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Abstract

Background We have previously reported on the benefits of
Pre-Surgical Exercise Training (PreSET) on physical fitness
and social interactions in subjects awaiting bariatric surgery
(BS). However, data are needed to know whether these bene-
fits are maintained post-BS.

Objectives The purpose of this paper was to evaluate the ef-
fect of PreSET on physical activity (PA) level, physical fitness,
PA barriers, and quality of life (QoL) 1 year (1-Y) after BS.
Methods Of the 30 participants randomized into two groups
(PreSET and usual care), 25 were included in the final analy-
sis. One year after BS, time spent in different PA intensities
and number of steps were assessed with an accelerometer.
Before BS and until 1-Y after BS, physical fitness was
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assessed with symptom-limited cardiac exercise test, 6-min
walk test (6MWT), and sit-to-stand, half-squat, and arm curl
tests. QoL, PA barriers, and PA level were evaluated with
questionnaires.

Results The number of steps (7460 vs 4287) and time spent in
light (3.2 vs 2.2 h/day) and moderate (0.6 vs 0.3 h/day) PA
were higher in the PreSET group 1-Y after BS. The changes in
6MWT heart cost (1.3 vs 0.6 m/beats/min), half-squat test
(38.8 vs 10.3 s), and BMI (- 16.8 vs — 13.5 kg/mz) were
significantly greater in the PreSET group compared to those
in the usual care group. No other significant difference be-
tween groups was observed.

Conclusion The addition of the PreSET to individual lifestyle
counseling seems effective to improve PA level and submax-
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imal physical fitness 1-Y after BS. Studies with larger cohorts
are now required to confirm these results.
The trial was registered at clinicaltrials.gov (NCT01452230).

Keywords Physical activity - Severe obesity - Physical
fitness - Quality of life - Bariatric surgery

Introduction

The vast majority of patients awaiting bariatric surgery (BS)
are inactive before surgery, and despite the massive weight
loss and a slight improvement in physical activity (PA) level
during the first year, most of them remain inactive after BS [1,
2]. Evidence is mounting to support the importance of PA
before and after BS to improve physical fitness, glucose me-
tabolism, body composition, and quality of life [3-6].
However, optimal support to help BS patients needs to be
developed.

The pre-surgical period could be an ideal starting point for
PA intervention. According to Bond et al., the motivation to
practice regular moderate PA and the engagement in various
PA intensities increased significantly closer to the candidate’s
surgery date [7]. In addition, prospective studies reported that
most patients remain in their pre-BS PA level categories, after
BS. In other words, patients with a higher PA level before BS
have a higher PA level after BS [1, 2]. Recent studies reported
that pre-BS PA interventions can improve physical fitness, PA
level, embarrassment to performing PA, enjoyment, self-effi-
cacy, and quality of life in subjects awaiting BS [3, 4, 6, 8, 9].
However, long-term studies showing maintenance of benefits
are necessary to justify the relevance of pre-BS PA interven-
tions. A recent publication from the Bari-Active trial tested a
6-week face-to-face PA counseling versus usual care and re-
ported that the intervention group maintained their pre-BS PA
improvement 6 months following BS [10]. However, no re-
sults are currently available for longer periods after BS, nor on
other outcomes (e.g., quality of life, physical fitness) or other
modalities of intervention (e.g., supervised exercise training).

We recently reported that adding a Pre-Surgical Exercise
Training program (PreSET) to an interdisciplinary lifestyle
intervention results in improvements in physical fitness, social
interactions, and embarrassment 12 weeks after the interven-
tion [6]. The main objective of this study was to compare
changes from baseline to 1 year (1-Y) after BS in PA, physical
fitness, PA barriers, and quality of life between the PreSET
and the usual care groups.

Materials and Methods

Considering that methods have been largely described else-
where [6, 11], here is only a brief overview.

