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Pitié-Salpétriere, 47-83 Boulevard de I'Hopital, We aimed to assess the effectiveness of exercise training programs in adults with
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Email: alice.bellicha@u-pec.fr severe obesity undergoing bariatric surgery. A systematic search of controlled trials

published up to October 2019 that assigned participants to either a preoperative or
postoperative exercise training group or a nonexercise group was performed.
Meta-analyses were conducted using random-effects models. Twenty-two training
programs were assessed (18 performed after bariatric surgery). The effect of preoper-
ative exercise training on postsurgery outcomes was reported in only one study.
Compared with the control condition without exercise, postoperative exercise
training led to higher weight loss (N = 14, mean difference [95% Cl] = —1.8 [-3.2;
—0.4] kg, P=0.01), fat loss (N=9, P=0.01), increase in VO,max (N =8,
P < 0.0001), and increase in muscle strength (N = 9, P < 0.0001). No significant effect

was found on lean body mass (N = 11). Preliminary evidence suggests a beneficial
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1 | INTRODUCTION

In patients with severe obesity, bariatric surgery produces marked and
sustained weight loss; improves obesity comorbidities, physical func-
tion, and quality of life; and decreases mortality risk.> To further
enhance health benefits, lifestyle modifications including regular
physical activity are recommended.* However, most patients do not
reach recommended levels of physical activity after bariatric surgery.®
According to recent reviews, only small increases in objectively
assessed physical activity (e.g., using accelerometers) are observed
6-12 months after bariatric surgery,>¢ suggesting the importance of
physical activity promotion in these patients.

Over the past 10 years, a number of studies have assessed the
effects of exercise training programs in the bariatric surgery setting,
the majority of which have been performed after surgery. Contradic-
tory findings were reported regarding weight loss, with two system-
atic reviews and meta-analyses reporting greater weight loss in the
exercise versus control group”® and one review reporting no signifi-
cant effect.” The latter review,” however, included two interventions

based on respiratory muscle training,1%1!

a training modality that is
not expected to impact weight loss. This highlights the importance of
limiting inclusion criteria to whole-body exercise training based on
aerobic or resistance training, or both, when assessing the effect of

exercise on weight loss. An increase in cardiorespiratory fitness”*?

h*2 has also been reported after a postoperative

and in muscle strengt
exercise training program, although the effect on muscle strength has
not been assessed with a meta-analysis. Similarly, the effects of
exercise on important outcomes such as bone loss, quality of life,
habitual physical activity, cardiometabolic outcomes, or weight loss
maintenance after surgery have not been quantitatively synthetized in
previous reviews.” %1213 Finally, although there is only a limited
number of studies assessing preoperative interventions, recent data
on their effects have not been synthetized since 2015.%* Therefore,
an updated systematic overview and meta-analysis of this topic are
relevant and needed.

In the context of the European Association for the Study of
Obesity (EASO) Physical Activity Working Group (see summary paper
for details), the aim of this systematic review was to examine the
impact of physical activity interventions (i.e., exercise training pro-
grams) performed before or after bariatric surgery in subjects with

obesity on weight loss, changes in body composition including bone

effect of postoperative exercise training on bone mineral density (N = 3, P < 0.001)
and weight maintenance after the end of the intervention (N = 2, P < 0.001) but no
significant effect on quality of life (N = 2), habitual physical activity (N = 2),
or cardiometabolic outcomes (N < 4). In conclusion, exercise training performed after
bariatric surgery improves physical fithess and leads to a small additional weight and

fat loss and may prevent bone loss and weight regain after bariatric surgery.

bariatric surgery, body composition, exercise training, physical activity, severe obesity

mineral density, physical fitness, habitual physical activity, quality of

life, and relevant health outcomes.

2 | METHODS

This systematic review follows the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines and is regis-
tered in the International Prospective Register of Systematic Reviews
(PROSPERO) database (registration number CRD42019157823).

21 | Search strategy

Three electronic databases (PubMed, Web of Science, and EMBASE)
were searched for original articles published up to October 2019
using the strategy “physical activity” AND “age” AND “bariatric
surgery” (Table S1). Reference lists from the resulting reviews and
articles were also screened to identify additional articles.

2.2 | Study selection, inclusion, and exclusion

Articles were included if they involved adults (218 years) undergoing
bariatric surgery (indicated when body mass index [BMI] = 40 kg/m?
or 235 kg/m? with at least one obesity comorbidity according to a
majority of current guidelines) and participating in an exercise training
program before or after surgery. Other inclusion criteria were (1) con-
trolled trials with a comparison group of patients undergoing bariatric
surgery receiving usual care without following an exercise training
program; (2) exercise training based on aerobic and/or resistance
and/or high-intensity interval training (HIIT); (3) patients undergoing
gastric bypass, sleeve gastrectomy, gastric banding, biliopancreatic
diversion, or duodenal switch; and (4) preintervention to post-
intervention changes reported for at least one of the following out-
come category: anthropometry or body composition, objectively
measured physical activity or physical fitness, health-related quality of
life, and other relevant health outcomes. Presence of obesity
comorbidities was not an exclusion criterion (see Section 2 of the
summary paper for details). Abstracts and full texts were assessed for

eligibility by one author (A. B.), and this selection was then checked by
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another author (J. M. O.). Any disagreement between reviewers was

resolved through discussion.

