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Abstract

Purpose: To conduct a pilot randomized trial testing an exercise program specifically adapted for
post-bariatric patients.

Methods: A total of 51 post-bariatric patients, 6-24 months post-surgery, were randomly
assigned to usual care control (n = 25) or the exercise intervention (n = 26). The intervention
included twice weekly 60 minute group exercise classes with functional strength, flexibility, and
aerobic activities; at least three days per week of self-directed exercise; daily pedometer; recording
of steps and activities; and weekly telephone counseling. There was also a six month maintenance
period.
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Results: Patients were 49 + 12 years old, 84% female, 59% non-Hispanic white, with a BMI of
32.9 + 5.7 kg/m? and percent excess BMI loss since surgery of 56% = 35%. Patients were 14 + 5
months post-surgery. A total of 44 patients (86%) completed both phases of the program and all
assessments. The following measures improved significantly for intervention participants with no
significant change in control participants: yards walked in six minutes, seconds for 8-foot up-and-
go, number of arm curls, and distance in inches for chair sit-and-reach. Intervention changes
remained after six months of maintenance.

Conclusions: When compared to patients in usual care, a specially adapted exercise program for
post-bariatric patients resulted in significant improvements in objectively monitored health
outcomes. This program was delivered in a clinical setting and could be implemented in a variety
of settings to improve health outcomes for post-bariatric patients.

Introduction

Bariatric surgery has now emerged as the most successful treatment for severe obesity.(1)
Despite these findings, there is a wide range in weight loss and regain after surgery even
within the same procedure, leading many researchers to investigate the predictors of weight
loss success.(2-4) Observational studies have shown that one of the most important
predictors of weight loss post-surgery is increases in self-reported physical activity.(5, 6)

In spite of the clear benefits that physical activity may have for bariatric patients, one of the
referral criteria for bariatric surgery is that they have made multiple attempts at weight
maintenance and have not been successful.(7) Thus there is skepticism that these patients
will be able to adopt and maintain an active lifestyle after surgery. There are some published
studies testing various exercise interventions for bariatric patients. Some have focused on the
pre-surgical period(8, 9) and others on the post-surgical period, primarily in the first year
after surgery.(10-13) Some have shown a positive impact on body composition and weight
loss, however, only one of the intervention studies followed U.S. federal guidelines for
regular moderate-to-vigorous physical activity (MVPA),(13) and only one included different
types of exercise such as strength and flexibility.(14)

By 2020, it is estimated that there will be over one million people who have had bariatric
surgery.(7) Developing exercise programs for post-bariatric patients in clinical settings that
meet public health recommendations for regular physical activity is important to protect the
healthcare system®s investment in bariatric surgery as a viable treatment for severe obesity.
However, there is still relatively little known about what types of exercise programs are
tolerated well by post-bariatric patients and what exercises are best for improvements in
daily functioning.(15) We adapted an effective program for adults with arthritis(16) for use
with post-bariatric patients and tested it using a randomized controlled trial. This pilot was
called Fitness and Exercise for Post-Bariatric Patients (FEPP). We hypothesized that 1) post-
bariatric patients participating in FEPP would have greater changes in physical fitness
measures and self-reported physical activity as compared to a usual care control group of
post-bariatric patients during a six month exercise program, and 2) that these changes would
be maintained after a six month maintenance phase where participants were transitioned to
more self-directed exercise.
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The study was conducted with Kaiser Permanente Southern California (KPSC) patients in
the San Diego county service region of the healthcare system. Weight loss surgeries are
performed in 10 different hospital facilities by 13 surgeons. The details of weight loss
surgery at KPSC have been published elsewhere.(17)

Patients were eligible for our study if they had the following characteristics: 1) having had
an initial bariatric procedure 6 — 24 months prior to the date we began recruitment, 2) having
no revisions of this procedure during this time, 3) having no conditions which would prevent
them from doing moderate weight-bearing exercise, 4) living in San Diego county, and 5)
planning to stay in the county for at least one year. Confirmation of their ability to
participate in a regular exercise program was obtained from each participant™s physician
before scheduling the baseline data collection appointment.

