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Abstract

Background: Resistance training has been consistently shown to have multiple health benefits, especially for patients who have
undergone bariatric surgery. Patients who have undergone bariatric surgery are recommended to participate in resistance exercise;
however, protocols and guidelines for resistance training remain poorly implemented.

Objective: This is a protocol for a systematic review and possibly a meta-analysis that will synthesize evidence of the effects
of resistance exercise on changes in body composition, muscular strength, overall weight loss or maintenance of weight loss, and
quality of life in patients after metabolic and bariatric surgery (MBS). The findings of this study may provide practice
recommendations for resistance training among patients who have undergone MBS.

Methods: We registered this systematic review on PROSPERO (CRD42023464928) on September 18, 2023. A systematic
search of electronic databases (Embase, PubMed, Scopus, Web of Science, and CINAHL) was conducted on studies published
from January 1, 1991, to May 15, 2023, to identify English-language human studies on adult patients who have undergone MBS
that include a resistance training intervention and describe outcome measurements of body composition or strength. Screening
will be performed using PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, and relevant
data elements will be extracted.

Results: Searches and screenings commenced in May 2023. Data extraction and analyses will be completed by the end of
December 2023, after which findings will be synthesized and reported by the end of March 2024.

Conclusions: This systematic review will summarize the evidence regarding resistance training in patients after MBS. The
findings from this systematic review and possible meta-analysis may provide practice recommendations for resistance training
protocols in this patient population and identify characteristics of protocols with the best adherence and outcomes. With these
results, we anticipate that we will gain a deeper understanding of the role of resistance training after MBS.

Trial Registration: PROSPERO CRD42023464928; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=464928

International Registered Report Identifier (IRRID): PRR1-10.2196/49513

(JMIR Res Protoc 2023;12:e49513) doi: 10.2196/49513
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Introduction

Obesity negatively affects nearly every organ system. Since the
National Institutes of Health published a statement on
gastrointestinal surgery for severe obesity in 1991, metabolic
and bariatric surgery (MBS) has been extensively studied over
the last 30 years. Surgical procedures as well as perioperative
protocols continue to evolve. The benefits and favorable
outcomes of MBS have been consistently proven to be durable
for up to 20 years after surgery. These outcomes include greater
than 60% excess body weight loss (%EBWL); superiority over
diet, exercise, and other lifestyle interventions in attaining
significant and durable weight loss; improvement in
obesity-related comorbid conditions such as glycemic control
in type 2 diabetes mellitus [1], obesity-associated cancers [2],
and nonalcoholic steatohepatitis [3]; and improvement in quality
of life and overall mortality [2,4]. The evidence has been so
robust that the American Society for Metabolic and Bariatric
Surgery and the International Federation for the Surgery of
Obesity and Metabolic Disorders have convened to produce a
joint statement on the current available scientific information
on MBS in 2022, which has expanded the indications for MBS

to include individuals with a BMI ≥35 kg/m2, regardless of the
presence, absence, or severity of comorbidities; individuals with

metabolic disease and a BMI of 30-34.9 kg/m2; individuals in

the Asian population with a BMI ≥27.5 kg/m2; and appropriately
selected children and adolescents [4].

To augment the health benefits of MBS, patients who have
undergone bariatric surgery are recommended to participate in
regular physical activity [5], although the recommended
guidelines remain somewhat nonspecific. The American College
of Sports Medicine recommends the same amount of physical
activity for both individuals with obesity and patients who have
undergone bariatric surgery [6]. Patients who have undergone
MBS may require different recommendations than those who
have not undergone surgery, as patients after MBS consume
what is considered a very low-calorie diet and experience large
and rapid weight loss. The rapid weight loss is not only fat mass,
but it has been shown to also be fat-free mass, including muscle
mass, which is associated with a decrease in muscle strength
[7,8].