@ Springer

Experimental Design

The trial was a randomized controlled study using an alloca-
tion list generated by a computer random sequence, stratified
by sex and maximal aerobic capacity (> or < 7 metabolic
equivalent of task (MET)) and kept in sealed envelopes.
Anthropometric data, body composition, physical fitness, PA
barriers, quality of life, and sociodemographic data were col-
lected before BS at three time points (before (T1) and 12 weeks
after the PreSET (T2) and 2 weeks before BS (T3)), and after
BS at four time points (3 (T4), 6 (T5), 9 (T6), and 12 months
(T7) after BS). A symptom-limited cardiac exercise test was
performed before (T1), 12 weeks after the PreSET (T2), and 1-
Y after BS (T7). Objective assessment of PA level with accel-
erometers was performed 1-Y after BS (T7). The study was
conducted after approval from the Ethics Review Board of
research on humans of the Centre Hospitalier Universitaire
de Sherbrooke (CHUS) and Université de Sherbrooke. All
participants gave informed consent. The trial was registered
at clinicaltrials.gov (NCT01452230).

Participants

Our sample consisted of 30 adult candidates to BS who were
randomized between the PreSET and the usual care group.
Only patients with BMI > 35 kg/m? and comorbidities or
> 40 kg/m?, aged between 18 and 65 years and without un-
controlled neuropsychiatric illnesses receive a laparoscopic
Roux-en-Y gastric bypass or sleeve gastrectomy at the
CHUS. Patients were approached for participation in the study
if they were expected to be operated within 3 to 6 months and
practiced less than two weekly supervised exercise sessions.
We excluded persons with (i) inabilities to regularly attend
supervised exercise sessions, (ii) medical contraindications
for PA, (iii) functional limitations not allowing them to com-
plete the 6-min walking test (6MWT), (iv) inability to speak
fluently the language in which the intervention was provided
(French), or (v) uncontrolled neuropsychiatric illnesses. After
enrollment, the only exclusion criterion was to have an injury
or an incident resulting in more than 2 weeks of an inability to
perform PA.

Interventions

All participants benefited from individual counseling sessions
every 6—8 weeks before BS during at least 6 months and at 3,
6,9, and 12 months after BS with a dietitian and a PA special-
ist, and 52% of participants (without significant difference
between groups) participated to voluntary group educational
sessions, called the “Motivated’s Club” on PA and nutrition
and psychological issues related to weight management [12].
In addition, the PreSET group underwent three weekly 80-min
sessions consisting of 10 min of warm-up, 30 min of
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endurance activity at 55 to 85% of'the heart rate reserve (tread-
mill, walking circuit, arm-ergocycle, elliptical, dance/aerobic
exercise), 20 to 30 min of strength exercises with small equip-
ment (dumbbells, elastic bands, medicine balls and sticks),
and 10 min of a cool-down period, with monthly aquagym
session, which lasted until 2 weeks before BS. Additional
details on the PreSET have been provided elsewhere [11].

Measures

The number of minutes of walking, moderate and vigorous PA,
and sitting time during the last 7 days was self-reported by par-
ticipants in the International PA Questionnaire-Short Form
(IPAQ-SF) [13]. To objectively assess PA, participants were
asked to wear a triaxial accelerometer (Actigraph® GT3X+,
Pensacola, FL, USA) at their right hip during all waking hours
7 days after the 1-Y assessment. It appears to be an accurate tool
to estimate free-living PA and has already been used in BS
participants [14, 15]. Only the data from participants with a valid
wear time period, i.e., 47 consecutive days with 9 h per day of
wear time, were considered for the analysis. The accelerometer
data was extracted using the Actilife software v.6.13.3 and saved
in 10-s epochs. The Freedson Combination (1998) formula was
used to calculate total energy expenditure (kcal/day), and cutoffs
were used to classify PA intensities, since the latter has not been
established in BS patients yet (sedentary time < 100 counts per
minute (cpm), light physical activity (LPA) = 1001951 cpm,
moderate PA (MVPA) = 1952-5724 cpm, and vigorous
(VPA) > 5724 cpm) [16]. Participants were categorized as active
(> 150 min per week of moderate to vigorous PA) or inactive
(< 150 min per week of moderate to vigorous PA) according to
accelerometer data. No wear time was defined as 180 min of
consecutive zeros [17]. A diary was completed by participants to
validate when they started and finished wearing the accelerom-
eter each day.