2.3 | Data extraction and synthesis

Data were extracted by one author (A. B.) using standardized forms
and then checked by another author (J. M. O.). The characteristics of
each included article included reference, study design, number of
participants included, population characteristics (age, BMI, % female,
and type of surgery), description of exercise intervention and
comparison, outcomes, and duration of follow-up. Additional data
were obtained from six authors.1>72°

The findings pertaining to body weight and body composition
(fat mass and lean body mass), physical fitness, habitual physical
activity, health-related quality of life, and health outcomes of each
included article are reported. Data from intention-to-treat (ITT)
analyses were included whenever reported in included studies. In
addition, conclusions made by the study authors were reported, as
well as our appreciation of the author's conclusion.

Effects of preoperative interventions were described using a
semi-quantitative approach because of a very limited number of
studies (no more than three studies for a given outcome). The number
of studies with positive, null, or negative findings is presented. Effects
of postoperative interventions on changes in body weight, fat mass,
lean body mass, VO,max, walking test distance, muscle strength, bone
mineral density, moderate-to-vigorous physical activity (MVPA),
quality of life, blood pressure, and metabolic outcomes (homeostatic
model assessment of insulin resistance [HOMA-IR], low-density
lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol
(HDL-c), and triglycerides) were examined using random effects meta-
analyses (Review Manager version 5.3). The mean and standard devia-
tion (SD) of absolute change in intervention and control groups were
reported. Transformation methods were used for studies that did not
provide the SD of absolute change but provided the exact P value for
intragroup or intergroup analyses.?’ Pooled-effect estimates were
expressed as the weighted mean difference (MD) between exercise
and control groups for changes in body weight, body composition,
bone mineral density, blood pressure, MVPA, and quality of life and as
the weighted standardized mean difference (SMD) for changes in
physical fitness and metabolic outcomes. The SMD for changes
in VO,max was calculated based on changes in relative (mL/kg/min)
or absolute (L/min) values of VO,max. The SMD for changes in
walking test distance was calculated based on changes in the distance
walked during different walking tests (i.e., 6-min walk test and incre-
mental shuttle walking test). The SMD for changes in muscle strength
was calculated based on the changes in muscle strength assessed by
various methods (i.e., lower-limb or upper-limb one-repetition maxi-
mum and sit-to-stand test).

A P value <0.05 was considered statistically significant. Effect sizes
were considered large, medium, small, and very small when SMD was
>0.8, between 0.5 and 0.8, between 0.2 and 0.5, and below 0.2,
respectively.?? Heterogeneity was assessed using 12,2* with values

interpreted as low at 25%, moderate at 50%, and high at 75%.2% Tau?
and test of homogeneity are also reported. Prediction intervals (Pls)
were calculated when 210 studies were included in the meta-analysis®!
using the formula: 95%Pl = MD + 2 Tau??* To identify sources of
heterogeneity, sensitivity analyses with the one-study-removed
procedure were performed.?® Publication bias was assessed with visual
inspection of the funnel plot and Egger's regression test when the

number of studies included in the meta-analysis was 210.

2.4 | Quality assessment

Study quality was assessed with a standardized tool developed by the
National Heart, Lung, and Blood Institute (NHLBI, USA) that has been
previously used for defining guidelines for the management of
obesity, including 14 criteria, as previously described.?> Three criteria
were defined as “fatal flaws” when not met: (1) randomized study,
(2) dropout rate < 20%, and (3) ITT analysis. Other criteria were
adequate randomization method, treatment allocation concealment,
blinding treatment assignment, blinding outcome assessors, similar
baseline characteristics, differential dropout rate between groups
<15%, high adherence (i.e., participation to exercise training sessions
>70% or proportion of completers >70%), similar background treat-
ments, valid and reliable outcome measures, sample size justification,
and prespecified outcomes/subgroups. Study quality was defined as
good, fair, and poor when O, 1, or 22 fatal flaws were identified. Study
quality was assessed by one author (A. B.), and this assessment was
then checked by another author (J. M. O.). Any disagreement between

the reviewers was resolved through discussion.

3 | RESULTS

The database search yielded 4348 articles (2858 after removing
duplicates), 2793 of which were eliminated based on titles and
abstracts alone (Figure 1). The full text was retrieved from 65 articles,
and 31 met the inclusion criteria. Parent trials by Coen et al.?® and

.27 were each reported in four additional articles?®3>;

|36 |37

Mundbjerg et a

those by Castello et al.”° and by Baillot et al.®” were each reported in
one additional article.>®%? One article assessed two distinct interven-
tions.r” Therefore, a total of 22 distinct interventions were included

of which 16 were included in the meta-analyses.