Recruitment was done by generating an eligible list of participants from a clinical bariatric
surgery registry(17) and mailing an introductory letter and “opt out/in” card to these eligible
patients. These mailings were followed-up by phone calls. If patients were contacted they
were informed about the study. If they indicated they were interested in participating, they
were scheduled for a 90 minute in person group baseline measurement session. Participants
received a $25 gift certificate for each measurement session they attended (baseline, end of
program [6 months], and end of maintenance [12 months]). They also received an additional
$25 gift certificate at each time point after they returned their pedometers. At no time were
patients reimbursed for participating in the exercise program. Incentives were only used to
encourage participation in the outcome measurements.

Participants were randomized with a 1:1 ratio to control or intervention conditions after the
collection of baseline data. Randomization codes were generated based on block
randomization with varying block sizes stratified by gender and bariatric procedure (gastric
sleeve, bypass, adjustable gastric band). All procedures were approved by the Institutional
Review Boards for Human Subjects at both Kaiser Permanente Southern California and San
Diego State University. The study design is shown in Figure 1.

Measurements

Objective physical measures.—The following measures were used for all time points
to assess changes in physical activity and fitness: Four consecutive day pedometer (New
Lifestyles NL-800, Lees Summit, MO) activity counts (two weekday and both weekend
days) and the six minute walk for assessment of aerobic fitness which have both been used
with other bariatric populations to measure physical activity,(18) weight and height for
calculation of body mass index (BMI; kg/m2) and percent excess weight loss (%EWL)
(calculated using a BMI of 25 mg/k? as the ideal target for 100% EWL), the 8-foot up-and-
go(19) and 30 second chair rise(20) for balance, mobility and coordination, the chair sit-and-
reach(21) for flexibility, and the arm curl(22) for strength and muscular endurance.
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Self-Report.—A single questionnaire was administered to all participants at baseline, after
the program ended (6 months), and after the maintenance phase (12 months). This
questionnaire contained measures of sedentary activity(23) and the aerobic exercise,
flexibility, and muscle strength questions from the Behavioral Risk Factor Surveillance
Survey (BRFSS).(24)

Exercise Protocol

Although there are a variety of exercise programs available for people with severe obesity
and a few for post-bariatric patients tested in the literature,(8-14) we felt there were none
that addressed all the challenges faced by post-bariatric patients when trying to exercise.
These included arthritis that is not substantially improved after weight loss,(25)
hypoglycemic episodes specific to the metabolic changes following bariatric surgery,
peripheral neuropathy in patients with diabetes as a result of poor glycemic control before
surgery which interferes with balance and coordination, loss of muscle and bone density
seen in rapid weight loss, nutrient supplementation and protein intake recommendations
specific to bariatric patients, and poor adherence with consistent exercise routines.

We began by adapting an exercise program designed specifically for people with poor
functional fitness and/or arthritis to increase all aspects of fitness (aerobic endurance,
strength, flexibility, and balance, with emphasis on dynamic balance and mobility).(16)
Mobility issues are often cited as barriers to exercise in these bariatric patients.(26) We
modified this curriculum to include a mastery learning approach(27, 28) to achieving the
final goals of MVPA at least 150 minutes/week and to include the most enduring strategies
for behavior change including self-monitoring, feedback, and goal setting, social support,
modeling, and tailoring prescriptions and messages.(28, 29) Finally, we added a
maintenance phase with booster exercise sessions and social support. These are all
fundamental strategies for successful behavior change that are the foundation of all good
exercise programs.

Finally, there were a number of modifications we made to tailor the program specifically to
post-bariatric patients in various phases of the weight loss trajectory (6 — 24 months after
surgery). These included the concept of “functional resistance exercise”(30) where patients
were taught to use their body weight as the resistance challenge to the neuromuscular system
and to focus on proper biomechanical movement during activities of daily living instead of
adding a traditional resistance component like weight lifting or the use of resistance bands.
This helped patients avoid further musculoskeletal injury in addition to assisting them to
adapt to the postural and balance changes that were necessary with large amounts of weight
loss.