Physical fitness was assessed with symptom-limited car-
diac exercise test (Cornell 0, 5, 10 or Bruce protocols),
6MWT, and sit-to-stand, half-squat, and arm curl tests ac-
cording to standardized protocols described elsewhere [6,
11]. Briefly, during the 6MWT, participants had to walk as
far as they could for 6 min by going back and forth in a 30-m
corridor. The 6MWT heart cost (relative exercise intensity)
was calculated using the 6 MWT distance divided by 6MWT
mean HR [11]. For the sit-to-stand test, participants had to
stand up and sit down on a chair as many times as possible in
30 s, and during the half-squat test, participants had to main-
tain as long as possible this position: back against the wall,
arms crossed on chest, and flexion of 90° between thighs and
calves. Finally, the highest number of flexion/extension of
the dominant arm within a 30-s time frame with a dumbbell of
2.3 kg for women and 3.6 kg for men was performed during
the arm curl test.

The physical exercise belief questionnaire [18] was used to
assess PA benefits and perceived psychological barriers for 16
items divided into four categories: benefits of exercise, confi-
dence, embarrassment, and fear of injury. The scores to these
questionnaires were transformed into percentages of maximal
score.

Weight-related quality of life (WRQOL) was assessed
with the Laval questionnaire [19]. It contains 44 ques-
tions divided into six domains: symptoms, activity/mo-
bility, personal hygiene/clothing, emotions, social inter-
actions, and sexual life. Final scores are expressed in
percentage of maximal score and total score was created
by adding all the subscales’ scores.

Body weight, height, and neck circumference were
measured using standard protocols [11]. A bipedal
bioimpedance scale (Tanita TBF-300A®) was used to
assess body composition [6]. Resting blood pressure
and heart rate measurement were performed after
5 min of rest in a sitting position with an automatic
blood pressure device (Omron HEM 74) [6].

Statistical Considerations

Baseline characteristics were compared between groups with
Mann-Whitney for scale data or chi-square tests for nominal
data.

Given the number of time assessment (n = 7) and given its
robustness with missing data, we favored mixed model anal-
yses to assess the effect of the PreSET. Our model had the
following fixed effects: groups, time, and the interaction be-
tween group and time. We considered a random intercept with
a diagonal residual covariance matrix (allowing for a different
residual variance over time). For BMI, due to convergence
reasons, a simplified model was used with an identity matrix
multiplied by a scalar as the residual covariance matrix. We
did post hoc tests to verify if there were differences between
T1 and each of the other times. Normal residual distribution
was checked to valid statistical models. The Holm-Bonferroni
method was used to adjust p values according to the number of
comparisons.

Mann-Whitney tests were used for accelerometer parame-
ters (e.g., PA time, steps per day, and energy expenditure) to
test the differences between groups 1-Y after BS. The number
of active and inactive participants in each group was com-
pared with the Fisher exact test. Variables were presented
using the mean and its standard deviation (SD). The atten-
dance rate was calculated by dividing the number of sessions
performed (at home or at the hospital) by the number of ses-
sions required (3x/week) until 2 weeks before BS [11]. SPSS
(version 23.1; IBM Corporation, Chicago, IL) was employed
to perform all statistical analyses. The null hypothesis was
rejected at p < 0.05.
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Results
Population

The study flow chart is presented in Fig. 1. The baseline char-
acteristics of the participants are presented in Table 1. No
significant baseline difference was noted between the
PreSET and the usual care groups.

Physical Activity Intervention Attendance

The PreSET participants (n = 13) followed the exercise train-
ing program for 32.6 + 8.0 weeks before BS (range 27—
51 weeks). The duration of the training differs from one par-
ticipant to another due to different waiting times before BS.
The PreSET group attended a median of 70 (45-90) % of the
total recommended exercise sessions (3x/week) from the
baseline of the PreSET until 2 weeks before BS. Seven par-
ticipants (47%) attended more than 70% of the sessions.

