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Abstract: Understanding the optimal time, length, intensity, and type of exercise program for bariatric
surgery patients is crucial due to increased obesity prevalence and the number of performed bariatric
procedures. Our aim for this review is to identify the effects of exercise on all aspects of health
regarding the most recent and randomized studies. A total of 120 articles were reviewed through
PubMed. As a result of the research, 11 studies that met the inclusion criteria were included. A quality
analysis and a risk of bias assessment of the trials included in this systematic review were performed
using the Physiotherapy Evidence Database (PEDro) scoring and classification system. Narrative
syntheses were given for this systematic review. The articles’ intervention description, outcomes, and
results are given in detail in the Results Section. Most exercise interventions were carried out in the
post-op stage in bariatric surgery patients. Only two studies were conducted before the scheduled
procedure. Overall, aerobic training (AT) and resistance training (RT) combined exercise programs
effectively improved clinical parameters, including cardiac function, lower extremity function, muscle
strength and endurance, cardiovascular parameters, and functionality. Exercise training caused no
additional effects on inflammation and endothelial dysfunction biomarkers. In the literature, no
research identifies the effects of only AT on bariatric surgery patients. Therefore, this aspect should
be considered when interpreting all the studies’ results. In conclusion, there is a need for research
to examine only AT in bariatric surgery patients and for general exercise training studies, including
better randomization and quality.
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1. Introduction

Obesity is a globally prevalent significant public health problem characterized by
various alterations in hormonal, inflammatory, and endothelial functions [1-4]. Obesity,
typically characterized by a body mass index (BMI) above 30 kg/m?, increases the likeli-
hood of death from any cause [5]. Given the widespread occurrence of overweight (BMI
between 25 and 30 kg/m?) and obesity, it has become crucial to prioritize interventions
such as diet and exercise that encourage weight loss to minimize health risks in the over-
all population. Obesity stands as a significant, separate risk factor for the emergence of
hypertension (HT), type 2 diabetes (DM), and dyslipidemia [6-8]. Prevalence is rapidly
increasing worldwide.

Consequently, the search for new methods to treat obesity continues [9]. The amount
of energy expended compared to the quantity consumed influences weight changes. As a
result, exercise programs and methods for increasing physical activity levels have been used
for weight control and loss for a long time. Additionally, several effects of exercise reduce
and reverse the damage of obesity. Some of the known advantages of exercise encompass
enhancing cardiovascular fitness (CRF) [10,11], managing glucose levels [12,13], improving
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endothelial function [14,15], influencing lipoprotein particle size [16], boosting high-density
lipoprotein [17], and enhancing the overall quality of life. Bariatric surgeries are an accepted
weight loss method for patients with morbid and severe obesity [18]. There are various
types of bariatric surgeries, including Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy
(SG), one anastomosis gastric bypass (OAGB), and biliopancreatic diversion (BPD). SG and
RYGB are linked to decreased appetite and decreased brain activity in response to food
stimuli. Additionally, the enjoyment of food diminishes, and there is a change in food
preference from high-fat and high-sugar options to healthier alternatives, allowing patients
to develop a positive eating pattern [19]. At present, bariatric surgery is recognized as
the most efficacious approach for treating severe obesity [20]. It demonstrates superior
weight loss and the alleviation of obesity-related comorbidities compared to non-surgical
interventions [21,22].

Consequently, the number of performed bariatric surgeries has seen a rapid increase.
As the number of performed bariatric surgeries increases, the number of pre- and post-op
exercise intervention studies increases. Bariatric surgery leads to notable reductions in
weight and substantial enhancements in metabolic well-being. Nevertheless, it is not an
ideal treatment choice, and its long-term effectiveness remains to be determined. Several
studies indicate that a percentage ranging from 10 to 30 of individuals undergoing bariatric
surgery encounter less-than-ideal weight loss outcomes [23-25].

The intensity, type, duration, starting point, and protocols of the exercise programs
before or after the bariatric surgeries and the effects of different exercise interventions still
need to be clearly defined due to scarce research on the subject. Understanding the optimal
time, length, intensity, and type of exercise program for bariatric surgery patients is crucial
due to increased obesity prevalence and the number of bariatric procedures performed.
Our aim for this review is to identify the effects of exercise on all aspects of health regarding
the most recent and randomized studies.