3.1 | Study characteristics

Studies were published between 2011 and 2019 and were either ran-
domized (n = 14, 67%) or nonrandomized (n = 7, 33%)¢18:20:40-43
controlled trials (Table 1). The median (min-max) total sample size was
33 (6-220). Median age and BMI at baseline were 41 (33-54) years
and 43.1 (29.6-50.8) kg/m>. Both males and females were included in
15 studies of which the median percentage of females was
83 (60-92)%. Six studies included females only, 836404446
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Records excluded
(n=2,793)

Full-text articles excluded
(n= 34)
Literature reviews (n= 10)
Intervention is not exercise training (n=7)

Single-group interventions (n= 8)
No appropriate control group to assess the
effect of exercise training (n= 9)

—\
S Records identified through Additional records identified
§ database searching through other sources
s (n=4,348) (n=3)

5
il
L | |
Records after duplicates removed
(n=2,858)
m l
£
-
8
3 Records screened R
(n=2,858) v
l
p———\
o Full-text articles assessed
£ for eligibility L 5
5 (n=65)
2
l
po———
31 articles
b Post-operative exercise interventions
g Original articles (n=26) assessing 18 interventions
= 16 articles included in meta-analyses
Preoperative exercise intervention
Original articles (n= 5) assessing 4 interventions
FIGURE 1 Systematic review flow diagram

(19%)
and postsurgery in 17 (81%) studies. In the latter

Interventions were performed presurgery in four

Studie537,41,42,47

studies, patients underwent Roux-en-Y gastric bypass (RYGB) in nine

16.26,27,36,4043-4548 qlapye gastrectomy in one study,* and

studies,
either RYGB, gastric banding, or sleeve gastrectomy in the remaining
studies.}>17-2049:50 Eyercise training started 2 months (1 week-24
months) postsurgery, with a duration of 3 (1-24) months and 3 (2-5)

15194049 exercise training started

sessions per week. In four studies,
during the second postoperative year and inclusion spread over
in six (27%)
20,45,48

several months. Aerobic training was performed

17,19,26,36,40,47

studies, resistance training in three (14%) studies,

a combination of aerobic and resistance training in 12 (54%)

15-18,27.37,:41-44.49.50 and balance training in one (5%) study.*®

studies,
In two preoperative programs, aerobic training incorporated periods
of HIIT.#**2 Two studies included protein supplementation in the
exercise group.*>*° Exercise sessions were fully supervised in

15,26

15 (71%) studies, partially supervised in two studies or not

supervised in two studies.*”*° Supervision was not reported in two
studies.*¢4®

The most frequently reported outcomes were body weight
(n =22, 100%), physical fitness (n = 20, 91%), body composition
(n = 18, 82%), health-related quality of life (n = 8, 36%), and acceler-
ometer- or pedometer-assessed physical activity (n = 7, 32%). Follow-

up assessments were performed immediately after the intervention

(i.e., postintervention, in 18 [82%] studies), at short term (<6 months)
in one study,* at intermediate term (6-12 months) in one study,*®
and at long term (>12 months) in two studies.?”-38 Findings of all

included studies are presented in Table S2.

3.2 | Preoperative interventions

Because of the very limited number of studies available, 37384147

we
were not able to perform meta-analyses to assess the effect of
preoperative interventions. Instead, a semi-quantitative analysis is
presented. At the postintervention follow-up (presurgery), walking test
distance increased in the exercise group compared with the control

3747 and body weight decreased in two

group in two (100%) studies,
(67%) studies*>*” (Table 2). Fat mass, muscle strength, quality of life,
glucose metabolism, and lipid profile were improved in one (50%)
study.***” Nonsignificant findings were found for changes in VO,max

3741 in blood

in the exercise versus control group in two (67%) studies,
pressure in two (67%) studies,®”*” and in lean body mass in one (100%)
study.*? Long-term follow-up (at 1-year postsurgery) was assessed in
only one study, reporting a greater increase in habitual physical activity
in the exercise versus control group.*®8 BMI and lean body mass loss
were also larger in the exercise group, but no difference was found for

changes in fat mass, physical fitness, and quality of life.
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3.3 | Postoperative interventions

Findings of meta-analyses are summarized in Table 3.

3.3.1 | Body composition

A greater decrease in body weight (N = 14 studies) and fat mass (N = 9
studies) was observed in the exercise versus control group (Figure 2A,
B), but no significant difference in lean body mass was observed
(N =11 studies, Figure 2C). Sensitivity analyses did not show any
impact of removing poor-quality studies on the overall effect
(Table S3). Similarly, for all outcomes except for the change in lean body
mass, the one-study removed procedure did not show any impact on
the overall effect (Table S4). The change in lean body mass became sig-
nificant when deleting the study by Herring et al.*° and between-study
heterogeneity became null (MD: 0.9 [0.3; 1.6] kg, P = 0.007, I?> = 0%,
Tau? = 0.0, P = 0.44). When excluding the three interventions per-
formed during the second postoperative year,1”4%4? the change in lean
body mass was significant with low heterogeneity (MD: 1.0 [0.2;
1.9] kg, P=0.02, I> = 11%, Tau? = 0.16, P = 0.34). Visual inspection
of the funnel plots (Figure S1) suggested little evidence of publication
bias, which was suggested by Egger's test (P = 0.22 and P = 0.40 for
weight loss and lean mass loss outcomes, respectively).