Physical Activity Level

Changes in the declared PA level were not significantly differ-
ent between groups following BS (see Table S1).

Accelerometers were worn on average for 6.6 = 1.3 days and
13.7 + 2.0 h per day without a significant difference between
groups. Significant differences were observed between the
PreSET and usual care groups 1-Y after BS for the number of
steps per day and the duration of light and moderate PA per day,
as well as for total energy expenditure (see Fig. 2). The duration
of vigorous PA (0.02 + 0.10 vs 0.01 £ 0.00 h per day p = 0.42)
and sedentary time (10.4 + 1.2 vs 10.7 + 1.6 h per day; p = 0.62)
were not different between groups. The number of active par-
ticipants in the PreSET group was significantly higher 1-Y after
BS compared to the usual care group (75.0 vs 27.3%; p =0.03).

Physical Fitness

Figure 3A outlines a trend for a greater change in the 6MWT
distance in the PreSET group after BS (1-year mean change
(97.8 £ 56.8 vs 46.9 £ 70.3 m in usual care). The PreSET
group showed better improvement of the 6MWT heart cost
compared to the usual care group (global p value = 0.02) at 3
(0.5 £ 0.4 vs 0.1 £ 0.6 m/beats/min), 6 (0.8 £ 0.5 vs
0.5 + 0.4 m/beats/min), and 12 months post-BS (1.3 + 0.5 vs
0.6 £+ 0.4 m/beats/min) (see Fig. 3b). The PreSET group had a
greater increase in the half-squat test compared to the usual
care group (global p value = 0.02) (1-Y mean change

[ Enrollment ]

Assessed for eligibility (n=140)

Excluded (n=110)

+ Not meeting inclusion criteria (n=103)
[Inability to regularly attend exercise sessions
(n=80); current involvement in supervised
exercise (n=14); inability to speak fluently the
language used for the intervention (French)
(n=5); functional limitations (n=4)]

\4

Randomized (n=30)

+ Declined to participate (n=7)
[No research interest (n=5); did not like

!

(
L

Allocation ] Y

Allocated to exercise training (n=15)

+ Did not receive allocated intervention (n=1) (stomach
pain followed by no transportation to come to the hospital)

Allocated to interdisciplinary usual care (n=15)

[ Follow-Up ] v

No lost to follow-up or discontinued intervention

Lost to follow-up (n=2) (abandonment)

| |

Analysis

| |

Intention-to-treat analyses (n=13)

+ Excluded from analysis (n=2) (1 patient with a plaster
during more than two weeks; 1 patient wasn't operated (cancer))

Fig. 1 Flow of participant enrollment, allocation, follow-up, and analysis
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Intention-to-treat analyses (n=12)

+ Excluded from analysis (n=1)
(1 patient hospitalized more than two weeks)
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Table 1 Baseline characteristics
of participants PreSET group Usual care group p values

(n=13) (n=12)

Sociodemographic data

Age (years) 445+ 8.8 41.1+10.3 0.57
Female (%) 84.6 75.0 0.55
Married/in a civil union (%) 61.5 41.7 0.55
Post-secondary education (%) 46.1 25.0 0.47
Employed (%) 76.9 50.0 0.15
Family annual income > $60,000 (%) 38.5 58.3 0.52
Smoker (%) 0.0 8.3 0.42
Alcohol consumption > 4 times/week (%) 0.0 8.3 0.74
Medical data
Hypertension (%) 61.5 25.0 0.07
Dyslipidemia (%) 46.2 16.7 0.11
Type 2 diabetes (%) 38.5 41.7 0.87
Sleep apnea (%) 61.5 66.7 0.79
Heart and vascular diseases (%) 7.7 8.3 0.95
Asthma (%) 23.0 0.0 0.08
Arthritis and/or arthrosis (%) 30.8 333 0.89
Benefited from Roux-en-Y gastric bypass 62 73 0.44
%
§3e1)1eﬁted from gastric sleeve gastrectomy 38 27 0.44
(%)
Self-reported physical activity

