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Abstract

The combination of bariatric surgery and physical exercise has been suggested as a promising strategy to positively
influence obesity, not only body weight but also all associated comorbidities. An electronic search of intervention studies
was carried out in which an exercise training program was implemented after bariatric surgery. The quality of each study
was assessed and the data were meta-analyzed using a random effect model. Twenty-six articles were included in the
systematic review and 16 in the meta-analysis. As the main conclusion, exercise in patients who have undergone
bariatric surgery does not seem to be effective in enhancing weight loss (SMD =0.15; 95% CI=-0.02, 0.32; p=
0.094). However, the variability in the protocols used makes it too early to reach a definite conclusion.
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Background

The World Health Organization considers people with
class I obesity if they have a body mass index (BMI)>
30 kg/m?, class II obesity if they have a BMI>35 kg/m?,
and class III obesity with a BMI>40 kg/m” [1]. Obesity
is considered a risk factor for diseases such as hyperten-
sion, heart failure, coronary heart disease [2], diabetes
mellitus [2, 3], sleep apnea, and osteoarthritis [3].
Compared to normal weight, class II and III obesity are
related to higher mortality rates from all causes [4]; the
average survival rate is reduced by 2—4 years for people
with class Il obesity and by 8-10 years for people with
class III obesity [5]. In economic terms, obese people
have worse results in the world of work, lower wages,
and higher health costs [6].

Weight and fat loss are related to improvements in obese
people’s health, a reduction in the inflammatory markers as-
sociated with diabetes [7], a decrease in blood pressure [§],
and improvements in terms of cardiovascular diseases [7].
Bariatric surgery is an effective treatment option for reducing
weight in people with morbid obesity [9], on average losing
around 12% of total body weight in the 6 months after surgery,
and up to 45% over 3 years [10]. Physical activity (PA) is also
one of the main approaches that influences and improves peo-
ple’s health [11], decreasing cardiovascular risks [12] and cor-
onary heart diseases [13]. Exercise training diminishes comor-
bidities related to obesity, such as asthma and sleep problems
[14] as well as reducing insulin resistance, hypertension, and
blood lipids [15]. Furthermore, PA plays an important role in
the amount of weight recovered after weight loss and helps
reduce weight progressively [16].

Given the increased number of people with morbid obe-
sity [17], the proven short- and long-term effectiveness of
bariatric surgery [18] and the possibilities presented by PA
in relation to maintenance and improvement of risk factors
suggest that PA could help those patients who suffer
weight regain after bariatric surgery [19]. The present re-
view and meta-analysis arise from the need to accurately
assess whether PA following bariatric surgery has a posi-
tive effect on weight loss and to try to determine what type
of exercise is most effective for that purpose. Previous
systematic reviews [20, 21] and one meta-analysis [22]
have studied weight loss caused by exercise following bar-
iatric surgery, although the authors failed to take into ac-
count the specific characteristics of each training program,
which can undoubtedly influence their effect.

The aims of this systematic review and meta-analysis were
(a) to analyze the effects of exercise training after bariatric
surgery in relation to weight loss; and, in case of being effec-
tive for a higher weight loss, (b) to determine what type of
training is the most appropriate for weight loss in people un-
dergoing bariatric surgery.

@ Springer

Material and Methods
Protocol and Registration

This study has been carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses,
the PRISMA Statement [23], using the PRISMA checklist as a
reference (Table A supplementary files), and the Cochrane
Handbook for Systematic Reviews of Interventions [24].
This systematic review and meta-analysis has been registered
in PROSPERO, the International Prospective Register of
Systematic Reviews, with the ID CRD42018097444.

Searches

The literature search was performed systematically using the
MEDLINE, EMBASE, Scopus, Cochrane, and Web of
Science databases, with the deadline of May 23, 2019.

