for the following PA parameters: steps; minutes of activity, i.e.,
the number of minutes with step count greater than 0; high cadence minutes, i.e., the number
of minutes with more than 80 steps. For comparison with U.S. physical activity
recommendations, the number of high cadence minutes occurring in bouts of at least 10
minutes was also computed, allowing interruptions of 1 or 2 minutes below the threshold(20).

As proxy measures of weekly minutes of MVPA, high-cadence minutes (accumulated
individually and in bouts) and self-reported exercise were standardized to 1 week periods by
multiplying mean daily values by seven. Participants were categorized as “active” if they
accumulated at least 150 minutes/week(6). In addition, participants were categorized as
“active” if they accumulated at least 10000 steps/day(21). Changes in PA parameters were
calculated as the post-operative value minus the pre-operative value so that positive values
indicate an increase in PA. Participants were categorized as having a decrease in PA of at
least 5% if the post-operative value divided by pre-operative value was less than 95%.

Weight loss strategies related to PA—Participants completed a questionnaire
modeled after a questionnaire used in the Look AHEAD trial(22), which assessed use of
specific weight loss strategies related to PA (i.e., increased exercise level, used home
exercise equipment, recorded exercise daily, participated in group exercise, seen a personal
trainer) in the prior 6 months.

Anthropometrics, sociodemographics and physical illness—Anthropometric
measurements were made by trained personnel using standardized protocols. Body mass
index (BMI) was calculated as weight (kg) divided by height squared (m2). Percentage
weight loss was calculated as (pre-operative weight minus 1 year post-operative weight)
divided by pre-operative weight. Age, sex, race, ethnicity, marital status, education,
employment status, household income, smoking status, and walking limitations (i.e.,
inability to walk 200 feet unassisted and walking aid use) were assessed with a study-
specific questionnaire. Comorbidities were determined with a combination of self-report,
clinical assessment and medical chart review. An index of comorbidities was created as the
number of the following 10 comorbidities (range 0–10): diabetes, hypertension, ischemic
heart disease, congestive heart failure, history of stroke, sleep apnea, pulmonary
hypertension, asthma, history of deep vein thrombosis or pulmonary embolism (DVT/PE),
and venous edema with ulcerations.

Physical and mental health—Self-reported functional health and well-being were
assessed with the Medical Outcomes Study 36-item Short-Form Health Survey, a widely
used instrument with well-established validity and reliability(23). Responses to the SF-36 are
used to generate a score in four physical (physical functioning, role limitations due to
physical problems, bodily pain, general health) and four mental (vitality, social functioning,
role limitations due to emotional problems, and mental health) scales and two summary
scores (Physical Component Summary [PCS] and Mental Component Summary [MCS]).
Transformed scores have a mean of 50 and standard deviation of 10 in the general U.S.
population. A higher score implies better functioning.

Symptoms of depression—Past week depressive symptomatology was assessed with
the Beck Depression Inventory (BDI), version 1(24). The 21-item test is scored by assigning
a value of 0 to 3 to each response. However, no points were assigned to the BDI item
assessing weight loss for participants reporting that they had purposefully tried to lose
weight, which was assessed with an additional study-specific item, resulting in a maximum
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score of either 60 or 63, with higher scores indicating greater depressive symptomatology.
Those with a score of 10 or higher were categorized as having depressive symptoms.

Public distress and self-esteem—The Impact of Weight on Quality of Life-Lite
(IWQOL-Lite) is a 31-item questionnaire measuring the impact of weight on quality of
life(25). Participants rate items according to the extent to which they perceive their weight
adversely affects various activities, cognitions, and feelings, using a five-point scale, ranging
from "never true" to "always true." This analysis utilized two of the five summary scores:
public distress and self-esteem. Scores were transformed to range from 0 to 100. A higher
score implies better functioning.