Sitting time (min/day) 422.5+£205.0 454.6 £208.2 0.45
Total (METmin/week) 2023.6 £ 2548.0 2328.5+1708.9 0.18

Age and physical activity are presented with mean + SD
MET metabolic equivalent tasks, PreSET Pre-Surgery Exercise Training

38.8 £ 49.6 vs 10.3 £ 21.4 s) (see Fig. 3c). No significant ~ Physical Exercise Beliefs and Barriers and WRQOL
difference between groups was observed for changes in the

arm curl and sit-to-stand tests, as well as for the maximal  No significant difference between groups was found for
aerobic capacity (METS) obtained with the symptom-limited ~ changes in the belief in exercise benefits (global p val-

cardiac exercise (see Table S1). ue=0.44), confidence in athletic ability (global p value=0.19),
5 600 12000
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)
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3 o 5
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Fig. 2 Physical activity level 1 year following bariatric surgery. The asterisk indicates p < 0.05 compared to PreSET group, PA = physical activity,
PreSET = Pre-Surgical Exercise Training
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Fig.3 Pre- and post-bariatric surgery changes in the PreSET (n = 13) and
usual care (n = 12) groups. p* values compared with T1 unadjusted, p”
values compared with T1 adjusted with Holmes, 6MWT = 6-min walk
test, BMI = body max index, PreSET = Pre-Surgical Exercise Training.

embarrassment during PA (global p value = 0.32), fear of
injury (global p value = 0.77), or WRQOL (global p value
>0.28) (see Table S1).

Anthropometric Data and Vital Signs

The PreSET group had a more important decrease in BMI
at 9 (— 17.8 £ 7.0 vs — 12.8 = 5.0 kg/m?) and 12 months
(— 16.8 + 44 vs — 13.5 + 5.3 kg/m?) after BS (global p
value = 0.05) compared to the usual care group (see Fig.
3d). Compared to the usual care group, the PreSET also
had a significant larger decrease in fat-free mass at 6
(— 87 £35vs — 58 £3.7 kg), 9 (— 10.5 £ 4.1 vs
— 58 £3.5kg), and 12 (- 10.6 £ 4.3 vs — 6.6 + 3.9 kg)
months after BS (global p value = 0.03) (see Table S1). No
significant difference was observed between groups for
changes in the other anthropometric measures (i.e., neck
circumference, fat mass), as well as for resting heart rate
and blood pressure (see Table S1).
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Usual care group

T1 = baseline, T2 = 12 weeks after PreSET, T3 = 2 weeks before BS,
T4 = 3 months after BS, T5 = 6 months after BS, T6 = 9 months after BS,
T7 = 12 months after BS

Discussion

We have previously shown that the PreSET, in addition to
interdisciplinary lifestyle management, improves physical fit-
ness, social interactions, and embarrassment on the short term
(12 weeks) [6]. This study is the first to examine the long-term
effects of supervised exercise training compared to usual care
in subjects awaiting BS.

One year after BS, the PreSET group had a higher number
of steps per day (7460.4 +3869.4 vs 4287.5 £ 2248.5 steps/
day) and number of hours per day of light (3.2 £ 0.9 vs
2.2 + 1.1 h/day) and moderate PA (0.6 = 0.4 vs 0.3 +0.2 h/
day) compared to the usual group. Our results support those
of Bond et al. who concluded that pre-BS PA intervention
can positively impact the level of PA after BS [10].
Otherwise, our accelerometer results are not supported by
self-reported PA data. However, limited concordance be-
tween objective and self-reported assessments of PA had
been already noted in BS patients, and this underlines the
need for objective measures [20].
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One year after BS, we can still observe a larger improve-
ment in submaximal physical fitness in the PreSET group,
since the 6MWT heart cost, and the half-squat test showed
better improvements in this group. The 6MWT distance
change at 1-Y is larger in the PreSET group compared to that
in the usual care group (97.8 = 56.8 vs 46.9 + 70.3 m); how-
ever, the significant difference disappeared after Holmes ad-
justments. The better improvement of submaximal physical
fitness after BS in the PreSET is also supported by the differ-
ence in PA level between groups.