The following equation was used for the search (“Bariatric
Surgery” OR “stapling stomach” OR “weight loss surgery”
OR “obesity surgery” OR “weight reduction surgery” OR
“Biliopancreatic Diversion” OR “Duodenal switch” OR “lap-
aroscopic band” OR “lap band” OR “gastric band” OR “‘gas-
tric banding” OR “Gastric Bypass” OR “Gastroplasty” OR
“gastric sleeve” OR “sleeve gastrectomy” OR “gastric bypass
surgery” OR “gastric bypass” OR “Roux-en-Y Gastric
Bypass” OR “Maestro Rechargeable System” OR “gastric
balloon” OR “gastric bubble” OR “ballobes balloon” OR
“Greenville gastric bypass”) AND (“physical exercise” OR
“Physical Therapy” OR “physical activity” OR “physical ed-
ucation” OR “physical training” OR exercise OR fitness OR
sport OR “Exercise Movement” OR “exercise program” OR
“Complementary Therapies” OR “physiotherapy” OR
“physio therapy” OR “therapeutic exercise” OR
“Occupational Therapy” OR “Exercise therapy”) AND
(“body mass index change” OR “weight maintenance” OR
“weight loss” OR “weight regain” OR obesity OR
overweight).

Eligibility Criteria

Articles showing either the effect of physical activity on pa-
tients who had undergone bariatric surgery or which carried
out an experimental intervention were included as eligible for
further review.

The exclusion criteria for this systematic review were (a)
papers not written in English or Spanish; (b) studies that do
not report the outcome weight; (c) studies in which the inter-
vention is performed before bariatric surgery; (d) studies in
which the population investigated are non-humans; (e) studies
in which participants are under 18 years old; (f) papers that
combine physical activity with other types of intervention,
medications, and nutrition among others; (g) retracted studies;
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(h) duplicate studies; and (i) non-selectable publications, as in
the case of reviews, guidelines, interviews, comments, or case
studies.

The literature review was independently and simultaneous-
ly performed by two reviewers (AC and IC-R). Disagreements
were sorted out either through consensus or with the partici-
pation of a third party (EG).

Data Selection

The data gathered from the selected studies were as follows:
(a) the year of the study; (b) the study design; (c) the main
features and the type of physical activity intervention; (d) the
population’s characteristics, number, sex, and age; and (e) the
pre- and post-surgery weight.

Assessment of the Risk of Bias

For randomized controlled trials (RCTs), the Cochrane
Collaboration’s tool was used for assessing risk of bias in
randomized trials [25]. This tool measures the risk of bias
based on six domains: selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other biases. For
non-randomized control trials (non-RCTs), the quality assess-
ment tool for quantitative studies [26] was used. This tool
considers seven domains: selection bias, study design, con-
founders, blinding, the data collection method, and with-
drawals and dropouts.

To combine both tools for evaluating the risk of bias for the
reviewed articles, each of the sections to be evaluated was
designated as strong, moderate, or weak, and the articles were
classified as having a low risk of bias (without weak ratings), a
moderate risk of bias (one weak rating), or a high risk of bias
(two or more weak ratings) [27, 28].

Quality assessment and data extraction were carried out
independently and simultaneously by two reviewers (AC
and IC-R). Any differences were sorted out either through
consensus or with the participation of a third researcher (EG).

Statistical Analyses

The software used to perform the statistical analyses of the
meta-analysis was StataSE V.14.0 (StataCorp LP., College
Station, TX, USA). The analysis variable (the result) was the
weight loss at the end of the treatment in each of the groups;
the quantification of the effect was calculated through the
standardized mean difference (SMD) and through the unbi-
ased Hedges estimator [29]. Weightings and standard devia-
tions (SDs) were extracted for each study and group before
and at the end of the treatment. In the case of not having the
SD values, these were imputed as the average value of each
group [30]. On the other hand, the differences of the weight
means and the standard deviation of the difference for each of

the articles were calculated; for the latter, a correlation of 0.59
was considered between the values before and after starting the
treatment [31]. A positive SMD value indicated greater weight
loss in the intervention group compared to the control group.
The DerSimonian-Laird random effects method was used and
the 95% confidence intervals (CI) were calculated [32].