Analysis
Potential selection bias was examined by comparing select pre-surgical characteristics of
LABS-2 participants in the analysis sample (n=310) to those excluded (n=2148) using
Pearson’s chi-square tests for categorical variables and the Wilcoxon rank-sum test for
continuous variables. The Wilcoxon matched pairs signed-rank test was used to test whether
there was a significant change in PA parameters. McNemar’s test was used to test for an
association between PA categories and time point. Logistic regression analysis was used to
determine pre-operative predictors of a decrease in steps of at least 5% from pre- to post-
operative, as well as accumulating at least 10,000 steps/day and, in a separate analysis, at
least 150 high-cadence minutes/week post-operative, with site and surgeon treated as
random effects. Generalized Estimating Equations (GEE) were used to determine pre-
operative predictors of steps, active minutes, and high-cadence minutes post-operative with
site and surgeon treated as a cluster. GEE were also used to determine factors associated
with change in continuous measures of PA. In addition to examining pre-operative factors,
changes in measures from pre-operative to post-operative (i.e., number of comorbidities,
SF-36 scores, BDI score, IWQOL-lite public distress and self-esteem scores, and percentage
weight lost) and 1 year post-operative measures were considered. In all multivariable
analyses, BMI, age, sex, and surgical procedure (RYGB, LAGB, other) were included as
independent variables. The following variables were retained in final models if they had a
significant (p<.05) independent relationship with the outcome: height, race, ethnicity,
education, employment status, household income, marital status, smoking status,
comorbidity index/individual comorbidities, walking aid use, SF-36 scores, IWQOL-lite
public distress and self-esteem scores, depressive symptoms, weight loss strategies related to
PA used in the 6 months prior to surgery, and pre-operative steps, active minutes, and high-
cadence minutes.

RESULTS
Participants

The only significant differences in pre-surgical characteristics between the 310 LABS-2
participants included in this analysis and the 2148 not included (Table 1) are that those with
SAM data at both time points were better educated (44.6% vs. 35.2% had a college degree;
p<.01), more likely to be employed full time (75.4% vs. 67.7%; p<.01), and less likely to
have walking limitations (e.g. 12.2% vs. 17.0% used a walking aid; p=.04). In addition,
more participants in the current analysis underwent either a Biliopancreatic Diversion with
Duodenal Switch, Sleeve Gastrectomy, or Banded Gastric Bypass (9.4% vs. 3.8%; p<.01).

Change in physical activity
As a group, participants were significantly more active 1 year post-operative than pre-
operative (table 2). However, there was a wide variation in change in all three objectively-
determined PA parameters (figure 1). For example, while the median change in steps/day
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was 1457 more steps/day, the change ranged from 7648 fewer steps/day to 17,205 more
steps/day. Sixty percent of participants had at least one bout of high-cadence minutes lasting
at least 10 minutes at post-operative vs. 39% at pre-operative (p<.0001). Still, at post-
operative participants only achieved a median of 23 high-cadence minutes/week in bouts of
at least 10 minutes; only 11% accumulated at least 150 high-cadence minutes/week in bouts.

Whether “active” was defined by at least 10000 steps/day or by at least 150 high-cadence
minutes/week (accumulated individually), significantly more participants changed from
inactive to active than from active to inactive pre- to post-operative (p<.0001; figure 2).
Similarly, significantly more participants changed from self-reporting fewer than 150
minutes/week of exercise to at least 150 minutes/week of exercise than vice versa pre- to
post-operative (table 3a). More participants also reported increasing their exercise level,
using home exercise equipment and participating in group exercise classes as weight loss
strategies post-operative, than pre-operative, while there was no significant change in the
percentage of participants who saw a personal trainer or exercise specialist, and significantly
fewer reported recording their exercise daily post-operative (table 3b). Yet depending on the
PA parameter, 23.6–29.0% of participants were at least 5% less active at 1 year post-
operative than pre-operative. Almost half (45.5%) decreased one or more PA parameters by
at least 5%.