In contrast, we noted no difference between groups in max-
imal METS obtained with the symptom-limited cardiac exer-
cise. Several explanations can be advanced to explain this
result. First, as supported by our accelerometer data, the time
spent in vigorous PA is low and not different between the
groups 1-Y post-BS, reducing opportunities to improve max-
imal aerobic capacity. Second, the important massive weight
loss in the first year after BS may have masked the smaller
effects of PA on maximal aerobic capacity. Indeed, several
studies reported an improvement in maximal aerobic capacity
after BS [21, 22]. Unfortunately, this improvement is not re-
lated to a real improvement in physical fitness, since only the
relative maximal aerobic capacity (mL/min/kg) improved af-
ter BS, as opposed to the absolute capacity (mL/min) [21].
Data are required to see whether a difference between our
groups can be observed on the longest term in the weight loss
maintenance phase. Finally, our limited sample size can also
explain why we cannot detect a difference between groups.

Whereas a short-term effect on social interactions and PA
embarrassment has been demonstrated in our previous study
after the PreSET [6], we have not been able to demonstrate a
long-term significant difference between groups concerning
PA barriers and WRQOL. Our small sample size, as well as
the important change noted in WRQOL after BS, could ex-
plain this lack of significant difference [23, 24]. In addition,
we have assumed that the greatest attention, and encourage-
ments provided by the PA specialist, and group interactions
during the PreSET could partly explain the short-term im-
provement of social interactions. However, those elements
are no longer present after BS since the PreSET intervention
stops at the time of BS.

Although observational studies showed an association
between PA and weight loss after BS, several experimental
studies providing supervised exercise training after BS
found no significant weight loss difference between the
intervention and usual care groups [25-28], probably due
to the strong influence of BS on weight loss and the fact
that structured exercise may affect non-exercise PA [28].
However, we reported a larger decrease in BMI in the
PreSET group compared to that in the usual care group
(— 16.8 + 4.4 vs — 13.5 £ 5.3 kg/m?). According to our
results, this difference could be explained surprisingly by

the larger loss of fat-free mass in the PreSET group.
Nevertheless, the bioimpedance method used in this study
is not the gold standard to assess body composition, par-
ticularly in individuals with severe obesity [29, 30].
Additional studies and the use of different exercise modal-
ities and support are required to clarify the impact of PA on
weight loss and body composition after BS, but we strong-
ly believe that the major interest of PA after BS is to con-
tribute to weight loss maintenance.

The major strengths of this study were the collection of
1-Y post-BS data as well as the study design (randomized
controlled trial). However, several limitations have to be
considered. Our small sample size limited our ability to
detect significant differences between groups on some out-
comes and may not represent the whole obese population
awaiting BS. In addition, the high number of participants
excluded because they were unable to attend regular exer-
cise sessions (n = 80) limits the generalizability of our
results and the potential effectiveness of the intervention.
Due to the distance of patients’ home from the bariatric
surgery center, supervised exercise training at the hospital
is not always the best option for patients and alternative
delivery modalities like telehealth could be used for phys-
ical activity interventions [31]. The duration of the training
also differs from one participant to another due to different
waiting times before BS. Data on energy intake and type of
PA performed in post-BS (aerobic vs resistance) are miss-
ing, specifically that to explain the difference of fat-free
mass loss between groups. Finally, baseline accelerometer
data are missing to study the change of energy expenditure
after BS and assess baseline differences between groups.

Considering all these results, we can conclude that a
PreSET in addition to an interdisciplinary lifestyle counseling
seems promising to increase PA level and physical fitness 1-Y
after BS and is associated with a greater decrease in BML
Studies with larger cohorts are now needed to confirm these
results. Two- and three-year post-BS data are also required to
understand the impact of a PreSET during the weight loss
maintenance phase.
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