As a test to evaluate heterogeneity, we estimated the /*
statistic [25]—values of 0% indicated non-heterogeneity,
whereas values of 25%, 50%, and 75% were interpreted
as having a low, moderate, and high level of heterogeneity,
respectively. In addition, the Q statistic and its P value
were calculated.

The publication bias was evaluated by the funnel plot and
the Egger test was performed.

To complete the statistical analysis, certain details were
contemplated: (I) when two or more studies obtained the data
from the same database, only the main study was taken into
account; (II) those papers with two intervention groups were
analyzed as two individual studies; and (II) pre-operative
body weight data were collected using the baseline and post-
intervention data from the evaluation performed immediately
after the surgery.

Subgroups analyses were carried out considering the fol-
lowing characteristics of the training intervention protocols:
(I) the type of physical activity intervention, (II) the start of the
intervention after the surgery, (IIT) the duration of the inter-
vention, (IV) the type of exercise, and (V) the total exercise
time per week.

Meta-regressions with random effects were employed
using the aggregate level data to know the effect of the inter-
vention and the heterogeneity in relation to (I) the average age
of'the participants, (II) the time per session, and (II) the length
of the intervention.

Finally, a sensitivity analysis was conducted by performing
the calculations again, without each of the studies, to know the
robustness of that particular study.

Results
Systematic Review

Of the 10543 studies obtained in the search, 26 documents
were finally selected (Fig. 1). These were carried out in dif-
ferent countries—10 from the United States, 6 from Brazil, 2
from Iran, 4 from Denmark, and 1 from Belgium, Sweden,
Italy, and the UK, respectively. All the studies included were
experimental, most of them with an RCT design (21) while 5
were non-RCTs. All 26 studies were published between 2011
and 2018 (Table 1).

The internationally accepted criteria to undergo bariatric
surgery are a BMI > 40 kg/m* or a BMI> 35 kg/m? if comor-
bidities are present that put the patient’s health at risk. Most of

@ Springer



3374 OBES SURG (2019) 29:3371-3384
Fig. 1 Literature search preferred = Records identified through database searching \
reporting items for systematic .8 (n=10543)
reviews and meta-analyses con- s MEDLINE: 1659
sort diagram = EMBASE: 4451
& = SCOPUS: 1682
g Cochrane: 366
= Web of SCITCC: 2385 j
[ Duplicate records removed (n=4890) ]
on
5
=)
3
5, ( Irrelevant records excluded h Y
n on the basis of title and 4—{ Records screned (n=5653) ]
abstract review (n=5592)
- J
NE N
=1
=
3'9 v
= Records excluded (n=35) P Full text articles assessed for eligibility (n=61) ]
M .
n= 12 No controlled trial
n= 2 Repeated intervention and sample size
n= 15 Multicomponent intervention Y
ko] n= 3 No bariatric surgery Studies included in qualitative synthesis= (n=26)
Q n= 2 language other than Spanish/English
—g n= 1 Retracted
—
Q
kS
Studies included in
K / quantitative synthesis (meta-analysis) (n = 16 )

the selected studies included any type of surgical technique,
apart from nine of them which included only laparoscopic
surgery with RYGB, and one study on the sleeve gastrectomy
technique. The sample size of the studies varied between 12
and 120 subjects, most of them including participants of both
sexes, except for 5 studies in which only women participated.

The physical activity interventions carried out were super-
vised in 12 of the studies, programmed in 4, while 8§ were
mixed interventions, combining programmed and supervised.
Only 1 study used a counseling intervention type. Aerobic
exercise alone was used in 11 studies, resistance exercise
alone in 2 of them, whereas a combination of both was used
in 10 studies, and other alternative types of exercise in 3 stud-
ies. The reviewed studies used exercise durations between 20
and 85 min per session. The maximum length of the interven-
tion was 40 weeks and the shortest was 1 week. The start of
the intervention varied between 5 days and 24 months after

surgery.
Risk of Bias

Regarding the risk of bias, as can be seen in Tables 2 and 3,
from the 26 studies analyzed, 10 of them (38.5%) show a high
risk of bias, 6 (23.1%) show a moderate risk of bias, and the
other 10 (38.5%) show a low risk of bias. Analyzing the sec-
tions considered in both assessment tools individually, we can
observe that all non-RCTs (=15, 100%) present deficiencies
(i.e., scored as weak) in the blinding domain study, while in the