Resistance training is defined as a form of physical activity that
is designed to improve muscular fitness by exercising a muscle
or a muscle group against any external resistance [6]. This can
include modalities such as machines, free weights, bands, and
body weight movements. Resistance training should be
implemented to mitigate sarcopenia or skeletal muscle loss,
which has in turn been shown to improve strength in patients
who have undergone MBS [9-11]. Resistance exercise has been
proven to have many benefits. It may assist in the prevention
and management of type 2 diabetes by decreasing visceral fat
and improving insulin sensitivity [12,13]. It improves physical
performance, movement control, walking speed, functional
independence, cognitive capabilities, and self-esteem [13,14].
It has also been shown to improve balance and reduce the risk
of falls in older adults, which may be a major cause of morbidity
and death [15]. Therefore, muscle mass and strength are

arguably the most crucial elements of body composition, given
their contribution to independence and longevity.

Studies have shown that maintenance of (and in some cases
gains in) muscle strength occurred in the context of massive
lean body mass loss in patients who have undergone MBS
[5,9,10]. The implementation of effective resistance training
programs specifically designed for patients who have undergone
MBS could help this patient population with favorable body
recomposition by increasing fat loss while retaining and even
building lean mass, bone mass, and muscular strength. Efforts
toward creating specific recommendations for resistance training
protocols in patients after MBS have been made based on a
systematic review by Morales-Marroquin et al [16]. However,
this review was small and based on 9 randomized controlled
trials. The effects of resistance exercise in patients after MBS
have not yet been assessed through meta-analysis.

With the new 2022 statement on the expansion of patients who
should be considered for MBS in mind, the population of
patients who have undergone MBS will likely continue to
increase, necessitating clearer recommendations and practice
guidelines for resistance training in this population.

This study aims to be the largest and most comprehensive
systematic review of resistance training protocols and their
effects on patients who have undergone MBS with regard to
body composition, muscular strength, and relevant health
outcomes. More importantly, it also aims to review which
protocols have superior adherence and compliance after the
implementation of resistance training. Lastly, we hope to offer
practice recommendations for resistance training protocols that
can be applied in this patient population with the ultimate goal
of long-term healthy weight loss and weight maintenance.

Methods

Ethical Considerations
As this study does not have the direct involvement of human
participants, an institutional ethical review will not be warranted.
However, to adhere to a strict methodology, the protocol of this
systematic review and meta-analysis has been registered on
PROSPERO (CRD42023464928) [17]. PROSPERO is an
international database of prospectively registered systematic
reviews, which provides a unique permanent registration number
to the protocol that prevents duplication, thereby reducing
reporting bias.

Review Question
Our review question is as follows: “What are the effects of
resistance training on patients after MBS? Additionally, which
resistance training intervention demonstrated the most
improvement regarding body composition and relevant health
outcomes, and which intervention had the best adherence?”

Inclusion and Exclusion Criteria
The PECOS (Population, Experiment, Comparator, Outcome,
Study Design) framework was used to formulate eligibility
criteria for this systematic review and meta-analysis [18]. Case
series, case-control studies, retrospective and prospective
cohorts, and randomized and nonrandomized clinical trials will
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be eligible for inclusion. Studies published in other languages,
case studies, editorials, posters, abstract-only studies, conference
proceedings, animal studies, and reviews will be excluded.
Studies that do not include resistance training as a component
of the exercise intervention or those without quantitative data
on outcomes of interest will also be excluded. We will use the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) checklist.

Study eligibility criteria in the form of PECOS criteria are as
follows (Figure 1): we will include studies with adult patients
aged 18 years or older; individuals who have undergone MBS,

including the following procedures—Roux-en-Y gastric bypass,
sleeve gastrectomy, biliopancreatic diversion with duodenal
switch, single anastomosis duodenal-ileal bypass with sleeve
gastrectomy, gastric band, or revisional bariatric surgery; and
those who have undergone a resistance exercise intervention;
studies that include outcome measurements of body composition
or strength; and articles that were published in English and were
performed on humans. We will exclude studies that were not
performed on adult human participants, are not in English,
included patients who have not undergone MBS, did not include
body composition or strength components as outcome measures,
and had no resistance exercise component in the intervention.

Figure 1. PECOS (Population, Experiment, Comparator, Outcome, Study Design) framework of the study.

