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ARTICLE INFO ABSTRACT

Introduction: Research into daily physical activity patterns of bariatric patients has primarily relied on self-report
questionnaires. Given the importance of to moderate-to-vigorous physical activity (MVPA) as opposed to se-
dentary behavior for health outcomes and surgical success, more valid methods for objectively measuring
physical activities are necessary.

Evidence acquisition: The main question is whether bariatric surgery, weight loss, and standard care after surgery
would favor the increase of physical activity level. Therefore, we conducted a systematic review and meta-
analysis of retrospective studies that investigated the changes in physical activities patterns after bariatric
surgery which were evaluated by accelerometry. The search was conducted in five electronic databases
(PubMed, Web of Science, Google Scholar, SPORTDiscus, and Scopus) up to December 2017. The standardized
mean difference (SMD) was calculated using a random effects model with a Comprehensive Meta-Analysis
program.

Evidence synthesis: A total of 10 studies met the inclusion criteria for the meta-analysis. Overall, the results
indicated no significant changes to sedentary (SMD = —0.055; 95% confidence interval (CI) —0.149 to 0.040;
p =0.161) and light activities per day (SMD = 0.020; 95% CI —0.095 to 0.134; p = 0.737) post bariatric
surgery. However, a positive effect was observed to MVPA per day (SMD = 0.133; 95% CI 0.040 to 0.226;
p = 0.005) and MVPA in bouts =10 min per week (SMD = 0.066; 95% CI 0.039 to 0.093; p = 0.000).
Conclusions: In summary, bariatric surgery per se resulted only in a trivial effect on MVPA changes after body
weight loss. On the other hand, bariatric surgery did not influence sedentary behavior, indicating that bariatric
patients need to be better informed about the importance of reducing sedentary activities and increasing phy-
sical activity level.
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1. Introduction

Bariatric surgery is recognized as an effective method to induce
significant weight loss, control several comorbidities, and increase life
expectancy in subjects with morbid obesity (Colquitt et al., 2014). On
the other hand, over time post-surgery, many patients may regain body
weight and have a recurrence of comorbidities (McGrice and Don Paul,
2015). Therefore, an interdisciplinary approach to care for bariatric
patients plays a key role in the long-term success of bariatric surgery
and patient health status over time.

By using an interdisciplinary approach, one of the behavioral
changes that should be targeted for bariatric patients is increased
physical activity, which can contribute to the effectiveness of the
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surgery (King and Bond, 2013; Coen and Goodpaster, 2016). Physical
activity is defined as any type of body movement that results in an
increase in energy expenditure above absolute rest values (Butte et al.,
2012). Based on the metabolic equivalent (MET) values, defined as one
kcal/kg/hour, physical activities can be classified as sedentary (< 1.5
METs), light (1.5-2.9 METs), moderate (3-5.9 METs), or vigorous (=6
METs) (Crisp et al., 2014).

In the literature, the benefits of regularly practicing moderate-to-
vigorous physical activity (MVPA) are well established in relation to the
primary and secondary prevention of several chronic diseases (e.g.,
cardiovascular diseases, type 2 diabetes, cancer, hypertension, depres-
sion, and osteoporosis) and premature death (Warburton et al., 2006).
In this context, important research associations (Haskell et al., 2007;
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WHO, 2010; ODonovan et al.,, 2010) recommend the practice of
=150 min of moderate physical activity per week (accumulated in
sessions =10 min) or =75 min of vigorous physical activity for adult
subjects; and physical inactivity is a term used to classify individuals
who do not reach the MVPA recommendations (Bouchard et al., 2015).

In addition, recent studies have indicated that a greater accumula-
tion of sedentary activities is associated with a higher risk of morbidity
and mortality, regardless of physical inactivity (Chau et al., 2014;
Ekelund et al., 2016). Sedentary behavior is a component of physical
inactivity, which is characterized as any activity during waking hours
that requires low energy expenditure (< 1.5 METs) while in a sitting or
reclining position (Sedentary Behaviour Research Network, 2012).