Pre-operative predictors
Many pre-operative factors were related to 1 year PA in unadjusted analyses (data not
shown). However, in multivariable analyses once any of the pre-operative PA parameters
was entered, most other factors dropped out. In addition to pre-operative PA, which was
significantly positively associated with 1 year post-operative PA (table 4), less pain at pre-
operative was significantly associated with more steps and high-cadence minutes post-
operative. Not having asthma and increasing exercise as a weight loss strategy pre-operative
were also significantly associated with more high-cadence minutes post-operative. Adjusting
for sex, age, BMI and surgical procedure, the only factor independently associated with
achieving at least 10,000 steps/day at 1 year post-operative was pre-operative steps
(OR=1.5, 95% CI=(1.3–1.7), per 1000 steps/day). Similarly, the only factor independently
associated with achieving at least 150 high-cadence minutes/week at 1 year post-operative
was pre-operative high-cadence minutes (OR=1.6, 95% CI=(1.4–1.9), per 30 high-cadence
minutes/week). Finally, only pre-operative BMI was significantly independently associated
with decreasing steps/day by at least 5% at 1 year post-operative, when adjusting for sex,
age, and surgical procedure (OR = 0.62, 95% CI=(0.40–0.96) per 10 kg/m2).

Factors associated with change in physical activity
Factors independently associated with change in PA as a continuous variable are shown in
table 5. After controlling for sex, age, BMI, and surgical procedure, pre-operative PA was
significantly inversely associated with change in the corresponding PA parameter. In
addition, recording exercise within the past 6 months at post-operative was significantly
positively associated with change in steps and change in active minutes; fewer role
limitations due to emotional problems (SF-36 score) at post-operative was significantly
positively associated with change in active minutes; and having a LAGB vs. RYGB, greater
percentage weight loss from pre- to post-operative, and not smoking at post-operative were
significantly positively associated with change in high-cadence minutes.

DISCUSSION
This is the first study to examine pre- to post-operative changes in objectively-measured PA
in a large cohort (n=310) of adults undergoing bariatric surgery. In addition to examining
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daily steps, which can be accumulated at low, moderate or vigorous intensity PA, this study
examined high-cadence minutes, a proxy measure for ambulatory MVPA, and active
minutes, the inverse of sedentary time. This allowed us to better understand how different
aspects of PA change pre- to post-operative. Activity diary data was also presented to
provide insight into participants’ exercise habits.

Change in physical activity
As a group, participants were more active 1 year post- than pre-operative. While the degree
of change was less than what would be expected based on previous studies of self-reported
PA,(1) it was consistent with changes in time spent exercising as recorded in participants’
PA diaries. For example, using cut points of at least 10000 steps/day or at least 150 high-
cadence minutes/week to define active, approximately 20% of participants were active pre-
and 35% were active post-operative. Similarly, the percentage of participants reporting at
least 150 minutes of exercise/week increased from 30% to 46% pre- to post-operative.

When PA was dichotomized using steps or high-cadence minutes, only 4–7% of participants
were identified as active pre- but inactive post-operative. This is consistent with the study by
Bond and colleagues (2009), described earlier(16). However, in the current study, when
change in objectively-measured PA was evaluated on a continuous scale, roughly a fourth of
participants decreased their PA by at least 5%, indicating a sizeable portion of patients are
actually less active 1 year after having surgery. There was a similar pattern of change across
all three PA parameters suggesting similar degrees of change in MVPA and time up and
about performing activities of daily living.

1 year post-operative physical activity
At both pre- and post-operative more participants were categorized as active when self-
reported exercise, rather than objectively determined PA, was utilized. For example 46% of
participants reported exercising at least 150 minutes per week, while only 33% accumulated
150 high-cadence minutes/week and only 11% accumulated 150 high-cadence minutes/week
in bouts of at least 10 minutes. Given that activity monitors record steps from all ambulatory
activities, not just exercise, the direction of the discrepancy might be surprising. However,
there are several possible explanations: 1) participants over-reported the duration of
exercise, 2) participants reported exercise performed at low-intensity, 3) participants
achieved MVPA at a cadence below the threshold of 80 steps/minute or by doing non-
ambulatory PA.