@ Springer

case of RCTs, 38.1% (n=8) and 14.3% (n = 3) show detection
bias and performance bias, respectively. Among the non-RCT
studies, deficiencies in the selection bias and the design of the
study were present in 40% of the studies (n =2) compared to
5.3% (n=1) showing selection bias among the RCTs.

Meta-Analyses

The pooled SMD estimate did not show a greater significant
weight loss in favor of the intervention (exercise) group, with
a small effect size and no significant differences (SMD = 0.15;
95% CI=-10.02, 0.32; p=0.094), as well as low heterogene-
ity (" = 0%; p = 0.999) (Fig. 2).

Subgroup Analyses

When considering the specific characteristics of the physical
activity intervention (i.e., type of intervention, start of the
intervention after surgery, duration, type of exercise, and total
time per week), none of the subgroups analyses showed a
significant difference in favor of the control group or the in-
tervention group, with heterogeneity being very low in all
cases (I2 =0.0%) (Table 4).

Meta-Regressions

The meta-regression analyses showed no heterogeneity based
on the participants’ mean age (p = 0.902), nor on the length of
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Table 1 (continued)

Intervention

Population Characteristics

Physical activity
characteristics

Pre-surgery Type of Type of intervention/Start
of intervention

weight

MI

B

Sample size
(%oW)

Age

Study

Country

Reference

population

design

- 60 to 70% HR

L.G. High-ex:

1.G. High-ex:19 1.G. High-ex: 39.7+ 1.4

L.G. High-ex: 41 £2

132.7£6.9
C.G:123.9+44

C.G:38.5+0.9

C.G: 42

C.G:43£2

RCT randomized controlled trial, NON-RCT non-randomized controlled trial, /.G intervention group, C.G control group; NR: Not reported; HR: Heart Rate; RM: Repetition Maximum; VO,max:

Maximum oxygen consumption; D/W: Day per Week; BMI: Body Mass Index; RYGB: Roux-en-Y gastric bypass. M/W: Minutes per week; MIP: maximum inspiratory pressure. %W: percentage of

women in each study or group

the intervention (p =0.377) or the time devoted to each exer-
cise session (p =0.807) (Table 5).

Sensitivity Analysis and Publication Bias

Once the impact of each study was verified in the final
result, eliminating each study individually, no changes
were observed in the overall results. As seen in the funnel
plot (Fig. 3) and once the Egger test was performed, there
was no evidence of significant publication bias risk (p =
0.208).

Discussion

Our systematic review and meta-analysis provide insight into
how a physical activity program performed after bariatric sur-
gery can affect weight loss. The data obtained from the anal-
ysis of a total of 749 pooled bariatric surgeries did not show
significant positive results in favor of exercise for people who
underwent bariatric surgery. No significant results were found
in terms of weight loss in favor of physical exercise after
bariatric surgery when compared to the usual postoperative
care.

Three previous systematic reviews [20, 21, 33] conclud-
ed that exercise following bariatric surgery is positive in
increasing weight loss and improving other factors such as
muscle loss or cardiovascular risk. Similarly, a recent
meta-analysis [22] obtained significant results in favor of
physical exercise, in contrast to our results, which are
slightly positive for the intervention group, although not
significant. This might be because some of the studies in-
cluded in these previous reviews carried out multi-
component interventions; meaning that physical exercise
was accompanied by something else. Also, discrepancy
between our results and those from previous systematic
reviews and meta-analysis may be due to the fact that other
authors directly calculated the difference in means between
the groups, instead of calculating the difference in the stan-
dardized means. In addition, the number of articles includ-
ed in our meta-analysis is higher than in previous weight-
loss reviews, and the studies included in this meta-analysis
only performed exercise, without any other type of inter-
vention, such as diet or psychological support.