Regarding bariatric surgery, two systematic reviews of observa-
tional studies reported that higher physical activity level during the
postoperative period appears to be associated with a greater weight loss
(Jacobi et al., 2011; Livhits et al., 2010). However, it is important to
note that a large part of the included studies in the systematic reviews
used self-report questionnaires to determine the participant's physical
activity patterns. The great subjectivity regarding the intensity of
physical activity performed and possible bias in the responses of self-
report questionnaires are both potential limitations of these studies,
especially for the obese population.

In this sense, Bond et al. (2010a) compared MVPA changes before
and six months after bariatric surgery by using a self-report physical
activity survey instrument (Paffenbarger Physical Activity Ques-
tionnaire) with data obtained using the tri-axial accelerometer. The
results obtained from the self-report questionnaire showed a five-fold
increase for MVPA pre-to post-surgery. On the other hand, the accel-
erometer detected insignificant decreases in MVPA (Bond et al., 2010a).

Given the importance of MVPA, as opposed to sedentary behaviors,
for health outcomes and surgical success, more valid methods for ob-
jectively measuring physical activity are necessary. Tri-axial accel-
erometers are portable devices that directly measure the body move-
ment acceleration in three axes (vertical, antero-posterior, and medio-
lateral). These devices are able to quantify the frequency, duration, and
intensity of daily physical activity (Butte et al., 2012). Therefore, we
conducted a systematic review and meta-analysis of retrospective stu-
dies that investigated the changes in the physical activity patterns of
patients after bariatric surgery which were evaluated by accelerometry.

2. Evidence acquisition
2.1. Search strategy

The review procedures followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement guidelines
(Moher et al., 2009). The search was conducted in five electronic da-
tabases (PubMed, Web of Science, Google Scholar, SPORTDiscus, and
Scopus) up to December 2017, with no language restrictions. The terms
used for the search were “bariatric surgery” AND [“physical activity”
OR “sedentary behavior”] AND accelerometry. After the exclusion of
duplicate studies, two investigators (CGRB and AHC) independently
screened the titles and abstracts to select articles relevant to the topic of
this study.

2.2. Eligibility criteria

Studies were eligible based on the following inclusion criteria: (1)
prospective longitudinal study; (2) published in peer-reviewed scien-
tific journal; (3) included obese subjects (BMI = 35 kg/mz) submitted
to bariatric surgery; (4) age =18 years; (5) used tri-axial accelerometer
to objectively measure sedentary activity or light activity or MVPA. The
exclusion criteria were as follows: (1) reported results only from pre- or
post-surgery; (2) used self-report questionnaires to determine physical
activities patterns; (3) data analyses lower than six months post-sur-
gery; and (4) abstracts from conferences and unpublished studies. Full-
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text articles were assessed independently for eligibility by two re-
viewers (CGRB and AHC). Disagreement on the inclusion or exclusion
of studies was resolved by consensus, or, if necessary, by the partici-
pation of a third reviewer (RV). In addition, the reference list of the
eligible studies was also analyzed to identify potentially relevant stu-
dies.

2.3. Data extraction

The same two reviewers (CGRB and AHC) independently extracted
the following data from each eligible study: the first author's name;
publication year; country; number of subjects; pre-surgery age, pre-
surgery body mass index (BMI); accelerometer type; surgical procedure;
analysis time; and main results. In addition, the mean and standard
deviation values of the following variables were extracted: sedentary
activity (min/day or %/day); light activity (min/day or %/day); and
MVPA (min/day or %/min and min/week in bouts = 10 min). For the
studies that presented data only in graph form, the data were extracted
using the program WebPlotDigitizer —version 3.8. The studies that
presented the outcome values with standard error (SE) were converted
to standard deviation according to the formula: SD = SE * /N.
Disagreement on the data extraction was resolved by consensus.