2. Methods
2.1. Search Strategy

PRISMA guidelines were used during this systematic review. One researcher in our
study group utilized the PubMed database to conduct a literature search in order to find
relevant studies. The inclusion criteria for this study encompassed exercise studies involving
patients who underwent bariatric surgery, with a publication date from June 2018 to June 2023.
The keywords used were “bariatric surgery and exercise” (59), “bariatric surgery and aerobic
exercise” (57), “bariatric surgery and resistance exercise” (10), “bariatric surgery and endurance
exercise” (4), “gastric bypass surgery and endurance exercise” (1), “gastric bypass surgery and
resistance exercise” (7), “gastric bypass surgery and exercise” (26), “sleeve gastrectomy and
exercise” (7), “sleeve gastrectomy and aerobic exercise” (6), “sleeve gastrectomy and resistance
exercise” (0), “adjustable gastric banding and exercise” (1), “adjustable gastric banding and
aerobic exercise” (1), and “adjustable gastric banding and resistance exercise” (0). During the
initial search, a total of 120 studies were reviewed.

2.2. Eligibility Criteria
The inclusion criteria for this study were (1) studies that included an exercise program
incorporating both aerobic and resistance exercises and (2) studies that had a randomized

controlled design. The exclusion criteria for this study were (1) studies for which only an
abstract was available and (2) duplicate studies.

2.3. Study Selection and Data Extraction

This systematic literature review incorporated a total of 11 randomized controlled
studies. The review provided the following details: first author, publication year, interven-
tion description, evaluation parameters, results, the duration of the intervention, the setting
of the intervention, the starting time of the intervention, and PEDro scores (Table 1).
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Table 1. Characteristics of the included studies.

Author PEDro Follow-Up Surgery Type Intervention Outcomes Results
RYGB + ET group VAT
(mean age: 38 = 7, BMI, kg/ m?2:
RCP
489 £+ 6.5) VO
AT + RT 3 times per wk. for 6 months 2peak
AT: 30-60 min treadmill 50% of the MVPA
delta' difference between the V:zntilator Sedentary Behavior TUG, BM, 1-RM Leg Press/Bench Press,
. 3 months . . y 1-RM Leg Press TST, NGP1, ANGP2, TEK, and VEGF
Gil et al. (2021) [26] 5 RYGB anaerobic threshold and respiratory . S .
post-op compensation point TUG improved significantly in RYGB + ET
P onp TST group
RT: 8-12 reps for major muscle groups
NGP1
RYGB group ANGP2
(mean age: 42 £ 8, BMI, kg/ m?2:
47.4 +7.6) TEK
] ' VEGF
Usual care
RYGB + ET group
AT + RT 3 times per wk. for 6 months
AT: 30-60 min treadmill o o _
50% of the delta difference between the CRY% CRY% (p = 0.04), HRR30s (p = 0.01),
Gil et al. (2021) [27] 5 3 months RYGB ventilatory anaerobic threshold and HRR30s HRR60s (p =0.01)
' post-op HOTY ) . HRR60s HRR120s (p < 0.01) in the exercised vs.
respiratory compensation point .
. HRR120s non-exercised group
RT: 8-12 reps for major muscle groups
RYGB group
Usual care
In PSADBVE 6MWT, Q and H muscle
strength in T1-T2, Q and H muscle
PSADBE + PAC group .
(mean age: 42.92 + 5.96, BMI, kg/mZ: 6MWT strength in T1-T3, SCT, SST, and HST
4575 + 4.34) Biodex System® scores for T1-T3 and the SCT and SST
60 min of PSADBE (1-4 wk. at 50-70% FSS _ scores for the comparison of T2-T3,
Tokgoz et al. (2022) 3-6 months of MHR and IWQOL-LITE intergroup comparison, the differences
6 in IPAQ scores for comparisons of
[28] pre-op 4-8 wk. at 60-80% of. MHR) SST
PAC group HST Tl—T.Z and T1-T3, SS score for
(mean age: 40.17 = 10.86, BMI, kg/m2: InBody?270 comparisons of [1-T2 and T1-T3, 1l
4639 + 4.80) IPAQ-SF comparisons of INQOL-LITE Total and