Another adaptation was teaching patients to do flexibility and strength exercises while
standing or sitting in a chair instead of lying down, which was very uncomfortable for most
participants because of excess skin and body fat. It was also difficult and awkward for
patients to rise to a standing position from the floor. All exercises were tailored to the
specific needs of each patient according to their abilities and patients were allowed to
increase the frequency and intensity of activities as they mastered lower levels of exercise.
All exercises had intensity/difficulty levels so that they could be done safely and consistently
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at home. Handouts with instructions for proper exercise technique were given to all
participants for home use.

We also incorporated discussions during the exercise class about specific nutritional
considerations for exercise in post-bariatric patients. These included being prepared for post-
prandial hypoglycemia, the importance of using vitamin and mineral supplements, and
preparing for increases in appetite and the urge to overeat because they would “burn” the
extra calories off.

The final exercise prescription and program requirements were as follows: 1) attendance
twice per week at a 60 minute structured exercise class, 2) once per week phone counseling
sessions to review progress, set new goals, and problem solve barriers to change, 3) wearing
a pedometer daily, 4) reading the program curriculum, 5) and recording all out-of-class
physical activity and daily pedometer counts in the 10,000 Steps™ website. The
maintenance phase was designed to “wean” participants off the structure and requirements
of the program by reducing class attendance to once per week and counseling sessions to
once per month. The pedometer and website recording were made optional during
maintenance.

Regular post-operative care for bariatric patients included routine laboratory testing, weight
assessment, and phone calls from nurse care managers that included guidance about dietary
changes necessary throughout the post-operative period and counseling to encourage regular
MVPA.. Exercise counseling varied widely and did not contain any standardized
recommendations. Phone calls and monitoring were done within the first two weeks of
surgery, and then at two months, six months, and annually thereafter.

Descriptive statistics were presented as means + standard deviations for continuous variables
and frequency (percentages) for categorical variables, or otherwise as indicated. Baseline
characteristics were compared between control and intervention groups, and between
participants retained and lost to follow-up, using independent sample t-tests for continuous
and the chi-square statistic for categorical variables. Outcome measures over time were
analyzed using piecewise linear mixed-effect models with random intercept and linear slopes
assessing changes during the intervention period (baseline to 6 months) and the maintenance
period (6 months to 12 months) separately. Differences within and between groups for these
changes were evaluated and significance was set at p < .05. Data were analyzed following
the intent-to-treat principle where all randomized participants were included regardless of
whether or not they had outcome measures. Pedometer steps and 8-foot up-and-go scores
were log-transformed to approximate a normal distribution for statistical testing. Chair sit-
and-reach results were also transformed to remove negative values by adding a value of 15
to each score. SAS Enterprise Guide 4.3 (SAS Institute Inc., Cary, North Carolina) was used
for all data analyses.
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Results

Participants

Baseline characteristics were similar between control and intervention groups, and between
patients who did and did not complete the outcome assessments (Table 1). In general, the
patient population was middle aged, primarily women, non-Hispanic white, had gastric
bypass surgery, were just over a year post-surgery, and lost about 34 kg after surgery but
before beginning the study. All participants self-reported low levels of functional impairment
and moderate rates of physical activity at baseline.

Ten of the 25 intervention participants (40%) had a pre-existing condition that limited
exercise participation, despite being cleared for participation by their physicians and self-
reporting low levels of functional impairment at baseline. Of the remaining 15 intervention
participants, 44% developed a condition during the program limiting participation. Program
retention rates were 92% for controls and 81% for intervention participants. This remained
the same for controls at the end of the maintenance period but decreased to 77% for
intervention participants. Overall program retention was 84% for one year (see Figure 1).

