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Abstract

Background Exercise training optimizes cardiorespiratory fitness (CRF) after bariatric surgery, but the effect of spontaneous
physical activity is not well known. This study aimed to objectively quantify changes in CRF and habitual physical activity
6 months after bariatric surgery and to examine whether change in CRF was related to change in physical activity.
MethodsSecondary analyses were performed on data from women who underwent Roux-en-Y gastric bypass (RYGB)
between 2010 and 2014. Measurements were performed before and 6 months after RYGB and included VO,peak (graded
maximal exercise test on a cycle ergometer), habitual physical activity (Actigraph GT3x accelerometer worn during
7 days), and body composition (DXA absorptiometry). Changes after RYGB were analyzed using Wilcoxon signed-
rank test. Relations between change in CRF and change in physical activity were analyzed with Spearman correlations
adjusted on age and preoperative BMI.

Results Forty-five women (median [P,s—Ps] age, 43.0 [38.0-51.0] year; BMI, 42.6 [40.0-45.5] kg/m?) were included. Mean
(SD) weight loss 6 months after RYGB was —27.5 (7.9) kg (P <0.001). Absolute VO,peak decreased by 0.35 (0.50) L/min
(P <0.001) and relative VO,peak tended to increase by 1.7 (5.3) mL/kg/min (P = 0.06), both with large inter-individual vari-
ability. Based on objective accelerometry data, daily steps and moderate-to-vigorous physical activity increased by 1275 (3164)
steps/day and 7.6 (19.3) min/day, respectively (both P < 0.05). Change in absolute VO,peak was positively related to change in
moderate-to-vigorous physical activity (»=0.35; P=0.03).

Conclusions The decrease in absolute CRF observed 6 months after RY GB might be prevented by increasing habitual physical
activity.

Trial Registration clinicaltrials.gov identifier: NCT01113996
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Introduction

Bariatric surgery induces marked weight loss, reduces mortal-
ity, and improves obesity-related comorbidities as well as
health-related quality of life [1, 2]. Current guidelines for clin-
ical care in this setting include promotion of physical activity
(PA) to maintain or improve overall health and physical fitness
[1]. Physical fitness is a major health indicator [3]. The con-
cept of physical fitness includes different dimensions such as
cardiorespiratory fitness (CRF), muscular fitness, and flexibil-
ity [4]. The gold-standard method for measuring CRF is to
perform a graded maximal exercise test with direct measure-
ment of maximal oxygen consumption (VO,max) [5],
expressed either in absolute values (L/min) or relative to body
weight (mL/kg/min). Estimates of CRF can also be calculated
from heart rate response or exercise time to exhaustion during
maximal or submaximal exercise tests [5]. Low CRF is rec-
ognized as a major risk factor for all-cause mortality and car-
diovascular events, including in patients with obesity [6, 7].
CREF is also a marker of functional capacity and ability to
perform adequately the tasks of daily living [3]. In the bariatric
surgery setting, low CRF has been associated with increased
short-term postoperative complications [8].

Patients seeking bariatric surgery are characterized by
poor physical fitness as measured by low CRF, with mean
VO,max values below 20 mL/kg/min [9]. Surgery-induced
weight loss has been associated with a significant, al-
though modest, increase in relative VO,max [9—13]. In
contrast, absolute VO,max (L/min) has been found either
decreased [9, 10, 14] or unchanged [12] after bariatric sur-
gery. However, published studies have not consistently re-
ported changes in both absolute and relative VO,max.
Therefore, there is a need to better assess the magnitude
of change in both absolute and relative CRF values after
bariatric surgery.

PA is the main modifiable determinant of CRF, but the
response to PA varies greatly between individuals and also
depends on genetic factors [15]. We showed in a recent sys-
tematic review and meta-analysis that endurance-based exer-
cise training programs performed after bariatric surgery help
in improving CRF [16, 17]. Little is known about the role of
habitual (i.e., spontaneous) PA in this setting. Change in self-
reported PA has been found associated with change in calcu-
lated VO,max estimates [18]. However, association between
objectively measured PA and directly measured VO,max has
not been investigated.

Therefore, the aims of this analysis were to quantify chang-
es in CRF (VO,peak expressed as absolute value or relative to
body mass) and in accelerometry-assessed PA patterns
6 months after RYGB and to examine whether change in
CRF was related to change in habitual PA, with special atten-
tion to moderate-to-vigorous PA which forms the basis of
current PA recommendations.