The results obtained in our systematic review and meta-
analysis slightly disagree with the conclusions of previous
reviews, showing no significant differences in favor of
physical exercise once the bariatric surgery has been com-
pleted successfully. The effect (standardized mean differ-
ence, SMD) does not achieve statistical significance,
which could indicate that (i) longer/more intense/better de-
signed physical exercise programs are needed to elicit
greater weight loss after bariatric surgery, or (ii) physical

@ Springer
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Table2  The Cochrane collaboration’s tool for assessing the risk of bias in randomized trials

RCTs Selection bias  Performance bias  Detection bias ~ Attrition bias  Reporting bias ~ Other bias  Risk of bias
Carnero et al. 2017 [43] Strong Strong Strong Moderate Strong Strong Low
Casali et al. 2011 [44] Moderate Moderate Weak Moderate Moderate Strong Moderate
Castello et al. 2011 [45] Moderate Weak Weak Moderate Moderate Strong High
Castello-Simoes et al. 2013 [46] Moderate Weak Weak Moderate Moderate Strong High
Coen et al. 2015 [47] Strong Moderate Strong Strong Strong Strong Low
Coen et al. 2015 (2) [48] Strong Moderate Strong Strong Strong Strong Low
Coleman et al. 2017 [49] Strong Moderate Moderate Weak Moderate Strong Moderate
Creel et al. 2016 [50] Strong Weak Moderate Weak Moderate Strong High
Daniels et al. 2018 [S1] Strong Strong Strong Moderate Strong Strong Low
Hassannejad et al. 2017 [52] Strong Moderate Weak Strong Strong Strong Moderate
Herring et al. 2017 [67] Strong Moderate Weak Strong Strong Strong Moderate
Lopez et al. 2017 [54] Strong Strong Moderate Moderate Strong Strong Low
Mundbjerg et al. 2018 [56] Strong Strong Moderate Strong Strong Strong Low
Mundbjerg et al. 2018 (2) [65] Strong Strong Moderate Strong Strong Strong Low
Oliveira et al. 2016 [58] Moderate Moderate Weak Weak Weak Moderate  High
Rojhani et al. 2016 [60] Moderate Moderate Weak Weak Moderate Moderate  High
Shah et al. 2011 [61] Strong Moderate Moderate Moderate Weak Strong Moderate
Stolberg et al. 2018 [63] Strong Strong Moderate Strong Strong Strong Low
Stolberg et al. 2018 (2) [64] Strong Strong Moderate Strong Strong Strong Low
Wiklund et al. 2015 [65] Weak Moderate Weak Weak Weak Strong High
Woodlief et al. 2015 [66] Strong Moderate Strong Strong Strong Strong Low

RCTs randomized controlled trials

exercise after bariatric surgery must be accompanied by
long-term changes in eating habits [16].

In a previous randomized controlled trial by Creasy et al.
[34], obese/overweight participants lost on average 3.8 +
3.0 kg when performing supervised physical activity, com-
pared to an average weight loss of 5.1 +3.3 kg among those
who were in the programmed (unsupervised) physical activity
group. In our meta-analysis, the data reveal a non-significant
trend toward greater weight reduction in those studies carry-
ing out programmed (unsupervised) physical activity. This
may occur due to an improvement in the psychological pro-
cesses, self-efficacy, and autonomous motivation produced
by performing physical activity after bariatric surgery [35].

Regarding the type of exercise, aerobic training shows
the highest effect size, although this is also not significant.