3.3.2 | Physical fitness

Figure 3A),

walking test distance (six studies, Figure 3B), and muscle strength

A greater increase in VO,max (eight studies,

(nine studies, Figure 3C) was observed in the exercise group versus
control group. Subsample analyses were performed on VO,max
expressed relative to body weight. An MD of 2.73 [0.81; 4.64] mL/
kg/min, P =0.005, I> = 79%, Tau® = 0.28, P = 0.06, N = 6 studies,
was found. Sensitivity analyses did not show any impact on the
overall effect (Tables S3 and S4), and visual inspection of the fun-
nel plots suggested little evidence of publication bias (Figure S1).

3.3.3 | Bone mineral density, cardiometabolic
markers, physical activity, and health-related quality
of life

A lower decrease in bone mineral density was found in the
exercise group compared with the control group (N = 3 studies,
Figure S2). No significant effect of exercise training programs
was found on systolic and diastolic blood pressure (N =4 studies
each, Figures S4 and S6); glucose metabolism as assessed by
HOMA-IR (N = 2 studies, Figure S8); lipid profile as assessed by
LDL-c (N = 3 studies, Figure S9); HDL-c and triglycerides (N =4

TABLE 3 Summary of findings of meta-analyses
Outcome N studies MD [95% CI] or SMD [95% Cl] P value I? - Tau? (P value) [95% PI]
Effect observed after the intervention
Change in body weight 14 MD: —-1.8 [-3.2; —0.4] kg 0.01 35% - 2.28 (0.09) [-5.4;1.8]
Change in fat mass 9 MD: —-2.1 [-3.7; —0.5] kg 0.01 50% - 2.76 (0.04)
Change in lean body mass 11 MD: 0.7 [-0.2; 1.6] kg 0.13 45% - 0.92 (0.05) [-1.7; 3.1]
Change in bone mineral density 3 SMD: 0.44 [0.21; 0.67] 0.0002 0% - 0.0 (0.40)
Change in VOzmax 8 SMD: 0.70 [0.35; 1.10] <0.0001 42% - 0.10 (0.10)
Change in muscle strength 9 SMD: 0.82 [0.48; 1.16] <0.0001 42% - 0.11 (0.09)
Change in walking distance 6 SMD: 1.46 [0.27; 2.66] 0.02 90% - 1.98 (<0.001)
Systolic blood pressure 4 MD: —4.2 [-9.3; 1.0] mmHg 0.12 47% - 12.7 (0.13)
Diastolic blood pressure 4 MD: —-2.3 [-8.5; 3.9] mmHg 0.47 77% - 29.1 (0.005)
HOMA-IR 2 SMD: 0.14 [-0.10; 0.38] 0.27 0% - 0.0 (0.49)
LDL-c 3 SMD: —0.18 [-0.46; 0.09] 0.20 0% - 0.0 (0.59)
HDL-c 4 SMD: 0.10 [-0.16; 0.37] 0.45 0% - 0.0 (0.51)
Triglycerides 4 SMD: 0.01 [-0.26; 0.27] 0.97 0% - 0.0 (0.88)
Quality of life—physical dimension 2 MD: —2.5[-5.1;0.2] 0.07 0% - 0.0 (0.32)
Quality of life—mental dimension 2 MD: 3.9 [-0.5; 8.3] 0.08 0% - 0.0(0.37)
Effect observed after a follow-up without exercise®
Change in body weight 2 MD: -4.7 [-7.2; —2.1] kg 0.0003 0% - 0.0 (0.49)
Change in muscle strength 2 SMD: 0.78 [-0.08; 1.64] 0.08 57% - 0.23 (0.13)

Note: 95% PI: 95% prediction intervals. 95% Pl were calculated when the number of studies included in the meta-analysis was 210 for a given outcome.
Abbreviations: HDL-c, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-c, low-density lipoprotein
cholesterol; MD, mean difference; PI, prediction interval; SMD, standardized mean difference.