Methods
Study Population

This analysis was conducted on a subgroup of participants
from a randomized clinical trial examining the effect of exer-
cise on physical fitness and body composition 6 months after
RYGB (clinicaltrials.gov identifier: NCT01113996) [19]. In
that trial performed at a single academic center, patients
undergoing RYGB and recruited from 2010 to 2014 were
randomly assigned to usual care (controls, N =22), or usual
care and additional oral protein intake (N =31), or usual care,
additional protein intake, and supervised resistance training
(N=23). All patients were encouraged to accumulate
150 min/week of moderate-intensity PA, as part of usual care
[20]. As reported elsewhere, analyses revealed no differences
in changes in CRF and habitual PA between the three groups
[19]. Therefore, data from patients included in the control
group and protein group were pooled for analyses in the pres-
ent study. The study protocol was approved by the ethics
committee of our institution. All patients signed a written in-
formed consent prior to initiating the study.

Measures

All measurements were performed before and 6 months after
RYGB [19]. CRF was measured by indirect calorimetry
(Cardiac Assessment System for Exercise (CASE), GE
Medical Systems Information Technologies Inc.) during a
graded maximal exercise test on a cycle ergometer (GE
Healthcare), as previously described [19]. Maximally
achieved oxygen consumption (VO,peak) was determined
as the highest attained VO, during the test and expressed in
absolute values (L/min) and relative to body mass (mL/kg/
min) and to lean body mass (mL/kg LBM/min).

Habitual PA and sedentary time were measured using the
Actigraph GT3x accelerometer (Manufacturing Technology,
Inc., FL, USA). Participants were asked to wear the Actigraph
at the hip using the provided elastic belt for 7 consecutive days
during all waking hours except during water-based activities.
Data were considered valid when the accelerometer was worn
for at least 4 days during at least 8 h each day [21]. Analyses
were restricted to patients who provided valid accelerometry
data both before and 6 months after RYGB. Based on previous
literature [22], cut-points below 100 cpm, between 100 and
1951 cpm, between 1952 and 5723 cpm, and over 5724 cpm
were used to quantify sedentary behavior, light-, moderate-,
and vigorous-intensity PA, respectively. Moderate-to-
vigorous PA (MVPA) bouts were defined as 10 or more con-
secutive minutes above the MVPA activity count threshold
with allowance of 2 min below this threshold [23]. Daily
steps, corresponding to the total steps accumulated during
wear time for a day, were calculated. As previously described,
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a conservative approach was used to determine step counts:
only steps taken at an intensity >500 cpm were registered
[24]. Patients were considered compliant to the 2008 US PA
guidelines when MVPA accumulated in > 10-min bouts was
> 150 min/week [4] and compliant to the 2018 US PA guide-
lines when total MVPA was > 150 min/week [25].

Body composition (fat mass, lean body mass) was mea-
sured by DXA scanning (Hologic Discovery W, software
v12.9; Hologic, Bedford, MA), as previously described [19].
Weight loss was expressed as change in body weight and in
body mass index (BMI). Diabetes was defined according to a
fasting blood glucose >7 or >11 mM 2 h after a 75-g oral
glucose tolerance test, or the use of antidiabetic drugs, insulin,
or GLP-1 analogs [19].

Statistical Analyses

Pre- and postoperative values are presented as median values
(25th—75th percentile) for continuous data and frequencies
and percentages for categorical data. Pre- to postoperative
changes are presented as mean (SD). Mean (min—max) values
are presented to characterize inter-individual variability in
CRF and MVPA changes. Given the non-normality of most
variables, non-parametric tests were used. Preoperative and
postoperative values were compared with Wilcoxon signed-
rank test for continuous variables and with McNemar test for
categorical variables (proportion of participants with obesity
comorbidities or compliant with PA recommendations).
Relations between change in CRF and change in MVPA were
analyzed with Spearman correlations adjusted for age and
preoperative BMI. The null hypothesis was rejected at
P <0.05. Analyses were performed using R version 3.4.3.

Results
Participant Characteristics

From the 53 participants included in the initial trial in the
groups without PA intervention, 45 participants provided valid
accelerometry data before and after surgery and 41 partici-
pants also performed a maximal exercise test at both time
points. Participants who did not provide valid accelerometry
and VO,peak data (N=12) did not differ significantly from
participants who provided valid data (data not shown). Before
surgery, 11 (24.4%) patients had type 2 diabetes. Six months
after RYGB, a significant weight loss (mean [SD] —27.5 [7.5]
kg) and fat mass and lean body mass loss (all P <0.001) were
observed (Table 1). The proportion of participants with type 2
diabetes and hypertension tended to decrease (P=0.07 and
P =0.08, respectively).
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Changes in CRF and in Accelerometry-Assessed
Physical Activity

Absolute VO,peak significantly decreased after RYGB by —
0.35 (0.50) L/min (P <0.001) (Table 1), with values ranging
from — 1.30 to + 0.53 L/min. VO,peak relative to body weight
tended to increase by 1.7 (5.3) mL/kg/min (P =0.06), with
values ranging from —9.6 to + 10.8 mL/kg/min. VO,peak
relative to lean body mass was not significantly different
6 months after RYGB.