Informational Sources and Search Strategy
A systematic search of bibliographical electronic databases was
conducted on studies published from January 1, 1991, to May
15, 2023, to identify English-language human studies. A
comprehensive search and article retrieval strategy was planned
by the study’s investigators, guided by a library subject matter
expert, to find potentially relevant articles in the following
databases: Embase, PubMed, Scopus, Web of Science, and
CINAHL. In accordance with the search development and
optimization method proposed by Bramer et al [19], the search
strategy was developed in Embase and then translated into the
syntax of each of the other databases. The search strategy was
optimized for each database using a thesaurus, free-text search
terms, as well as Medical Subject Headings terms. Informed by
the PECOS framework (Figure 1), search strings for each
database were developed iteratively and revised as new search
terms were discovered. The search strategy will be
peer-reviewed by a second research librarian using the Peer

Review of Electronic Search Strategies (PRESS) 2015
Evidence-Based Checklist [20].

Multimedia Appendix 1 includes the full search strategy in
detail. Keyword criteria included combinations of the following
words and phrases: bariatric surgery, gastric bypass, sleeve
gastrectomy, gastric band, biliopancreatic diversion with
duodenal switch, resistance training, and weight lifting. We will
include studies on humans and in English from all geographical
locations.

Screening
All records or articles will be imported into an intelligent,
systematic review tool called Rayyan (Rayyan Systems Inc) for
screening. After the deduplication, all records will be assessed
by 2 independent reviewers to check for inclusion and exclusion
criteria (Figure 1). Titles, abstracts, and full texts of articles will
be screened in a systematic and sequential manner. All reasons
for exclusion will be documented at each step of screening. A
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PRISMA flow diagram will be used for describing the study
selection process [21].

Data Extraction and Main Data Elements
A total of 2 reviewers will independently extract the relevant
data elements from the eligible full texts of the articles and
record these variables in a standardized code book. A double
extraction method will be used to ensure accuracy and
completeness. After data extraction, disparities will be resolved
by consensus and discussion with the third reviewer, or a
“tiebreaker.” Attempts to contact the corresponding authors of
the included articles will be made if more information about
the individual study’s data is needed. The following data
elements will be extracted: (1) study title; (2) study author; (3)
year; (4) evidence level; (5) quality score; (6) study design; (7)
sample size; (8) sex (menopausal status, if in female
individuals); (9) age; (10) geographic location (country); (11)
operation (Roux-en-Y gastric bypass, sleeve gastrectomy, gastric
band, revision bariatric surgery, biliopancreatic diversion with
duodenal switch, or single anastomosis duodenal-ileal bypass
with sleeve); (12) exercise intervention (type of exercise training
[resistance, resistance + aerobic, aerobic only, or none]),
postoperative initiation of intervention, frequency (days per
week and minutes per session), intensity (sets and repetitions),
and the duration of program (weeks or months); (13) exercise
setting (supervised, nonsupervised, individual, group, and
combined); (14) diet (protein intake); (15) key findings; (16)
changes in body composition (%EBWL, total body weight loss

[%TBWL], fat mass, fat-free mass, muscle mass, strength, and
bone density); (16) how changes in body composition were
measured; (17) how strength was measured; (18) changes in
relevant health outcomes (heart disease, diabetes mellitus,
obstructive sleep apnea, and osteoarthritis or degenerative joint
disease); (19) measure of nonexercise physical activity; (20)
adherence or compliance; (21) weight loss maintenance; (22)
quality of life; (23) self-esteem; (24) habitual physical activity;
and (25) length of follow-up.

The primary outcomes of interest in this study are changes in
body composition (%EBWL, %TBWL, fat mass, fat-free mass,
muscle mass, strength, and bone density). The secondary
outcomes of interest include (1) relevant health outcomes (heart
disease, diabetes mellitus, obstructive sleep apnea, and
osteoarthritis or degenerative joint disease), (2) adherence and
compliance, and (3) quality of life and self-esteem.