2Data are the difference between body weight or muscle strength after several months of follow-up without exercise (3 months in the study by Herring

et al.* and 12 months in the study by Mundbjerg et al.?”)

versus same outcomes measured before the beginning of the exercise training program.
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(A) Change in body weight (in kg)
Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Campanha-Versiani 4.3% 4.90[-1.10, 10.90] T
Castello 6.7% 0.00 [-4.49, 4.49] —
Coen (a) 9.9% -0.80 [-4.06, 2.46] —
Coleman 3.4% -3.28[-10.21, 3.65] R
Daniels 10.3%  -2.30 [-5.45, 0.85] —
Hassannejad (a) 8.3% -5.10[-8.89, -1.31] —_—
Hassannejad (b) 7.8% -4.90[-8.87,-0.93] —
Herring 8.7% -5.60[-9.26, -1.94] —
Huck 4.4% -3.20[-9.08, 2.68] —_—T
Mundbjerg (a) 14.2% -1.60 [-3.79, 0.59] i
Onofre 2.5% -3.40[-11.72, 4.92] —_— T
Oppert 9.4% 0.60 [-2.83, 4.03] o
Shah 8.6% 0.50 [-3.20, 4.20] —
Stegen 1.4% 3.90[-7.61, 15.41]
Total (95% CI) 100.0% -1.81 [-3.20, -0.43] @
Heterogeneity: Tau® = 2.28; Chi? = 20.14, df = 13 (P = 0.09); I* = 35% _210 _io ) 1? 2?0
Test for overall effect: Z = 2.56 (P = 0.01) Favours [exercise] Favours [control]
95% Prediction Intervals: (-5.4, 1.8)
(B) Change in fat mass (in kg)
Mean Difference Mean Difference
Study or Subgroup  Weight 1V, Random, 95% CI IV, Random, 95% CI
Coen (a) 14.6% -0.80 [-3.54, 1.94] —=
Hassannejad (a) 7.3% -6.00[-11.04, -0.96]
Hassannejad (b) 7.6% -6.90[-11.80, -2.00] —_—
Herring 13.6% -4.00 [-6.98, -1.02] L
Huck 9.1%  -3.00[-7.29, 1.29] s
Marchesi 18.3% -2.22[-4.18, -0.26] —
Oppert 16.5% 0.30 [-2.04, 2.64] —
Shah 9.6% 1.29 [-2.84, 5.42] e
Stegen 3.4% 1.70 [-6.50, 9.90] — =
Total (95% CI) 100.0% -2.08 [-3.70, -0.45] L2
Ty 2 . 2.76 - .86, - =0. : 2 I + + |
e O T COU SN SN
Favours [exercise] Favours [control]
(C) Change in lean body mass (in kg)
Mean Difference Mean Difference
Study or Subgroup  Weight 1V, Random, 95% CI IV, Random, 95% CI
Campanha-Versiani 11.8% 2.40 [0.66, 4.14]
Castello 9.1% 2.00 [-0.23, 4.23] b
Coen (a) 14.2% -0.20 [-1.59, 1.19] —u
Hassannejad (a) 4.2% 0.80 [-3.07, 4.67] e
Hassannejad (b) 3.9%  2.00[-2.05, 6.05] e
Herring 13.4% -1.60[-3.10, -0.10] —
Huck 8.4% -0.30[-2.68, 2.08] —_—
Marchesi 8.4%  1.70[-0.68, 4.08] T
Oppert 11.8%  1.10 [-0.64, 2.84] -
Shah 10.6% 0.10 [-1.84, 2.04) S
Stegen 4.1% 2.20[-1.72,6.12] e
Total (95% CI) 100.0% 0.68 [-0.20, 1.56] '
Heterogeneity: Tau? = 0.92; Chi? = 18.12, df = 10 (P = 0.05); I* = 45% ?_10 —=S ) é 101

Test for overall effect: Z = 1.52 (P = 0.13)
95% Prediction Intervals: (-1.7, 3.1)

Favours [control] Favours [exercise]

FIGURE 2 Changes in body weight (A), fat mass (B), and lean body mass (C) after bariatric surgery in exercise group compared with control
group. Presents the difference in change in body weight and body composition after bariatric surgery between the participants in the exercise
and control groups. Exercise training was performed after surgery in all studies. Hassannejad et al. (a)*”: aerobic training. Hassannejad et al. (b)'”:

aerobic and resistance training. Mundbjerg et al. (a),2” Coen et al. (a)?®

studies each, Figures S11 and S13); MVPA, physical, or mental Maintenance of effects
dimension of quality of life (N = 2 studies each, Figures S15-518).
Funnels plots are presented in Figures S3, S5, S7, S10, S12,

S14, S16.

334 |

The maintenance of effects after a follow-up without exercise

training was assessed in two studies (with a follow-up duration of
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(A) Change in VO,max
Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI

Coen (b) 23.5% 0.44 [0.05, 0.84) —-—

Huck 8.7% 0.47 [-0.56, 1.50] ]

Marchesi 6.3% 2.16 [0.89, 3.43]

Mundbjerg (b) 19.3% 0.66 [0.14, 1.18] —

Onofre 5.1% 1.82 [0.38, 3.26] —_—
Oppert 17.2% 0.45 [-0.14, 1.04) T

Shah 10.9% 1.13 [0.25, 2.01) I —
Stegen 8.9% 0.02 [-0.99, 1.04] —

Total (95% CI) 100.0% 0.70 [0.35, 1.06] @
Heterogeneity: Tau? = 0.10; Chi* = 12.09, df = 7 (P = 0.10); I’ = 42% _?4 _?2 ) é’ 4