Accelerometer wear time did not differ 6 months after
RYGB. A significant increase in daily steps (all P <0.05)
was observed. Mean duration of moderate- and vigorous-
intensity PA significantly increased (P < 0.05), which resulted
in a +39.7 (84.5) % increase in total MVPA (P <0.05).
Change in total MVPA ranged from —23 to + 69 min/day.
The duration of MVPA accumulated in > 10-min bouts in-
creased on average by more than twofold (P < 0.05). The pro-
portion of MVPA accumulated in > 10-min bouts also in-
creased from 7 to 16% of total MVPA (P < 0.05). The number
(%) of patients who did not engage in any MVPA bout >
10 min changed from 16 (36%) before RYGB to 8 (18%) after
RYGB (P=0.08). However, the proportion of patients com-
pliant to the 2008 and the 2018 US PA guidelines was not
significantly different 6 months after RYGB (9 to 20%, P=
0.07 and 60 to 67%, P = 0.60, respectively). The duration of
sedentary time and light-intensity PA was not different after
RYGB.

Relations Between Changes in CRF and MVPA

When adjusting for age and preoperative BMI, change in ab-
solute VO,peak after RYGB was positively related to change
in total MVPA (r=0.35; P=0.03) (Fig. 1a). Change in rela-
tive VO,peak tended to be related to change in total MVPA
(r=0.30; P=0.07) (Fig. 1b).

Discussion

In this study, we assessed changes in CRF and in accelerometry-
assessed habitual PA after bariatric surgery in women with obe-
sity. Six months after RYGB, we observed a significant decrease
in absolute VO,peak and a significant increase in habitual PA,
with large inter-individual variability for both outcomes. We also
found that change in CRF was positively related to change in
MVPA.

Our findings strengthen the notion that absolute CRF
decreases in the first months after bariatric surgery [9, 10,
14]. In contrast, because of massive weight loss, relative
VO,peak increases after bariatric surgery [9-13]. Relative
VO,peak being a strong predictor of both mortality and
functional impairment, this is an important benefit of
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Table 1 Characteristics of study participants before and after RYGB (V =45)
Before RYGB After RYGB Change P value
Mean (SD)
Age, years 43.0 (38.0-51.0) - - -

Body composition (N =45/53)
Body weight, kg 114.3 (104.2-129.4) 89.3 (77.3-100.2) —27.5(7.9) <0.001
BMI, kg/m’ 42.6 (40.0-45.5) 32.7 (29.8-36.0) -10.2(2.7) <0.001
Body fat, % 50.2 (48.0-52.0) 43.1 (40.2-45.8) -7232) <0.001
Fat mass, kg 57.6 (52.7-66.2) 39.7 (33.343.5) —19.8 (4.7) <0.001
LBM, kg 56.4 (51.8-61.2) 47.9 (44.1-52.0) -8.4(3.0) <0.001

Cardiorespiratory fitness (V=41/53)
Absolute VO,peak, L/min 2.13 (1.77-2.47) 1.78 (1.38-2.25) —0.35(0.50) <0.001
VO,peak relative to body mass, mL/kg/min 18.8 (16.2-21.7) 20.2 (16.6-24.3) 1.7 (5.3) 0.059
VO,peak relative to LBM, mL/kg LBM/min 38.8 (32.2-42.6) 35.1 (32.2-45.0) -1.3(10.2) 0.509

Physical activity (N =45/53)
Number of valid days 7(6-7) 7(6-7) -0.1(1.3) 0.596
Wear time, h/day 13.3 (12.3-14.1) 12.9 (12.1-14.3) —0.1(1.5) 0.778
Counts, counts/min 303 (238-373) 296 (249-406) 29.3 (126.5) 0.337
Daily steps, steps/day 5930 (4964-7726) 7244 (5735-9757) 1275 (3164) 0.024
Sedentary time, min/day 484.9 (423.7-537.0) 501.6 (416.1-531.7) -1.3(78.1) 0.612
Light-intensity PA, min/day 265.0 (225.4-344.9) 263.2 (229.1-317.8) -11.1(71.2) 0.491
Moderate-intensity PA, min/day 25.0 (16.7-35.9) 30.7 (17.9-45.4) 6.8 (17.9) 0.028
Vigorous-intensity PA, min/day 0 (0-0) 0(0-0.1) 0.8 (3.0) 0.042
MVPA, min/day 25.0 (16.7-36.0) 31.1 (17.9-45.4) 7.6 (19.3) 0.024
MVPA in > 10-min bouts, min/week 20 (0-92) 45 (20-91) 38.1(110.2) 0.034
MVPA in > 10-min bouts, % total MVPA 7.1 (0.0-26.4) 15.9 (6.8-30.1) +5.6 (15.0) 0.014