Although there was also substantial variation in 1 year PA level, regardless of PA measure,
the majority of participants were insufficiently active. While the amount of PA required to
maintain weight loss is variable and may largely depend on dietary intake(26), studies of
non-surgical weight loss have shown that a substantial increase in PA level is required to
maintain weight loss in previously obese adults(27;28). Such studies have led the
International Association for the Study of Obesity to recommend 60- to 90-minutes of
moderate intensity PA (or lesser amounts of vigorous intensity PA) a day to prevent weight
regain(5).

Pre-operative predictors
Many pre-operative factors were related to 1 year PA in unadjusted analyses. However,
many were also related to pre-operative PA so they were not independently associated with
1 year PA once pre-operative PA was considered. In addition to pre-operative PA, less pain,
not having asthma, and having increased PA as a weight loss strategy prior to surgery were
also independently associated with higher PA at 1 year post-operative. Thus, increasing PA
level before surgery and addressing bodily pain and asthmatic symptoms before and in the
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early post-operative period may positively influence post-operative PA. However, an
observational study with self-reported PA in 42 LAGB patients found that pre-operative PA
was not significantly associated with 2 year post-operative PA, while perceived benefits of
exercise and confidence to exercise were (r=.36 and r=.35, respectively; both p<.05)(29).
Thus, more work is needed to confirm these relationships.

While we tested for differences in sociodemographics, health behaviors, physical health and
mental health indicators between those who did and did not have a decrease in PA, lower
BMI was the only factor independently related to a decrease in steps of at least 5%. This
finding suggests patients who are less severely obese at time of surgery are not exempt from
decreasing their PA following surgery. In addition, this study, along with the study by Bond
and colleagues, which found no significant differences in pre-operative demographics, BMI,
PA level or health related quality of life between those who increased their PA (inactive to
active; n=68) versus those who remained inactive (n=39)(16), suggests it may be very
difficult to identify patients in the pre-operative period who are likely to decrease their PA
or fail to increase their PA.

Factors associated with change in physical activity
To gain better insight into what might be affecting change in PA from pre- to post-operative
we examined whether change in other factors, as well as factors measured at the 1 year
assessment were associated with change in PA. Adjusting for pre-operative sex, age, BMI,
surgical procedure and PA, fewer role limitations due to emotional problems, greater weight
loss post-operative, and not smoking and recording exercise daily post-operative were
positively associated with change in at least one PA parameter. While it is possible that
increases in PA led to fewer role limitations due to emotional problems and greater weight
loss post-operatively, the inverse could also be true. On the other hand, not smoking and
recording exercise daily post-operative likely had a positive influence on change in PA
level. Thus, in addition to encouraging patients to be more physically active, medical
professions should consider encouraging smoking cessation and PA self-monitoring
behaviors, such as keeping an exercise diary, especially given that this weight loss strategy
was actually less common post- than pre-operative.

Strengths and limitations
A major strength of this study is the sample size (n=310). While participants were only a
subsample of the LABS-2 cohort, for the most part they were representative, reflecting the
fact that over 80% of exclusions were due to factors unrelated to participant characteristics
(e.g., lack of activity monitors), whereas the higher prevalence of walking limitations among
those excluded from the current analysis reflects the physical activity assessment exclusion
criteria (i.e. wheel chair use, walking limitation not directly related to obesity such as
sprained ankle or multiple sclerosis). Another strength of this study is that PA was measured
with a high-quality activity monitor that is reliable and valid in obese populations. In
addition, both the monitor wear protocol and data processing protocol followed best
practices(30), and analysis utilized three PA parameters that measured different aspects of
ambulatory PA. While the accuracy of the PA monitor to measure non-ambulatory activities
(e.g., swimming, water jogging, weight lifting, bicycling) is unknown, the PA diary data
indicated these activities were uncommon and were done with similar frequencies pre- and
post-operatively.