2.4. Statistical analysis

The meta-analysis was performed using the random effects model
for each outcome variable (sedentary activity, light activity, and MVPA)
using the software “Comprehensive Meta-analysis” version 3.3.070
(Biostat Inc., Englewood, NJ, USA). The standardized mean difference
(SMD) with 95% confidence interval (CI) was calculated with the fol-
lowing data entry: pre mean; pre SD; post mean; post SD; pre-to post-
correlation; and sample size. A subgroup analysis of studies was per-
formed to verify the influence of time post-surgery (six to 11 months
or = 12 months) on physical activities. The pre-to post-correlation was
estimated with the following formula: r = (Sg,re + Sgost—S%)/Z X (Spre X
Spost); Where S is the standard deviation, and Sp is the standard de-
viation of difference score (pre-to post-surgery). Sp was estimate with
the following formula: Sp = root square [(Sﬁre/n) + (Sgost/n)]. The
level of significance was p < 0.05. The magnitude of Cohen's d SMD
was interpreted according to the following threshold: <0.19 as trivial
effect, 0.20-0.49 as small effect; 0.50-0.79 as moderate effect; and
=>0.80 as large effect.

2.5. Heterogeneity and sensitivity analysis

The heterogeneity between studies was assessed by 12 inconsistency
test. Values of > 50% were considered evidence of substantial hetero-
geneity. A sensitivity analysis excluding one study at a time was per-
formed, and then the outcome was examined to ensure that the results
were not simply due to one large study or a study with an extreme
result. Studies were considered influential if removal resulted in a
change of SMD from significant (p < 0.05) to non-significant
(p > 0.05).

3. Evidence synthesis
3.1. Study selection

The search strategy identified 2423 records in the electronic data-
bases (PubMed, Web of Science, Google Scholar, SPORTDiscus, and
Scopus). After a review of titles and abstracts, 35 studies were selected
for full-text review and according to the inclusion/exclusion criteria, 11
studies were considered eligible. The main reasons for exclusion were:
data from only pre-surgery (n = 8); data from only post-surgery
(n = 7); used bi-axial accelerometer (n = 2); and not relevant variables
to study purpose (n = 7). In the meta-analyses, 10 studies were
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Fig. 1. Flowchart of the search and study selection process.

included. The study by Babineau et al. (2015) was not included in the
meta-analysis owing to not reporting the pertinent data (sedentary
activity, light activity, and MVPA). In the studies by Creel et al. (2016)
and Bond et al. (2017) was included in the meta-analysis only the data
from the control group (standard care), who did not receive counseling
to increase physical activity pattern before and after surgery. Fig. 1
illustrates the flowchart of the article selection process for the sys-
tematic review and meta-analysis.

3.2. Study characteristics

The general characteristics and results of each eligible study are
summarized in Table 1. The studies (n = 11) were published from 2010
to 2017 and included a total of 375 subjects. These studies were con-
ducted in Brazil (Crisp et al., 2017), Canada (Babineau et al., 2015),
USA (Bond et al., 2010a, 2017; Creel et al., 2016; Wefers et al., 2017),
Sweden (Berglind et al., 2015a,b; Berglind et al., 2015b; Berglind et al.,
2016; Sellberg et al., 2017) and England (Afshar et al., 2017). Most
studies were conducted on female subjects with ages ranging from 31 to
48 years. Seven studies (Babineau et al., 2015; Crisp et al., 2017; Wefers
et al., 2017; Berglind et al., 2015a,b; Berglind et al., 2016; Sellberg

et al., 2017) evaluated the physical activities' changes after RYGB sur-
gery and four studies (Bond et al., 2010a, 2017; Creel et al., 2016;
Afshar et al., 2017) combined different surgical procedures. The follow-
up interval from the pre-to post-surgery period ranged from two months
to five years.