Only physical activity counseling

IWQOL-LITE physical function scores
were significantly higher
(p <0.05)
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Table 1. Cont.
Author PEDro Follow-Up Surgery Type Intervention Outcomes Results
EG group
(mean age: 47.3 &+ 6.5, BMI, kg/ m?2:
38.9 £ 4.8) EG: blood glucose
20 wks. 2 weekly sessions (p: 0.05), total cholesterol (p: 0.026) after
RT: 0-8 wks. 1 set 20 reps 50-60% RM the treatment
8-20 wks.: 4 sets 10-15 reps 65-75% RM SF-36 Between 37 months and 42 months,
Marc-Hernandez 37 months after Sleeve ‘ ET: HIIT + ACT . Total cholesterol Walst-to-helght ratio had significant
et al. (2020) [29] 6 Surgery Gastrectomy HIIT: 5-20 wks. 20 min per session Blood glucose difference between groups (p = 0.033)
‘ (60-95% VOspeak) Blood pressure Bodily pain (SF-36) decreased in EG
ACT: 04 wks. 35 min 5-20 wks. 50 min Waist/height rt. (p: 0.044)
(60-80% MHR) All body composition aspects improved
CG group in EG, except for hip circumference
(mean age: 43.7 &= 11.4, BMI, kg/ m?2: and FFM
382+51)
Usual care
RYGB + ET group
. 2.
(mean age: 4i498i:t742§)13 ML, kg/m*: Seed-to-voxel analyses of hypothalamic
D connectivity, DMN, pSAL, ROI-to-ROI
6 months, 3 times a week - . .
RT + AT MRI acquisition analyses of brain network connectivity
Merege-Filho et al. 6 3 months RYGB RT: 3 sets, 812 reps FC preprocessing increased significantly in RYGB + ET
(2023) [30] post-surgery . Seed-to-voxel (p: 0.05).
AT: 30-60 min . .
ROI-to-ROI BG network connectivity only increased
RYGB group in
(mean age: 41.0 + 7.3, BMI, kg/m?:
43.6 +4.2) RYGB + ET

Usual care
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Table 1. Cont.

Author PEDro Follow-Up Surgery Type Intervention Outcomes Results
PA group
(mean age: 39.5 + 9.4, BMI, kg/mzz
42.0+4.1)
3 months, 3 times a week VOopeak
RT + AT Blood glucose
Asselin et al. (2022) 6 woeks Sleeve AT: 3 sets of 10 min at Lactate Lack of cortisol increase and lower
[31] 6 post-surgery Gastrectomy or moderate-to-vigorous intensity (60-75% Cortisol heart rate were found in the PA group
RYGB VOzpeak) Testosterone only
RT: 30 min, large muscle groups Heart rate
Control group Blood pressure
(mean age: 38.0 = 9.6, BMI, kg/mzz
43.6 £+ 5.0)
Usual care
Intervention group
26 weeks, 3 times a week
Bike training;:
15 min/50-70% VOsmax) VOomax
Mundbjerg et al. 6 months Resistance training: 10 min/60-75% of isometric strength In INT group VOpmax, hip MS, SST, and
(2018) [32] 6 post-surgery RYGB IRM dynamometer SCT improved significantly
) 10-20 rep SST
Optional training;: SCT
15 min/50-70% VOomax
Control group
Physical activity recommendation
EG group
3 months, 3 times a week
- . L o Exercise did not have additional impact
Auclair et al. (2021) 3 months .Blho.pancreatlc AT: 35 min/60-75% of VOzmax VOopeak on weight, FM, or FFM F
8 diversion or Sleeve  RT: 25 min/large muscle groups, 3 sets, pe ; . S
[33] post-surgery G B LVDD In EG VOppeak increased significantly
astrectomy 10-12 reps
versus CG
CG group

Physical activity advice
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Table 1. Cont.

Author PEDro Follow-Up Surgery Type Intervention Outcomes Results
Interventlpn group CRP
26 weeks, 2 times a week ICAM-1
Stolberg et al. 6 6 months RYGB Moderate intensity endurance and L6 Exercise caused no additional
(2018) [34] post-surgery resistance training . improvements
CON(1: 28) tPA:Ag
vWF
Physical activity advice
Waist circumference
HB group Hip circumference
(mean age: 47.5 + 11.6, sex: F 84.8%/M Weight
15.2%, BMI, kg/m?: 36.0 & 6.8) BMI
3 months, 3 times a week, Handgrip strength Waist circumference did not change
semi-supervised TST-30s within or between groups
Junior et al. (2021) 6 3 months RYGB AT: 6-8 RPE, 30-50 min (walking, VO, (p > 0.05)
[35] post-surgery jogging, stair climbing) TC (mg dL) HB group TST (p: 0.02) and VOppax
RT: 6-8 RPE, 4-5 x 10-15 LDL, HDL, TG (p: 0.04) improved when compared
Control group Fasting glucose with CTRL
(mean age: 47.3 +10.9, sex: F 83.8%/M Fasting insulin
16.2%, BMI, kg/m?: 35.3 + 6.7) HbA1c (%)
No intervention C—Peptide (ng/mL)
CRP, SBP, DBP
Intervention group
(mean age: 42.4 £ 9, BMI, kg/mzz
33.3+6.2)
26 weeks, 2 times a week Self—rl:gzrted PA The SF-36 domain “general health”
Stolberg et al. 6 6 months RYGB Moderate intensity endurance and Obiec tine)P A increased in INT compared to CON
(2018) [36] post-surgery resistance training ) ACC 24 months after RYGB
Control group HRQoL (p =0.041)