Program Outcomes

Intervention phase (baseline to 6 months).—Means and standard deviations for
study outcomes are shown in Table 2 for control and intervention participants. The following
measures increased significantly for intervention participants with no significant change in
control participants: meters walked in six minutes (change of 30.45 + 8.8 [p =.001] for
intervention vs. change of 0.91+ 0.2 [p = .92] for control), log transformed seconds for 8-
foot up-and-go (change of —0.075 £ 0.035 [p = .035] for intervention vs. change of 0.045

+ 0.03 [p = .17] for control), number of arm curls (change of 1.60 + 0.69 [p = .02] for
intervention vs. change of 1.03 £ 0.64 [p = .11] for control), and distance in cm + 15 for
chair sit-and-reach (change of 1.57 + 0.68 [p = .02] for intervention vs. change of 0.39

+ 0.63 [p = .54] for control). No other significant changes were seen during the intervention
phase for either intervention or control participants.

Maintenance phase.—During the maintenance phase of the program, intervention
participants maintained the changes they had in yards walked in six minutes, log
transformed seconds for 8-foot up-and-go, number of arm curls, and distance in cm + 15 for
chair sit-and-reach (i.e. no significant differences between changes in maintenance phase
when compared to intervention phase). Control participants had a significant increase in
chair sit-and-reach during the maintenance phase (change of 1.96 + 0.63 during maintenance
phase [p =.003] vs. change of 0.39 * 0.63 during intervention phase [p = .54]).

Program Participation

During the intervention phase of the program, participants attended 56% of all classes
offered (an average of one class per week) and exercised 3.1 + 1.7 days a week outside of
class for 139.4 + 86.9 minutes per week. If the 60 minute classes are added to this total, then
participants exercised an average of four days a week for a total of 200 minutes. Participants
were able to make contact with the behavioral counselor 69% of the time and meet their
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goals 59% of the time (as assessed each week of the program). In addition, 87% of them
used the 10,000 Steps™ website and recorded their steps on 6.3 + 0.7 days per week.

During the maintenance phase, only 32% of intervention participants were able to attend one
class per week (an average of 1.5 classes a month) and exercised 2.9 + 1.8 days a week
outside of class for 122.9 + 87.7 minutes per week. If the 60 minute class is added to this
total, then participants exercised an average of 3 days a week for a total of 146 minutes.
Participants were able to make contact with the behavioral counselor 93% of the time and
meet their goals 65% of the time. The website and 10,000 Steps™ website were made
optional during the maintenance phase; 44% of intervention participants used the website
and recorded their steps on 4.5 + 3.1 days per week.

Discussion

Overall we found a number of significant health benefits for post-bariatric patients who
participated in FEPP as compared to participants randomized to usual care. These included
increases in objectively monitored aerobic fitness (six minute walk), strength (arm curl),
balance, mobility, and coordination (8-foot up-and-go), and flexibility (chair sit-and-reach)
after six months of a combined in class structured and home-based exercise program. These
improvements remained following six months of maintenance.

It is difficult to compare these findings to other post-operative bariatric exercise studies in
the literature because of the disparate exercise prescriptions and length of programs.(8-14)
To our knowledge, FEPP is the longest program with a focus on all aspects of physical
fitness (aerobic, strength, and flexibility) with special attention to exercise-limiting
conditions such as arthritis which are very common in severely obese patients having
bariatric surgery. Our program was based in sound theoretical principles of behavior change
and evidence-based public health recommendations,(27-30,31-33) which is not the case for
many of the programs studied to date.

Even with a strong theoretical, evidence-based strategy, our program was only able to
encourage patients to exercise consistently for four days a week with intensive support and
monitoring. When the monitoring and accountability was made optional during the
maintenance phase, patients were only able to achieve three days a week on a regular basis.
Without the structured exercise class, patients exercised an average of 140 minutes per week
during the intervention and 123 minutes per week during maintenance. Patients were able to
attend at least one structured exercise class per week during the intensive intervention phase,
increasing their total exercise to an average of 200 minutes per week. With optional
monitoring and accountability during maintenance, the exercise class attendance dropped to
an average of one class every two weeks, increasing their total exercise during this phase to
an average 146 minutes per week.