Test for overall effect: Z = 3.89 (P < 0.0001)

(B) Change in walking test distance

Std. Mean Difference

Favours [control] Favours [exercise]

Std. Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI

Castello 17.1% 0.72 [-0.17, 1.62) -

Coleman 15.8% 4.79[3.58, 5.99] —
Hassannejad (a) 17.2% 0.44 [-0.41, 1.28] =

Hassannejad (b) 17.0% 0.61 [-0.30, 1.51]) T

Herring 16.3% 2.07 [0.96, 3.17] ——

Stegen 16.6% 0.40 [-0.62, 1.43]) -

Total (95% CI) 100.0% 1.46 [0.27, 2.66] -

Heterogeneity: Tau’ = 1.98; Chi* = 44.67, df = 5 (P < 0.00001); I = 89% F 10 _15 o 5 10?

Test for overall effect: Z = 2.40 (P = 0.02)

(C) Change in muscle strength
Std. Mean Difference

Favours [control] Favours [exercise]

Std. Mean Difference

Study or Subgroup  Weight IV, Random, 95% ClI IV, Random, 95% CI
Campanha-Versiani 13.3% 0.88 [0.20, 1.55] -
Coleman 14.6% 0.84 [0.22, 1.46) —
Daniels 4.6% 2.71[1.25, 4.17]

Hassannejad (a) 10.5%  -0.20 [-1.04, 0.63] —
Hassannejad (b) 9.4% 0.62 [-0.29, 1.53] T
Herring 9.8% 1.21[0.33, 2.09] —
Mundbjerg (b) 14.9% 0.90 [0.30, 1.51] ——
Oppert 15.0% 0.61[0.01, 1.21] -
Stegen 8.0% 0.96 [-0.06, 1.98]
Total (95% CI) 100.0% 0.82 [0.48, 1.16] L3
Heterogeneity: Tau? = 0.11; Chi? = 13.75, df = 8 (P = 0.09); I’ = 42% _=4 -=z ) z' }‘

Test for overall effect: Z = 4.69 (P < 0.00001)

Favours [Control] Favours [Exercise]

FIGURE 3 Changes in VO,max (A), walking test distance (B), and muscle strength (C) after bariatric surgery in exercise group compared to
control group. Presents the difference in change in body weight and body composition after bariatric surgery between the participants in the
exercise and control groups. Exercise training was performed after surgery in all studies. Hassannejad et al. (a)'”: aerobic training. Hassannejad
et al. (b)!”: aerobic and resistance training. Mundbjerg et al. (b),>2 Coen et al. (b)*®

3 and 12 months).?”4° At the follow-up assessment, compared with
preintervention values, a significantly greater weight loss was
observed in the exercise versus control group (N =2 studies,
Figure S$18), but no significant difference in muscle strength was found
(N = 2 studies, Figure S19).

3.4 | Study quality

Study quality was rated as good, fair, and poor in nine
(43%) 15,26,27,37,44,45,48-50 four (19%) 17,18,20,47 and elght
studies, respectively (Table S5). Fourteen
(67%), 12 (57%), and 14 (67%) studies were randomized, reported a

(38%)33,16,19,36,40—43,46

dropout rate <20%, and reported ITT analyses, respectively. The
majority of studies report high adherence, did not provide justification
for sample size, and did not blind treatment assignment and outcome

assessors.

4 | DISCUSSION

This systematic review and meta-analysis provided an updated over-
view on the effectiveness of exercise training in patients with obesity
undergoing bariatric surgery. A novel finding of our review was that
exercise training leads to a large increase in muscle strength (SMD:
0.82 [0.48; 1.16]) after bariatric surgery compared with a nonexercise
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control group. Gains in lower-limb muscle strength compared with
presurgery, ranging from +12%* to +36%,*® are likely to have a
beneficial impact on physical function given the major contribution of
muscle strength in performing daily living activities in persons with
obesity.>! We also found that the gain in muscle strength may be
sustained after a 3- to 12-month period without exercise training,
although only a trend was found (P = 0.08), and only two studies were
included in this specific meta-analysis.

Importantly, gains in muscle strength occurred in a context of
massive lean body mass loss. Even though exercise performed during
the first postoperative year was found to prevent lean mass loss by
1 (95% Cl: —0.2 to 1.6) kg on average in our meta-analysis, it is far
from preventing the total loss of lean mass during the same period of
time (e.g., approximately 10 kg on average in the first 12 months after
gastric bypass surgery).>?> The Pl was also large (—1.7 to 3.4 kg),
suggesting that future studies are likely to report no significant effect
of exercise of lean body mass. This loss of lean body mass may have
detrimental consequences on metabolism and physical function, espe-
cially as patients get older, and may represent a risk factor for obesity
sarcopenia itself associated with frailty and increased morbidity and
mortality.>® Two hypotheses can be proposed to explain the relatively
modest effect of exercise on lean body mass after bariatric surgery.
First, dietary protein intake is very low in the first months after sur-
gery and does not cover basal protein requirements.>* When patients
were provided with protein supplementation in the form of whey pro-
tein powder, total protein intake (0.6-0.9 g/kg/day, 3- and 6-month

postsurgery, respectively)45

met the basal protein requirements but
was below the amount usually recommended during resistance train-
ing (i.e., >1 g/kg/day).>*>> Second, program duration ranged from 3 to