3.3. Meta-analysis

Eight studies that evaluated the changes in sedentary and light ac-
tivity pre-to post-surgery were included in the meta-analysis, resulting
in 10 outcome measures in 390 subjects. In the study by Crisp et al.
(2018) data were included at six and 12 months after surgery. The study
by Sellberg et al. (2017) presented data from nine and 48 months after
surgery. Overall, the meta-analysis using the random effects model in-
dicated no significant changes to sedentary (SMD = —0.055; 95% CI
—0.149 to 0.040; p = 0.260; 1> = 96.9%) and light activities per day
(SMD = 0.020; 95% CI —0.095 to 0.134; p = 0.737; I* = 96.9%) post
bariatric surgery. Subgroup analysis also showed no significant effect
on sedentary and light activities at six to 11 months post-surgery and
=12 months post-surgery. Sensitivity analyses showed that results from
sedentary activity and light activity were not affected by any particular
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Table 1

Summary of the included studies.
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Studies

Subjects
(gender)

Age (BMI)

Accelerometer (wear)

Surgical
Procedure

Analysis Time

Main Results (pre- to post-
surgery)

Afshar et al. (2017)

Babineau et al. (2015)

Berglind et al. (2016)

Berglind et al. (2015a)

Berglind et al.,

(2015b)

Bond et al., (2017)

Bond et al. (2010a)

Creel et al. (2016)

Crisp et al. (2018)

Sellberg et al. (2017)

Wefers et al. (2017)

22 (72% female)

17 (58.5%
Female)
43 (100%
female)

56 (100%
female)

56 (100%
female)

14 (78.6%
female)

20 (85% female)

33 (84% female)

34 (100%
female)

30

50 (86% female)

46 years
(41kg/m?)

46 years
(48 kg/m?)
39 years
(39kg/m?)

39 years
(37 kg/m?)

39 years
(39kg/m?)

48 years
(46 kg/m?)

47 years
(50 kg/m?)
44 years
(47 kg/m?)

31 years
(44 kg/m?)

38 years
(39kg/m?)

42 years
(38kg/m?)

Tri-axial GENEActiv (wrist)

Tri-axial ActivPAL (mid-thigh)

Tri-axial GT3X+ (hip)

Tri-axial
GT3X+ (hip)

Tri-axial
GT3X+ (hip)

Tri-axial SenseWear Armband
(arm)

Tri-axial
RT3 (waist)
Tri-axial
GT3X (hip)

Tri-axial
GT3X+ (waist)

Tri-axial GT3X+ (hip)

Tri-axial SenseWear Pro
Arnband (arm)