In contrast, previous studies on obese and overweight peo-
ple (not bariatric patients) showed that a combination of
resistance and aerobic training is the most effective way to
lose weight [36]. Furthermore, a minimum of 150 min/
week of moderate intensity physical activity has been pro-
posed for developing and maintaining fitness [37]. In our
results, however, the greatest weight loss was observed
(although again not significant) in those interventions last-
ing less than 150 min/week. These two results might be
related to the scarcity of studies containing sufficient sam-
ples combining aerobic and resistance exercise that
entailed more than 150 min/week of exercise in patients
who had undergone bariatric surgery. In addition, the stud-
ies did not control other factors that may affect weight loss,
such as sleep, physical activity outside the program, or

Table 3  The quality assessment tool for quantitative studies

Non-RCTs Selection bias  Study design Confounders Blinding Data collection Withdrawals/ drop-outs Risk of bias
Campanha-Versiani et al. 2017 [42] Weak Moderate Strong Weak Strong Strong High

Huck et al. 2015 [53] Moderate Moderate Moderate Weak Strong Strong Moderate
Marchesi et al. 2015 [55] Moderate Weak Strong Weak Strong Moderate High
Onofre et al. 2017 [59] Weak Moderate Moderate Weak Strong Strong High
Stegen et al. 2011 [62] Moderate Weak Strong Weak Strong Strong High

Non-RCTs non-randomized controlled trials

@ Springer
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%

REFERENCE SMD (95% Cl) Weight
1
Campanha-Versiani et al 2017 : 0.22 (-0.42, 0.87) 6.99
Casali et al 2011 Iv 0.18 (-0.54, 0.90) 5.68
Castello et al 2011 E 0.00 (-0.86, 0.86) 3.99
Coen et al 2015 —_— 0.26 (-0.14, 0.65) 18.60
Coleman et al 2016 :v 0.15 (-0.45, 0.75) 8.12
Daniels et al 2018 r 0.10 (-0.88, 1.08) 3.04
Hassannejad et al 2017 I.G.1 : * 0.30 (-0.35, 0.94) 6.95
Hassannejad et al 2017 1.G.2 : 0.21 (-0.44, 0.86) 6.99
Herring et al 2017 : 0.22 (-0.64, 1.08) 3.96
Huck 2015 : *> 0.20 (-0.82, 1.21) 2.82
Marchesi et al 2014 : 0.33 (-0.64, 1.31) 3.08
Mundbjerg et al 2018 : * 0.31 (-0.30, 0.92) 7.87
Oliveira et al 2016 : -0.30 (-0.98, 0.38) 6.39
Onofre et al 2017 :‘ 0.17 (-0.97, 1.30) 2.27
Rojhani-Shirazi et al. 2015 : -0.08 (-0.77, 0.62) 6.08
Shah et al 2011 : -0.04 (-0.86, 0.78) 4.35
Stegen et al 2011 * : -0.21 (-1.23,0.81) 2.82
Overall (I-squared = 0.0%, p = 0.999) <<> 0.15 (-0.02, 0.32) 100.00
I
NOTE: Weights are from random effects analysis E
I I
-1.31 0 1.31

Favor Control Favor Intervention

Fig. 2 Forest plot of the weight loss standardized mean difference between the control group and the intervention group. SMD standardized mean
difference, CI confidence interval

Table 4  Stratified analysis according to the characteristics of the exercise program

Subgroups analysis Control group vs. intervention group
Number of studies Pooled SMD (95%CI) P X P

Type of intervention

Physical activity programmed 3 0.153 (=0.229, 0.535) 0.0 0.63 0.434

Physical activity supervised 9 0.101 (- 0.160, 0.363) 0.0 2.53 0.447

Physical activity programmed/supervised 4 0.202 (—0.091, 0.495) 0.0 0.50 0.176
Start of intervention after the surgery