Conclusion
This study adds to the literature by highlighting the tremendous variability in change in PA
level from pre- to 1 year post-operative, which should raise awareness that many adults who
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undergo bariatric surgery do not increase their PA level and in fact some decrease their PA
level. In addition, this study reveals that the majority of adults who undergo bariatric surgery
are insufficiently active 1 year post-operative to reap the many benefits of regular PA, and in
particular to help prevent weight regain. Although gains in PA may be smaller among
patients with higher pre-operative PA, pre-operative PA had the strongest positive
association with post-operative PA. In addition, reporting an increase in PA in the 6 months
prior to surgery had an independent positive association with post-operative PA. Thus,
future work should examine whether increasing pre-operative PA among insufficiently
active bariatric surgery candidates increases their post-operative PA level.
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Figure 1.
Change in objective-measured physical activity parameters from pre-op to 1 year post-op
(n=310).
Footnote: *Two outliers (−343 and 932 high-cadence min/week) do not appear in the plot.
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Figure 2.
Pre- and 1 year post-operative physical activity using two criterion to define “active:” ≥
10,000 steps/day and ≥ 150 high-cadence min/week (n=310).
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Table 1

Pre-operative characteristics of LABS-2 participants included and excluded from analysis. N (%) unless
otherwise noted.

Included (n=310) Excluded (n=2148) p-value

Male 69 (22.3) 458 (21.3) 0.71

Age, range 19–76 18–78 0.75

median (Q1, Q3) 46 (37, 55) 46 (37, 54)

Race (missing=13) 0.53

    White 267 (86.7) 1833 (85.8)

    Black 33 (10.7) 221 (10.3)

    Other 8 (2.6) 83 (3.9)

Hispanic ethnicity (missing=1) 22 (7.1) 98 (4.6) 0.053

Education (missing=192) <0.01

    High school or less 51 (16.8) 470 (23.9)

    Some college 117 (38.6) 803 (40.9)

    College degree 135 (44.6) 690 (35.2)

Employed full-time for pay (missing=189) 230 (75.4) 1330 (67.7) 0.01

Household income (missing=252) 0.16

    less than $25,000 41 (13.7) 361 (18.9)

    $25,000–$49,000 77 (25.7) 492 (25.8)

    $50,000–$74,999 75 (25.0) 448 (23.5)

    $75,000–$99,999 48 (16.0) 305 (16.0)

    $100,000 or more 59 (19.7) 300 (15.7)

Married/living as married (missing=192) 197 (65.2) 1249 (63.6) 0.58

Smoking (missing=4) 0.20

    Never 181 (58.6) 1191 (55.5)

    Former 98 (31.7) 286 (13.3)

    Current/recent 30 (9.7) 668 (31.1)

Body mass index (kg/m2), range 34.3–76.0 33.0–94.3 0.62

median (Q1, Q3) 45.4 (41.7, 51.2) 45.9 (41.8, 51.5)

Number of comorbidities (missing=1) 0.34

    0 47 (15.2) 315 (14.7)

    1 84 (27.1) 547 (25.5)

    2 92 (29.7) 577 (26.9)

    3 57 (18.4) 414 (19.3)

    4+ 30 (9.7) 294 (13.7)

Pain score * (missing=195), range 18.0–60.4 18.0–60.4 0.31

median (Q1, Q3) 39.6 (35.4, 48.5) 39.6 (31.5, 48.5)

Physical function score * (missing=194), range 13.1–56.8 13.1–56.8 0.10

median (Q1, Q3) 37.1 (28.4, 45.8) 39.3 (30.6, 45.8)

Walking aid use (missing=219) 37 (12.2) 329 (17.0) 0.04

Assistance to walk 200 feet (missing=1) <0.01
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Included (n=310) Excluded (n=2148) p-value

    Can walk 200 feet unassisted 302 (97.4) 1975 (92.0)

    Can walk 200 feet assisted 8 (2.6) 140 (6.5)

    Cannot walk 200 feet 0 (0.0) 32 (1.5)

Surgical Procedure <0.01

    Roux-en-Y Gastric Bypass 214 (69.0) 1524 (70.9)

    Roux-en-Y Gastric Bypass 67 (21.6) 543 (25.3)

    Other** 29 (9.4) 81 (3.8)

*
Medical Outcomes Study 36-item Short-Form Health Survey score

**
Other procedures include Biliopancreatic Diversion with Duodenal Switch, Sleeve Gastrectomy, and Banded Gastric Bypass.