77% GB;
18% SG;
5% IB

RYGB

RYGB

RYGB

RYGB

50% RYGB;
44% GB;
6% SG.
65% LAGB;
35% GB
RYGB

SG

GB r-RYGB
DS

RYGB

RYGB

RYGB

Before and 6 months after
surgery

Before, 3 and 6 months
after surgery
Before and 9 months

surgery

Before and 9 months after
surgery

Before and 9 months after
surgery

Before and 6 months after
surgery

Before and 6 months after

surgery
Before, 2, 4, and 6
months after surgery

Before, 6 and 1 year after
surgery

Before, 9 and 48 months
after surgery

Before and 9 months after
surgery

Sedentary (min/day): NS

Light activity (min/day): NS
MVPA (min/day): NS

MVPA in bouts =10 min (min/
week): NS

Sitting/lying time: NS

Sedentary (min/day): NS

Light activity (min/day): NS
MVPA (min/day): NS

MVPA in bouts =10 min (min/
week): NS

Sedentary (min/day): NS

Light activity (min/day): NS
MVPA (min/day): NS

MVPA in bouts =10 min (min/
week): NS

Sedentary (min/day): NS

Light activity (min/day): NS
MVPA (min/day): NS

MVPA in bouts =10 min (min/
week): NS

MVPA (min/day): 1

MVPA in bouts =10 min (min/
week): NS

6 months: Sedentary (min/day);
NS

6 months: Light activity (min/
day); NS

6 months: MVPA (min/day); 1

6 months: MVPA in bouts

>10 min (min/week); 1

6 months: Sedentary (%); NS

6 months: Light activity (%); NS
6 months: MVPA (%); 1

6 months: MVPA in bouts

>10 min (min/week); NS

1 year: Sedentary (%); NS

1 year: Light activity (%); NS

1 year: MVPA (%); NS

1 year: MVPA in bouts =10 min
(min/week): NS

9 months: Sedentary (min/day);
NS

4 years: Sedentary (min/day); NS
9 months: Light activity (min/
day); NS

4 years: Light activity (min/day);
NS

9 months: MVPA (min/day); NS
4 years: MVPA (min/day); NS
Sedentary (min/day): |

Light activity (min/day): 1
MVPA (min/day): 1

Legend: GB = gastric by-pass; SG = sleeve gastrectomy; B = intragastric balloon; RYGB = roux-en-Y gastric by-pass; rRYGB = revision Roux-en-Y gastric bypass;
DS = duodenal switch; MVPA = moderate to vigorous physical activity; LAGB = laparoscopic adjustable gastric band; BD = biliopancreatic diversion with duodenal
switch; BMI = body mass index; NS = non-significant changes compared to pre-surgery values; { = increase compared to pre-surgery values; | decrease compared to

pre-surgery values.

study. Fig. 2A and B shows the forest plot of changes in sedentary and
light activity, respectively.

Eight studies evaluating the changes of MVPA per day pre-to post-
surgery were included in the meta-analysis, resulting in 11 outcome
measures in 404 subjects. Crisp et al. (2018) presented the data from six
and 12 months after surgery and Sellberg et al. (2017) from nine and 48
months after surgery. Overall, bariatric surgery favors an increase in
MVPA, with SMD values of 0.133 (95% CI 0.040 to 0.226; p = 0.005;
12 = 97.0%). Six studies evaluating the changes of MVPA in bouts

>10min per week pre-to post-surgery were included in the meta-
analysis, resulting in eight outcome measures in 300 subjects. Crisp
et al. (2018) presented data from six and 12 months post-surgery.
Overall, MVPA in bouts =10 min per week also increased after surgery,
with SMD values of 0.066 (95% CI 0.039 to 0.093; p = 0.000;
12 = 95.6%). Subgroup analysis showed increase of MVPA per day at six
to 11 months post-surgery (SMD = 0.297, 95% CI 0.076 to 0.519;
p = 0.008; I> = 94.1%) and increase of MVPA in bouts =10min per
week at =12 months post-surgery (SMD = 0.064, 95% CI 0.037 to
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Subgroup Study name Statistics for each study Std diff in means and 95%CI
Time Std diff Lower Upper
inmeans  limit limit p-Value
> 12 months Berglind 2015b 0.040 0002 0.077 0.035
Berglind 2016 -0044 -0.087 -0002  0.040
Berglind 2015a -0059 -0.09%8 -0022  0.002 O
W afers 2017 -0.240 -0.380 -0299  0.000 Enl
Sellberg 2017 0.081 -0.011 0132  0.097
Sellberg 2017b 0.125 0037 0.212  0.005 ——
Crisp2018b 0075 0028 0.123  0.002 -0~
Subtotal (I-squared = 97.8%, p = 0.00) -0022 0140 009 0.715
6to 11 months Afhar 2017 -0250 -0.370 -0.130  0.000 —f
Creel 2016 -0.140 022 -0059  0.001 -}
Crsp2018 0.031 -0.028 0099 0.281
Subtotal (I-squared = 90.0%, p = 0.00) -0114 0273 0045 0.181 4
Overall (I-squared = 96.9%, p = 0.00) -0.055 -0.149 0.040 0.280
-0.50 -0.25 0.00 0.25 0.50
Decrease Increase
b Subgrou
P Study name Statistics for each study Std diff in means and 95%CI
T
ime Std diff Lower Upper
inmeans  limit lmit  p-Value
Berglind 2015b -0029 -0082 0.023 0275
Berglind 2016 0010 -0070 0.050 0747
Berglind 20153 0.000 -0052 0.052 1.000
Wafers 2017 0.311 0271 0.351 0.000 O
Selberg 2017 -0075 -0.163 0.012 0092
Sellberg 2017a -0044 -0.122  0.044 0324
Crisp 2018a -0.129 -0177 -0081 0.000 -
Subtotal (I-squared = 97.5%, p = 0.00) 0.004 -0.131 0.140 0950
Afshar 2017 0333 0.198 0469 0000 -
Creel 2018 0.012 -0054 0079 0712
Crisp 2018 -0.148 -0213 -0078 0000 -+
Subtotal (I-squared = 95.0%, p = 0.00) 0.058 -0.157 0.273 0598 -
Overall (I-squared = 90.0%, p = 0.00) 0020 -0095 0.134 0737
-0.50 -0.25 0.00 0.25 0.50
Decrease Increase