There were a number of limitations with our study that may have contributed to the fact that
we did not find improvements in excess weight loss, BMI, sedentary behavior, and either
self-reported or objectively measured MVVPA. The study was designed primarily as a
feasibility study to understand the functional limitations of post-bariatric patients and their

Obes Surg. Author manuscript; available in PMC 2018 November 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coleman et al. Page 8

physical and behavioral capacity for adopting the national recommendations for adult
regular physical activity, including the incorporation of strength and flexibility activities.
This was not powered for efficacy outcomes. In addition, we did not limit the study to
patients who were completely sedentary. Patients who were already physically active were
eligible for the study which may have limited the impact of our intervention on changes in
pedometer and self-reported physical activity. When compared to other populations in the
literature, however, baseline pedometer counts for all participants were typical for those seen
in sedentary adults(34) but lower than other published studies with bariatric surgery patients.

()

Another limitation of the study was that patients could be 6 — 18 months post-surgery which
is a very wide range in weight loss experience. We chose to use this wide range to have our
findings as generalizable as possible to the post-bariatric population. However, a narrower
post-operative time frame could have reduced variability in responding to the intervention
and thus we may have had more power to detect effects in weight and self-reported and
objectively monitored physical activity. In addition, most of our patients were in the BMI
range of 30 — 35 kg/m2 when they began the program. Our findings might not be
generalizable to patients at much higher BMI ranges who might have additional health
challenges compromising their ability to fully participate in all exercises.

Conclusions

Based upon our findings, it may be unreasonable to expect that most post-bariatric patients
can maintain the public health recommendations of 150 minutes per week of MVPA or
10,000 steps per day even after a six month gradual, mastery-based approach to exercise
adoption. It may be more reasonable to prescribe 3 — 4 days a week for 30 — 60 minutes with
a social support and monitoring component to improve adherence. We found large
variability in patients™ responses to the exercise program. Future protocols should test
strategies that include 1) use of individualized exercise targets, 2) broadening of aerobic
prescriptions from the traditional focus on walking, and 3) including circuit-based formats
with supervised, individualized exercise modification and an emphasis on strength,
flexibility, mobility, and improved functional status.
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2 Drop Out During
Intervention — Lack of Time
3 Do not Respond to 6
month Assessment

month Assessment

1 Does not
Respond to 12

25 Control 26 Intervention
2 Do not
Respond to 6
month
Assessment
23 Control 21 Intervention
Assessed at 6 Months Assessed at 6 Months
(End of Program) (End of Program)
23 Control 20 Intervention
Assessed at 12 Months Assessed at 12 Months
(Follow-Up) (Follow-Up)
Figure 1.

Design figure for Fitness and Exercise for Post-Bariatric Patients (FEPP) with sample sizes

for each group and assessment period.
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Baseline characteristics and statistical comparisons for intervention and control groups, and for participants
who did and did not complete the study.