K=kilogram; m=meter;
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Table 2

Pre-op, post-op and pre- to post-op change in objectively measured physical activity (n=310). Median
(quartiles) and ranges are presented.

Pre-op 1 year post-op Pre- to post-op
change*

Steps/day 7563 (5570, 9575) 1552 ~
21349

8788 (6655, 11149) 1502 ~ 24121 1457 (−276, 2822) −7648 ~ 17205

Active min/day 309 (245, 380) 74 ~ 559 340 (276, 413) 88 ~ 679 31 (−27, 81) −222 ~ 330

High cadence min/week 72 (34, 130) 0 ~ 816 112 (50, 185) 0 ~ 977 23 (−8, 72) −343 ~ 932

High cadence min in bouts of at
least 10 min/week

0 (0, 26) 0 ~ 450 23 (0, 76) 0 ~ 680 1 (0, 50) −294 ~ 680

*
Calculated as post-op value minus pre-op value.

Wilcoxon matched pairs signed-rank test: p < 0.0001 for all comparisons
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Table 3

Pre-op, post-op and pre- to post-op change in self-reported exercise

3a. N (%) that recorded exercise in physical activity diary (n=276)*

Pre-op 1 year post-op Pre- to post-op change:
no to yes/yes to no

Some exercise 172 (62.3%) 196 (71.0%) 60 (21.7%) / 36 (13.0%)‡

At least 150 min/week 82 (29.7%) 127 (46.0%) 68 (24.6%) / 23 (8.3%)§

Walking 127 (46.0%) 151 (54.7%) 60 (21.7%) / 36 (13.0%)‡

Playing with kid 21 (7.6%) 20 (7.3%) 11 (4.0%) / 12 (4.4%)

Gardening 13 (4.7%) 26 (9.4%) 19 (6.9%) / 6 (2.2%)‡

Weight lifting 12 (4.4%) 33 (12.0%) 27 (9.8%) / 6 (2.2%)§

Bicycling 11 (4.0%) 14 (5.1%) 11 (4.0%) / 8 (2.9%)

Dancing 9 (3.3%) 14 (5.1%) 11 (4.0%) / 6 (2.2%)

Stretching exercises 10 (3.6%) 20 (7.3%) 15 (5.4%) / 5 (1.8%)†

Swimming 9 (3.3%) 6 (2.2%) 5 (1.8%) / 8 (2.9%)

Bowling 9 (3.3%) 9 (3.3%) 5 (1.8%) / 5 (1.8%)

Jogging 3 (1.1%) 18 (6.5%) 18 (6.5%) / 3 (1.1%)§

Aerobic dancing 1 (0.4%) 9 (3.3%) 9 (3.3%) / 1 (0.4%)‡

3b. N (%) that reported using weight loss strategies involving physical activity (n=299)*

In the past 6 months… Pre-op 1 year post-op Pre- to post-op change:
no to yes/ yes to no

Increased your exercise level (missing=11) 171 (59.4%) 199 (69.1%) 69 (24.0%) / 41 (14.2%)‡

Used home exercise equipment (missing=10) 74 (25.6%) 103 (35.6%) 62 (21.5%) / 33 (11.4%)‡

Recorded your exercise daily (missing=7) 55 (18.8%) 35 (12.0%) 23 (7.9%) / 43 (14.7%)‡

Participated in group exercise classes (missing=6) 38 (13.0%) 61 (20.8%) 41 (14.0%) / 18 (6.1%)‡

Saw a personal trainer or exercise specialist (missing=8) 52 (17.9%) 48 (16.5%) 34 (11.7%) / 38 (13.1%)

*
34/310 participants did not return a physical activity diary at the pre-op and 1 year post-op assessment.

McNemar’s test for agreement:

†
p < 0.05;

‡
p < 0.01;

§
p < 0.001

*
12/310 participants did not complete any of these questions at the pre-op and 1 year post-op assessment.

McNemar’s test for agreement:

‡
p < 0.01
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