Quality or Risk of Bias Assessment
For the quality assessments of the included studies, the National
Heart, Lung, and Blood Institute quality assessment tool will
be used. A total of 2 reviewers will assess the quality of the full
texts and will perform scoring independently. The kappa
statistics will be calculated to measure the interrater agreement.
The National Heart, Lung, and Blood Institute tool has 14 items
in the checklist (Figure 2) to evaluate all essential components
of original research studies. Quality will be rated as poor (0-4
out of 14 questions), fair (5-10 out of 14 questions), or good
(11-14 out of 14 questions) as guided by the tool.

Figure 2. National Heart, Lung, and Blood Institute health quality assessment tool for observational, cohort, and cross-sectional studies.
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Statistical Plan
The first results of all the finally included studies will be
described succinctly in the form of a summary table. The pooled
estimates with a 95% CI will be generated using the
Comprehensive Meta-Analysis software (version 3.0; Biostat).
A random-effects model will be used to calculate pooled
estimates, as this is a more robust estimate regardless of

heterogeneity [22]. Cochran Q and I2 statistics will be used as
indicators of heterogeneity. If enough studies are available in
subgroups, then further analyses based on moderator variables,
such as sociodemographic variables, country, and type of
intervention, will also be conducted. Sensitivity analysis will
be conducted to identify studies that may severely affect the
pooled prevalence. A funnel plot and Egger linear regression
test will be used to assess publication bias [23]. The significant
level will be set as 2-sided and P<.05. Forest plots will be used
to present the data.

Data Analysis and Presentation
We will present the extracted data in tabular form and as a
systematic summary as required. A data extraction form will
be developed before article analysis. The table will report the
extracted variables as listed above in the Data Extraction and
Main Data Elements section. If the findings are poolable,
quantitative analysis will be conducted.

Our meta-analysis plan is as follows: the number of studies with
positive, null, or negative findings will be presented. Effects of
resistance exercise on changes in body weight, fat mass, lean
body mass, muscle strength, quality of life, changes in health
outcomes, and adherence will be examined using random effects
models. The Comprehensive Meta-Analysis software will be
used to analyze the data. The mean (SD) of the absolute change
in the intervention and control groups will be reported.
Pooled-effect estimates (effect size) will be expressed as the
weighted mean difference (MD) between exercise and control

groups for the outcomes listed above and as the weighted
standardized MD for changes in the outcomes. P<.05 will be
considered statistically significant. Heterogeneity will be

assessed using I2, with values interpreted as low at 25%,

moderate at 50%, and high at 75%. The τ2 and test of
homogeneity will also be reported. Prediction intervals (PIs)

will be calculated using the formula 95% PI = MD ± 2 τ2. To
identify sources of heterogeneity, sensitivity analyses with the
one-study-removed procedure will be performed. Publication
bias will be assessed with a visual inspection of the funnel plot
and Egger regression test.

The reason a meta-analysis is a possibility and not definite is
because we do not yet know if the group of studies will be
sufficiently homogenous in terms of subjects involved, type of
intervention (eg, resistance training), outcome, and the type of
effect measure reported in each study to provide a meaningful
summary. In other words, if studies are too heterogeneous to
be comparable, the true effects in meta-analytical evidence may
be obscured. It is possible to produce a narrative synthesis
(systematic review) of the entire pool of studies and perform
quantitative analysis (meta-analysis) only on the randomized
controlled trials.

Results

The search for this systematic review commenced in May 2023.
Data extraction and analyses will be completed by the end of
December 2023, after which findings will be synthesized and
reported by the end of March 2024. The plan for dissemination,
however, is to publish the review’s findings in a peer-reviewed
journal and present findings at high-level conferences to share
knowledge to help establish specific resistance exercise
protocols in patients after MBS. A timeline is provided in Table
1.

Table 1. Timeline table for review.

Mar
2024

Feb
2024

Jan
2024

Dec
2023

Nov
2023

Oct
2023

Sept
2023

Aug
2023

July
2023

Jun
2023

May
2023

Tasks

✓Initial design and searches

✓Screening of duplicates and titles

✓Screening of abstracts

✓✓Screening of full-text articles

✓Search references of included studies

✓✓✓Data extraction

✓✓✓Synthesis and risk of bias assessment

✓✓Abstract and manuscript drafting

✓Submission to conferences and peer-reviewed
journals
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Discussion

Overview
Our proposed systematic review will be a comprehensive review
that synthesizes the effects of resistance training on the health
outcomes of patients after MBS. We anticipate that this study
will demonstrate the benefits of resistance training on weight
loss, weight maintenance, increased strength, increased bone
density, maintenance of lean muscle mass, and improvement
in comorbid conditions. In addition, we anticipate there will be
an improvement in mental health, self-esteem, and quality of
life.