Data are median (25th—75th percentile) unless otherwise stated

P value from Wilcoxon signed-rank test; italicize values indicate significance with P <0.05

Censored steps were calculated by censoring steps taken at an intensity <500 cpm [24]
BMI, body mass index; LBM, lean body mass; RYGB, Roux-en-Y gastric bypass; PA, physical activity; MVPA, moderate-to-vigorous physical activity

bariatric surgery. Previous studies had reported mean in-
creases in VO,peak 6 months after bariatric surgery rang-
ing from + 1.3 [11] to 5.2 mL/kg/min [10]. The + 1.7 mL/
kg/min increase in VO,peak observed in our study is there-
fore consistent with previous results. However, despite
such increase, mean VO,peak remains very low after sur-
gery, with mean values around 20 to 25 mL/kg/min, corre-
sponding to that usually observed in older women from the

general population [26]. Further improving CRF in this
context is therefore an important objective to optimize
the benefits of bariatric surgery on health status and func-
tional capacity.

Our data suggest that increasing habitual MVPA may be an
important contributor to maintain CRF in the first months after
bariatric surgery. This is in line with controlled trials that re-
ported improvements in CRF after an exercise training

Fig. 1 Correlatlon between a r=0.35(P = 0.03) b r=0.30 (P = 0.07)
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program in patients undergoing bariatric surgery [16]. In our
study, MVPA increased on average by 8 min/day, with large
between-subject variability in both the direction and magni-
tude of change. Six months after RY GB, two-third of patients
were compliant with the latest US PA guidelines [25], and
only 20% were compliant with previous recommendations
that considered only MVPA accumulated in bouts of 10 min
or longer [4]. Some previous studies have shown no signifi-
cant change in accelerometry-assessed PA in the first months
after bariatric surgery [21, 27-30], in contrast with a number
of studies that have consistently reported increases in self-
reported PA [31]. Objectively measured PA data suggest that
weight loss alone might not be sufficient to substantially in-
crease habitual PA. Behavioral interventions targeting daily
PA might therefore be needed to help patients undergoing
bariatric surgery in reaching the recommended level of PA.

Another important finding of this study was that MVPA
accumulated in bouts represented less than 10% of total
MVPA before RYGB and less than 20% 6 months after
RYGB. Short bouts of MVPA were therefore largely predom-
inant both before and after RYGB. Similar patterns of MVPA
have been described in previous studies, with > 10-min bouts
MVPA representing 9 to 22% of total MVPA in patients after
bariatric surgery [21, 28, 32, 33]. Prolonged bouts of MVPA
appear more prevalent in normal-weight or adults with over-
weight, in whom MVPA accumulated in > 10-min bouts has
been found to reach up to 40% of total MVPA [34]. Growing
evidence suggests that MVPA is associated with health bene-
fits, independently of bout duration: short bouts of MVPA
have been associated with a reduction in mortality risk [35],
BMI or adiposity, blood pressure, and blood lipids and with
improved glycemic control [36]. However, there is no consen-
sus as to whether prolonged bouts of MVPA are more strongly
associated with health outcomes than short bouts [36]. Our
data suggest that modest improvement in total MVPA might
provide additional benefits on CRF after bariatric surgery,
even though short bouts of MVPA remain predominant. In
these subjects, maintaining long bouts of MVPA might be a
particularly challenging task. Therefore, promoting both inci-
dental and prolonged PAs may represent an important and
reachable objective in patients with severe obesity undergoing
bariatric surgery.

Strengths of the study include the objective measurement
of CRF and PA before and after RYGB in a homogeneous
group of women who received the same surgical procedure.
The use of min-by-min accelerometry data provided new in-
sights about accumulation of PA in these subjects, especially
regarding bout analysis. Although the most widely used ac-
celerometers in clinical and population studies, Actigraph ac-
celerometers have not been specifically validated in subjects
with severe obesity. Only women were included in the study,
and our subjects underwent only one type of bariatric proce-
dure, which prevents us from extrapolating results to all obese
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subjects and to those undergoing other types of bariatric sur-
gery. In addition, patients were initially included in a clinical
trial although we did not include subjects from the exercise
training group in our analyses.

Conclusion

This study shows that CRF relative to body weight tends to
increase in the early first months following bariatric surgery,
but that absolute CRF decreases significantly. A significant,
although modest, increase in habitual PA was also found.
Changes in both CRF and PA were characterized by large
inter-individual variability in both the direction and magnitude
of change. The change in CRF was positively related to the
change in PA, suggesting that habitual PA contributes to the
improvement in physical fitness after bariatric surgery. These
findings highlight the need to identify effective interventions
for promoting PA after bariatric surgery that can be incorpo-
rated into routine clinical care.
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