Fig. 2. Forest plot of standardized mean difference with 95% confidence interval (CI) pre-to post-surgery changes in (a) sedentary activity and (b) light activity. The
size of the plotted squares reflects the relative weight of each study. The horizontal lines denote 95% CI. The rhombi represent the combined effect sizes for subgroups

and overall analysis.

0.091; p = 0.000; I?> = 24.4%). Sensitivity analyses showed that the
results from MVPA were not affected by any particular study. Fig. 3A
and B shows the forest plot of the changes in MVPA per day and in
bouts =10 min per week, respectively.

4. Discussion

To the best of our knowledge, this is the first meta-analysis of ret-
rospective studies investigating the change in physical activity patterns
by tri-axial accelerometry post-bariatric surgery. Our main findings
indicate that bariatric surgery has a positive trivial effect on MVPA (per
day and in sessions = 10 min per week), with no changes in sedentary
and light activities. Subgroup analysis based on time post-surgery also
showed no significant changes in sedentary and light activities per day.
However, bariatric surgery has a small effect on MVPA per day at 6-11
months post-surgery and a trivial effect on MVPA in sessions =10 min
per week at = 12 months post-surgery.

Morbidly obese subjects may have several physical barriers, in-
cluding health-related issues such as physical limitations, tiredness, and
bodily pain (McIntosh et al., 2016; Zabatiero et al., 2016, 2018).
Consequently, they performed less MVPA throughout the day compared
to normal-weight control subjects (Bond et al., 2010b). On the other
hand, observational studies indicate that weight loss after bariatric
surgery is associated with improvement in fibromyalgia symptoms

10

(Saber et al., 2008), arthritis (Ahroni et al., 2005), and joint pain in the
knee (Peltonen et al., 2003; Korenkov et al., 2007), hip, and ankle
(Peltonen et al., 2003); all of which are factors that may favor an in-
crease in physical activity.

However, the overall meta-analysis showed that bariatric surgery
has only a trivial increase in MVPA (per day and in session = 10 min
per week), without affecting the time spent in sedentary and light ac-
tivities. Therefore, the results from this review reinforce that weight
loss post-surgery does not significantly favor changes in daily physical
activities per se, and the amount of changes in MVPA cannot be con-
sidered sufficient to confer important health benefits to bariatric pa-
tients.