The results of our review will be used to design resistance
training protocols that may be prescribed to patients after MBS
for optimal weight management and strength gains, as this
population is at high risk of fat-free mass loss due to their very
low-calorie diets and rapid weight loss. This will subsequently
improve longevity in this patient population, as age-related
sarcopenia, fragility, and increased risk of falls and fractures
have high mortality rates [13]. Lastly, the results of this study
will generate pertinent considerations for future research to
continue improving the knowledge available on the benefits
and application of resistance training in patients after MBS. If
results from the review are suitable for pooling, this will be the
largest review with quantitative analysis specific to resistance
training protocols in patients after MBS.

Ultimately, the optimal protocol for resistance training is the
one the patient will adhere to. Even with a clearly superior
protocol, if the adherence rate is low, it will be of minimal
benefit to the patient. According to a review by Bellicha et al
[24], most patients do not reach the recommended levels of
physical activity after bariatric surgery. A recent systematic
review by Bond et al [25] demonstrated that participants who
were assigned to the exercise interventions achieved only modest
weight loss after 12 months, although none of the exercise
interventions aligned with the 250-300 weekly minutes of
moderate-intensity physical activity recommended by the
American College of Sports Medicine and the 2018 physical
activity guidelines for the management of obesity and prevention
of weight recurrence. This study also showed that adherence
rates were only reported in 2 studies [25]. The ideal protocol
will look different for all patients; however, this study may
provide further insight on which protocols have the highest
adherence rates and what the characteristics of those protocols
are. We will distinguish if there are differences in supervised
versus nonsupervised sessions as well as individual versus group
settings. Studies have shown that a critical component of

sustained weight loss includes a sense of “reinvention” and an
identity shift to a new lifestyle after successful weight loss
[26,27]. Whatever the superior protocol is, it must be sustainable
and habit-forming for patients who have undergone MBS.

Limitations
This systematic review will have limitations. There will be a
degree of heterogeneity among the studies selected due to the
variability of the research methodologies, settings, exercise
interventions, diets, and outcome measurements. There is an
inherent risk of reviewer bias, which will be mitigated by the
use of tools for assessing risk of bias. We will attempt to
minimize the bias in this review by following strategies: (1) we
will perform a sensitivity analysis to examine if overall findings
are sensitive to the exclusion of a study with low quality or a
risk of bias; (2) we will ensure transparency on the methods;
(3) at every stage of the systematic review, we will solicit inputs
from subject matter experts; and (4) we will perform a risk of
bias assessment in each study using the standardized tools. There
is also a risk of missing pertinent literature on our research topic.
A medical librarian at the first author’s home institution was
consulted and assisted in developing a broad search strategy to
maximize the likelihood of identifying relevant
articles. Additionally, many aspects related to resistance training
are fully subjective, and many outcomes are not reflected in a
continuous mathematical figure. There is a chance that any
recommendations made after this study may not be statistically
significant, but the goal is to perform as comprehensive a review
on multiple study methodologies as possible and to report on
multiple outcomes of interest that may potentially guide
protocols in the future.

Dissemination Plan
The findings from this systematic review will be disseminated
through a peer-reviewed journal article and presentations at
academic conferences.

Conclusion
This study will provide a comprehensive review of the effects
of resistance training in patients who have undergone MBS and
will include data on outcomes regarding changes in body
composition, strength, relevant health outcomes, adherence,
and quality of life. This research will hopefully lead to the
development of optimal resistance training practice
recommendations for this patient population. This study may
also shed light on a resistance training protocol that is best for
adherence and long-term weight loss maintenance. With these
results, we hope to provide a deeper understanding of the role
of resistance training after MBS.
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