4.5 months in most of the included studies,1”-20:434548:49

which may
be insufficient to observe an effect of lean body mass although it was
sufficient to observe an increase in muscle strength. In contrast, the
only two studies assessing a 9-*¢ and 24-month®° training program
reported a significant preservation of lean mass compared with the
control group. Taken together, these findings suggest that resistance
training programs performed after bariatric surgery can lead to rapid
gains in muscle strength (e.g., after a 3-month program), whereas
longer interventions (e.g., >9 months) may be needed to reduce lean
mass loss.

In line with previous reviews,”"12

we also found that patients
participating in an exercise training program after surgery experienced
a greater improvement in cardiorespiratory fitness assessed by indi-
rect calorimetry (VO,max) or by a walking test. Compared with the
nonexercising control group, the mean improvement in VO,max in
the exercise group was +2.7 (95% Cl: 0.81; 4.64) mL/kg/min (SMD:
0.70 [0.35; 1.10]). This increase is slightly lower than the 3.9 mL/kg/
min increase reported in our sister systematic review and meta-
analysis on the effect of exercise training in adults with obesity by van
Baak et al.®® It was, however, observed in parallel with a large
improvement in walking capacity (SMD: 1.46 [0.27; 2.66]). The two
studies reporting the highest increases in VO,max incorporated high-
intensity periods (up to 85%-90% of HR,,,) into moderate-intensity
aerobic training.*®*° Another recent study (see Table S6 for details)

reported a significant increase in VO,max above the average
improvement observed in our meta-analysis (+3.4 mL/kg/min) after a
5-month program based on aerobic training and HIIT.>” The number
of participants was however very limited (six to 10 participants in the
intervention groups), and in one study,*° participants were aged
<50 years with a BMI < 35 kg/m? and therefore may not be represen-
tative of the patients undergoing bariatric surgery. Importantly, exer-
cise training started 3, 12, and 36 months after surgery in these three
studies.’®4%>7 These findings suggest that increasing the intensity of
aerobic training above the moderate-intensity threshold is feasible
from 3 months after bariatric surgery and may be beneficial for fur-
ther improving cardiorespiratory fitness. Previous studies conducted
in adults with severe obesity (235 kg/m?) have however reported a
lower adherence to an exercise program combining aerobic training
with HIIT compared with aerobic training alone.>® No significant
effect on habitual physical activity was seen in both groups.®® In
practice, as previously recommended, intensity could be increased
gradually under supervision in a pain-free range to prevent any
injury.>?

Findings of this review show that patients participating in an
exercise training program after bariatric surgery experience greater
weight and fat loss by approximately 2 kg (95% CI for weight loss:
—3.2; —0.4 kg). The Pls for weight loss ranged from —5.4 to 1.8 kg,
suggesting that future studies are likely to report a greater weight loss
in the exercise group, although it will not be the case in all settings.®®
The mean effect is in line with two previous reviews”® but in contrast
with another one that reported no effect on weight loss.? The latter
review is specific in that it included exercise interventions based on
respiratory training that is not expected to substantially increase
energy expenditure.” This amount of additional weight loss may be
considered a relatively modest benefit compared with the 30%-35%
loss of initial body weight after bariatric surgery itself.! However, it is
consistent with the additional weight loss described when adding
exercise training during dietary weight loss interventions.! Surpris-
ingly, only two studies provided a follow-up assessment of body
weight 3 and 12 months after the end of the intervention.?”*° The
meta-analysis of these two reviews showed a lower weight regain in
the exercise group, with an MD between groups of 4.7 kg [95% Cl:
—7.2; —2.1 kg]. Although these findings need to be confirmed by
further well-designed trials, they do suggest that exercise may play an
important role in weight maintenance after bariatric surgery. Given
the prevalence of weight regain in this context (44% patients
regain 2 5 BMI—points up to 5 years after maximal weight loss is
obtained®?), this may represent a major benefit of exercise in the clini-
cal management of patients undergoing bariatric surgery.