Group Completed Assessments
Control Intervention No Yes
(n = 25) (n = 26) P (n=9) (n=43) p
Age 46.6 £12.0 52.0+10.9 0.14 47.1+13.6 498+ 11.4 0.31
% Female 21 (84%) 22 (84.6%) 1.00 8 (100%) 35 (81.4%) 0.33
Ethnicity 0.14 0.67
African American/Black 1 (4%) 3(11.5%) 0 (0%) 4 (9.3%)
Hispanic 8 (32%) 5 (19.2%) 3 (37.5%) 10 (23.3%)
Other 0 (0%) 4 (15.4%) 1 (12.5%) 3 (7%)
White 16 (64%) 14 (53.8%) 4 (50%) 26 (60.5%)
Typeof Surgery 0.69 0.06
Lap Band 1 (4%) 1 (3.8%) 1 (12.5%) 1 (2.3%)
Gastric Sleeve 7 (24%) 4 (15.4%) 3 (25%) 8 (18.6%)
Bypass 17 (68%) 21 (80.8%) 4 (50%) 34 (79.1%)
Timefrom Surgery to Baseline (months) 143 %59 132+46 0.39 12.1+52 14.0+5.3 0.31
Weight L ost before Basdline (kgs) 33.1+32.1 35.2+374 0.88 405+33.1 33.0+35.1 0.57
Objectively Monitored Outcomes
6 Min Walk (meters) 503.1+£77.2 495.7 £ 111.2 0.62 488.7 £ 109.6 501.4 +93.5 1.00
8 Foot Up-and-Go (seconds) 6.2+1.2 6.6+2.0 0.71 6.9+1.9 6.3+1.6 0.26
Arm Curls (#) 15.0+3.8 151+6.1 0.71 14635 151+53 0.69
Sit and Reach (cm) + 15 148+4.4 16.1+4.2 0.22 151+33 156 +45 0.81
Chair Rise (#) 11.0£35 11.0£35 0.97 11.0+34 11.0+35 0.60
Steps per Day (Goal: 10,000) 6640.5 +2795.5 | 6633.3 +3352.8 | 0.865 | 4683.7 £2019.8 | 7000.2 +3100.85 | 0.03
Weight (kg) 93.4+19.8 90.8 +23.0 0.52 94.4 +22.6 91.6+21.3 0.82
BMI (kg/m2) at Surgery 445+55 450+ 7.6 0.77 456+ 4.4 446+69 0.71
BMI (kg/m2) at the Time of Enrollment in
the Program 33.1+538 32.7+538 0.81 343+58 326+5.8 0.50
Self-Reported Outcomes
Flexibility (days/week) 17420 24427 0.52 18+23 21+24 0.86
Strength (days/week) 1.3+18 26+26 0.09 20+16 1.9+24 0.565
MVPA (min/week) 252.9 +180.5 291.1+192.8 0.37 190.3 £ 153.4 288.4 +189.2 0.185
Sedentary Activity (min/day) 179.1+70.4 166.5 + 87.8 0.49 174.1+87.2 172.2+78.9 0.93
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Outcome results presented for intervention and control participants in the intent-to-treat analyses. Data are

presented as means + standard deviations.

Usual Care Control Participants

Intervention Participants

Baseline 6 Months 12 Months Baseline 6 Months 12 Months

(n=25) (n=23) (n=23) (n=26) (n=21) (n=20)
6 Min Walk (meters) 503.1+£77.2 503.1+£79.7 508.0 + 94.6 495.7 £111.2 526.7 +87.0 521.2 +78.6
8 Foot Up-and-Go (seconds) 6.2+1.2 6.5+15 6.1+2.0 6.6 +2.0 6.2+1.6 59+11
Arm Curls (#) 15.0+38 16.2+4.0 16.9+43 151+6.1 17.4+58 16.5+4.7
Sit and Reach (cm) -0.16+44 0.43+3.7 24+41 11+42 25+34 2147
Chair Rise (#) 11.0+35 11.6+38 12.4+36 11.0+34 11.6+4.2 123+26
Steps per Day (Goal: 10,000) | 6640.5+2795.5 | 6800.7 +3650.3 | 7409.0 +4254.7 | 6633.3 £3352.8 | 7615.3 +4944.6 | 8624.9 +5436.8
Weight (kg) 93.4+19.8 93.6+21.8 946 +21.8 90.8 +23.0 87.0+21.0 89.0+21.0
Flexibility (days/week) 17419 16+24 14+21 24+27 32+19 34+28
Strength (days/week) 13+18 13+20 12+16 26+26 23%15 1.9+24
MVPA (min/week) 252.9 +180.5 272.7 +253.4 281.9+293.2 291.1+192.8 353.01 + 308.6 253.9+202.8
Sedentary Activity (min/day) 179.1+70.4 167.2 +104.1 171.4 £101.8 166.5 +87.8 153.3+92.7 153.3 +108.3
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