In bariatric surgery candidates, many physical activity barriers
(such as lack of motivation and time, environment, social support, and
restricted resources) are non-obesity-related (Zabatiero et al., 2016,
2018). This may explain why bariatric surgery and weight loss have
only a trivial effect on MVPA and no effect on sedentary behavior. Thus,
more specific behavior interventions focusing on non-obesity-related
barriers should be considered to increase MVPA more effectively and to
reduce sedentary behavior. In support of this, Bond et al. (2017) con-
ducted a randomized controlled trial in bariatric surgery candidates
showing that face-to-face physical activity counseling was more effec-
tive in promoting MVPA and the number of steps than standard care
controls, and these changes were maintained 6 months after bariatric
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Subgroup Study name Statistics for each study Std diff in means and 95% CI
S std diff Lower Upper
inmeans limit limit p-Value
= 12 months Berglind 2015b 0.031 -0.006 0.068 0.099
Berglind 2016 0.007 -0.036 0.049 0.759
Berglind 2015a 0.026 -0.011 0.063 0.166
Wafers 2017 0.338 0281 0.395 0.000 i
Sellberg 2017 0.028 -0.022 0.079 0.271
Sellberg 2017a -0.093 -0.180 -0.005 0.039 H
Crisp 2018a 0.349 0280 0.419 0.000 L
Subtotal (I-squared = 96.7%, p = 0.00) 0.098 -0.004 0.200 0.060 <>
6to11months  Afshar 2017 0.007 -0.111 0.125 0.904 {1}
Creel 2016 0.366 0282 0.449 0.000 t
Bond 2017 0266 0.098 0.435 0.002 —1
Crisp 2018 0538 0450 0.627 0.000 {1
Subtotal (I-squared = 94.1%, p = 0.00) 0297 0.076 0.519 0.008 i1
Overall (I-squared = 96.7%, p = 0.00) 0.133 0.040 0.226 0.005 -
-1.00  -0.50 0.00 0.50 1.00
Decrease Increase
Subgroup Study name Statistics for each study Std diff in means and 95% CI
Cime Std diff Lower Upper
in means  limit limit  p-Value
= 12 months Berglind 2015 0.058 0.021 0.095 0.002 El
Berglind 2016 0.019 -0.041 0078 0.543
Berglind 2015a 0.078 0028 0.129 0.002 Od
Crisp 2017a 0.092 0044 0.140 0.000 O
Subtotal (I-squared = 24.4%, p = 0.26) 0.064 0037 0.091 0.000 ¢
6 to 11 months Afshar 2017 0.007 -0.111 0.125 0.905
Creel 2016 0581 0496 0665 0.000 ‘EV (g
Bond 2017 -0.005 -0.056 0.045 0.837
Crisp 2017 0.154 0.107 0.202 0.000 O
Subtotal (I-squared = 97.9%, p = 0.00) 0.184 -0.043 0412 0.113 P
Overall (I-squared = 95.6%, p = 0.00) 0066 0039 0.093 0.000 ¢
-1.00 -0.50 0.00 0.50 1.00
Decrease Increase

Fig. 3. Forest plot of standardized mean difference with 95% CI pre-to post-surgery changes in (a) MVPA per day and (b) MVPA in bouts =10 min. The size of the
plotted squares reflects the relative weight of each study. The horizontal lines denote 95% confidence interval (CI). The rhombi represent the combined effect sizes

for subgroups and overall analysis.

surgery.

The strength of this systematic review is that all studies assessed
physical activity parameters (sedentary activities, light activities, and
MVPA) by using a tri-axial accelerometer. On the other hand, there
were several limitations that must be addressed. First, there was sig-
nificant heterogeneity among included studies. This was not surprising,
given that daily physical activity is the most variable component of
total energy expenditure among individuals, and the included studies
were conducted in different countries. Other sources of heterogeneities
included the differences in patient characteristics (e.g., gender, age, and
initial BMI), surgical procedure type (predominantly restrictive, ma-
labsorptive, and mixed restrictive/malabsorptive), and time of analysis
post-surgery. Second, we excluded data less than 6 months post-sur-
gery. Only two studies evaluated this period (Babineau et al., 2015;
Creel et al., 2016), moment when diet is more restrictive and there is
accentuated loss in body weight. In addition, only one study evaluated
the physical activities by tri-axial accelerometer in a period of time
greater than 12 months. Thus, more studies are needed to investigate
the changes in physical patterns in the long term after bariatric surgery.

In summary, bariatric surgery and standard care per se resulted in a
trivial effect on MVPA after loss in body weight. On the other hand,
bariatric surgery did not influence sedentary behavior, indicating that

11

bariatric patients need to be better informed about the importance of
reducing sedentary activities and increasing physical activity levels.
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