This review also assessed the effect of postoperative exercise
training on bone and cardiometabolic health. A meta-analysis of three
studies showed a lower decrease in bone mineral density after an
exercise training program including both aerobic and resistance train-
ing. A more recent study reported similar findings.®® This is likely to
be an important benefit of exercise training given the increased risk of
fracture that has been reported after bariatric surgery, especially after

gastric bypass surgery.®* The effects of exercise on cardiometabolic
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health are less conclusive in this setting. No significant effect was
found on blood pressure, lipide profile, and a marker of glycemic sta-
tus (i.e., HOMA-IR). However, the number of studies included in these
meta-analyses was very limited (two to four studies for a given out-
come), and findings should be interpreted with caution. Interestingly,
the study by Coen et al.?¢ that included 128 patients and used gold-
standard methods to assess glucose homeostasis showed that aerobic
training improves insulin sensitivity beyond the effects of bariatric
surgery alone. A more recent study reported similar findings with
combined aerobic and resistance training.®®> In both studies, weight
and fat loss were similar in the exercise and the nonexercise control
group, suggesting an effect of exercise on insulin sensitivity indepen-
dent of weight loss.

Surprisingly, we found no additional benefit of exercise on
health-related quality of life after bariatric surgery. These meta-
analyses included only two studies, but all studies reported similar
findings, whether the quality of life was assessed with generic
questionnaires?33404530 (j o  SF-36 health survey) or questionnaires
specific to overweight and obesity?? (i.e., Impact of Weight on Quality
of Life, IWQOL) or to bariatric surgery®® (i.e., Bariatric Surgery Satis-
faction Questionnaire, BSSQ). These findings contrast with the known
benefits of exercise training on quality of life in adults with obesity

.).¢¢ The context of bariatric sur-

(see our sister review by Carraca et al
gery, however, is specific in that bariatric surgery itself is associated
with marked improvement in quality of life. Changes in quality of life
appear to be related to the phases of weight loss and weight regain,
with peak improvements observed 6- to 12-months postsurgery
followed by a progressive decline in parallel with gradual weight
regain.®” Therefore, exercise appears to have little impact on quality
of life during the weight loss phase after bariatric surgery, but its
effect during the weight regain phase has not yet been investigated.
Similarly, we found no significant effect of exercise training programs
on accelerometry-assessed habitual physical activity. Although six
studies assessed the change in physical activity in this context, we
were able to include only two studies in the meta-analysis. Original
studies reported mixed findings, with most studies reporting no signif-

icant effect!>33454% put other studies reporting an increase?*?

or
even a decrease® in accelerometry-assessed physical activity. Includ-
ing an objective assessment of habitual physical activity is of major
importance to identify interventions that are effective to promote an
active lifestyle outside exercise training sessions.

Preoperative interventions have received considerably less
attention, with only four distinct interventions included in our
review.%”#14247 |5 the short term, participating in exercise training
appears to improve walking capacity and may also induce a moderate
weight loss, which is consistent with general findings on the effects of
exercise in patients with obesity.®”#%” A recent pilot study also
suggested that a 1-month preoperative exercise training program
based on moderate- to high-intensity walking may decrease the
length of hospital stay.®® Interestingly, a larger increase in VO,max
after the exercise training program was associated with a shorter
length of hospital stay.®® The study by Baillot et al. was the only study
providing a follow-up assessment after surgery.>”*® Compared with

the control group, participants who had exercised during 3 months
before surgery experienced a greater BMI loss and a greater increase
in accelerometry-assessed habitual physical activity 1 year after
surgery.>® Although promising, these findings are insufficient to draw
conclusions on the effectiveness of preoperative exercise training pro-
grams on long-term weight loss outcomes after bariatric surgery.

5 | LIMITATIONS

Although this systematic review and meta-analysis has methodologi-
cal strengths, some limitations should be mentioned. The systematic
search was performed by one reviewer, and the search terms used
were text words and not MeSH terms. Therefore, studies may have
been missed during study selection.® The number of good-quality
studies was limited, and because of heterogeneity in the interven-
tions conducted (in terms of duration, timing, and type of exercise or
intensity), important research questions could not be addressed. Of
importance, we identified only two studies that directly compared

different types of exercise training™””°

of which one was published
after the completion of our review.”® Both studies compared aerobic
with combined aerobic and resistance training. They reported a
slightly greater weight and fat loss and improvements in muscle
strength after combined aerobic and resistance training. Regarding
walking capacity, one study reported similar effects in both groups,*’
and the other one reported higher effects with combined training.”®
Overall, these findings suggest the superiority of combined aerobic
and resistance training but need to be confirmed by studies with

larger samples.

6 | CONCLUSION

Exercise training programs performed after bariatric surgery are effec-
tive to increase cardiorespiratory fitness and muscle strength and to
optimize weight and fat loss. Preliminary evidence also suggests that
exercise may reduce bone loss and prevent weight regain after
surgery. The effect of preoperative exercise training programs on
postsurgery outcomes has been assessed in only one study, reporting
a higher weight loss in the exercise group. Although we were not able
to compare the effect of different types of exercise training, programs
combining aerobic and resistance training appear to be the most
promising to improve both cardiorespiratory and muscular fitness and
are usually recommended in the context of bariatric surgery.” Also,
incorporating high-intensity bouts into continuous moderate-intensity
aerobic training may further improve cardiorespiratory fitness.
Exercise is clearly an effective strategy to optimize follow-up care
after bariatric surgery, but its role in the long-term management of
patients needs to be better understood.
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