<3 months 11 0.123 (—0.081, 0.328) 0.0 3.21 0.238

>3 months 5 0.199 (—0.128, 0.526) 0.0 0.55 0.234
Duration of the intervention

<16 weeks 12 0.064 (—0.166, 0.294) 0.0 2.64 0.587

> 16 weeks 5 0.248 (— 0.008, 0.504) 0.0 0.18 0.057
Type of exercise

Aerobic training 5 0.209 (—0.073, 0.490) 0.0 0.77 0.146

Resistance training 2 0.147 (—0.559, 0.853) 0.0 0.02 0.683

Aerobic/resistance combination 7 0.189 (—0.085, 0.463) 0.0 0.79 0.176

Alternative training 3 —0.075 (—=0.476, 0.327) 0.0 0.90 0.715
Time of exercise

<150 min/week 4 0.165 (—0.110, 0.441) 0.0 2.24 0.240

> 150 min/week 13 0.134 (—0.084, 0.352) 0.0 1.64 0.228

SMD standardized mean difference, CI confidence interval
Positive SMD values indicate a higher score in outcomes favoring the intervention group
Results in italic are those that show a higher SMD

@ Springer
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Table 5 Meta-regression of weight loss with mean age, length of intervention, and time per session

Mean age Length of intervention Time per session

P B (95% CI) p P B (95% CI) p P B (95% CI) P

SMD weight loss 0%  —0.002 (—0.042, 0.037) 0902 0%

0.006 (—0.008, 0.002)

0377 0% —0.001(=0.013,0.01) 0.807

CI confidence interval, SMD standardized mean difference

nutritional habits, which may condition the study results in
relation to weight loss.

Physical activity interventions in obese people lasting less
than 16 weeks were associated with increased energy expen-
diture but not with a reduction in body weight [38, 39].
According to our analysis, interventions lasting more than
16 weeks seem to produce greater weight loss, although this
effect was not statistically significant compared to the control
groups (no exercise). This might occur due to the increase in
energy expenditure and the induction of lipolysis [40]. Some
evidence suggests that weight loss could be higher if physical
activity were combined with dietetic education, caloric reduc-
tion, or changes in eating habits [38, 40].

Limitations

Certain limitations that may have affected the results
should be considered. First of all, some studies (five of
them) did not report the standard deviation for body weight
after the intervention. Secondly, not having the correlation
between pre- and post-measures to estimate the standard
deviation of the difference—it was for this reason that 0.59
was used. Thirdly, the samples, the inclusion/exclusion
criteria, and the follow-up time varied greatly across stud-
ies. Moreover, there was a moderate risk of bias for the
studies included. Finally, we could not analyze the exercise
intensity performed in the reviewed programs because it
was not possible to unify the criteria.

"Publication Bias"

Standardized Mean Diference

Fig. 3 Funnel plot with Egger test

@ Springer

Conclusions

Based on the results of our meta-analysis, one can con-
clude that exercise training in patients who have under-
gone bariatric surgery does not seem to be effective in
achieving greater weight loss compared to the usual post-
operative care, and no particular training is more effective
than another for losing weight in patients who have un-
dergone bariatric surgery. There is, however, a consensus
that large enough RCTs of exercise have yet to be done—
so doing meta-analyses of early, small cohorts can be
misleading. The reviewed studies used different surgery
types, exercise types, exercise durations, and interventions
were in general poorly reported, making them difficult to
be properly combined. It may be too early to make any
conclusions, and reporting null findings could possibly
dissuade people from adding exercise to their post-
operative lifestyle changes, which could take them away
from the myriad of positive effects of exercise. Even if the
lack of effects on weight loss could be rigorously con-
firmed, exercise after bariatric surgery may help maintain
lean body mass, improve cardiovascular health, psycho-
logical well-being, and increase adherence to training,
among other benefits [41].

Future Directions

This line of research, which combines bariatric surgery and
exercise training, should continue in order to elucidate the
most appropriate type of exercise, as well as to determine
the design and implementation of training programs with
greater frequency, volume, intensity, and/or with different
types of exercises, in such a way that is most appropriate for
this population. Studies are also necessary in which patients
begin to train straight after surgery to take advantage of the
window of opportunity for behavioral change as soon as
possible, not only to achieve greater weight loss but also
to improve other parameters that affect these patients’
health status such as muscle mass loss, cardiovascular pa-
rameters, biochemical markers, and respiratory parameters,
among others. As demonstrated in our weight loss meta-
analysis, all these research areas require better designed
(and better reported) studies with sufficient sample sizes.
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