(mean age: 42.3 £ 9.1, BMI, kg/mzz
34.1 +54)
Physical activity advice

RYGB: Roux-en-Y gastric bypass, ET: exercise training, AT: aerobic training, RT: resistance training, VAT: ventilatory anaerobic, MVPA: moderate-to-vigorous physical activity threshold,
TUG: Timed Up-and-Go Test, tMWT: 6 min walking test, TC: total cholesterol, HRQoL: Health-Related Quality Of Life, CRP: c-reactive protein, t-PA:Ag: tissue-type plasminogen
activator antigen, vVWF: von Willebrand factor, LVDD: Left Ventricular Diastolic Dysfunction, SST: Sit-to-Stand test, TG: total glucose, BMI: body mass index, SCT: Stair Climb Test, FC:
functional connectivity, HRR30-60-120: HR after 30, 60, and 120 s of recovery in relation to HRpeak, MS: muscle strength, DMN: default mode network.
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The datasets containing the independent searches of two researchers were imported
into Rayyan (QCRI, Qatar) software. Rayyan is a practical and automated article manage-
ment tool for systematic reviews. With this software, duplicate records can be detected
automatically. However, it is possible to manually mark the inclusion of trials in the review
with “yes”, “no”, and “maybe” commands on the title/summary.

The two investigators who performed the screening evaluated the trials” eligibility by
considering the studies’ inclusion/exclusion criteria through the Rayyan software. When
two investigators disagreed on trial selection, a consensus was reached by considering the
opinion of an academician who is an expert in surgical rehabilitation and knowledgeable
about the systematic review methodology. A PRISMA flowchart of this systematic review
is presented in Figure 1.

—
c
o
§ Records identified from:
5§ PubMed (n = 120)
[
)
—
\ 4
Records screened
(n=120)
v
Full-text articles assessed for Records excluded at title
— eliaibilitv and abstract and full text
.é (n=120) screening: (n = 109)
1]
5
& v
Reports assessed for eligibility
(n=11)
N
™
- Studies included in systematic
3 review
=
g (n=11)

Figure 1. PRISMA flow diagram of the study.

2.4. Quality and Risk of Bias Assessment

Two independent reviewers conducted quality assessments using PEDro scores. In
case of any disagreements, a third researcher was consulted. PEDro comprises 11 questions
that evaluate specific aspects, such as eligibility criteria, randomization, blinding, follow-up
procedures, and analysis methods. Each item in PEDro is answered with either a “Yes” or a
“No.” The scores obtained from PEDro categorize the quality of the study as “excellent” for
9-10, “good” for 6-8, “moderate” for 4-5, and “poor” for 0-3.
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2.5. Evidence Synthesis

The review results are presented, displaying the principles of narrative synthesis.
The procedures of “developing a preliminary synthesis, exploring relationships within
and between studies, and determining the synthesis’s robustness” were regarded during
the synthesis. Then, the results are shown, displaying the qualitative and quantitative
characteristics of the trials. The authors state that this systematic review protocol was
not registered.

3. Results
3.1. Quality Analysis and Risk of Bias Results

Only one study did not specify the exclusion and inclusion criteria, while the other ten
described these criteria. Random allocation was described in all of the studies according
to our inclusion criteria. Only two studies described blinding in assessors. In the case of
considering “PEDro scores” for included articles, only one article was “moderate”, and ten
articles had a “good” level of evidence. A high majority of the trials had scores of 6-8. The
trials” mean “PEDro score” was 6.18 =+ 0.75 (min—max 5-8). According to the mean PEDro
score, the absolute classification of the articles is “good” (Table 2).

Table 2. PEDro scores of the trials.

Article 01 Q-2 Q-3 Q-4 Q-5 Q-6 Q-7 Q-8 Q9 Q10 Q-11 Total

Gil et al. (2021) [24] Y Y N Y N N N Y Y Y Y 7
Gil et al. (2021) [25] Y Y N N N N N Y N Y Y 5
Tokgoz et al. (2022) [26] Y Y N N N N Y Y N Y Y 6
Marc-Hernandez et al.

(2020) [27] N Y N Y N N N Y N Y Y 6
Merege-Filho et al.

(2023) [25] Y Y N N N N N Y Y Y Y 6
Asselin et al. (2022) [29] Y Y N Y N N N Y N Y Y 6
Mundbjerg et al. (2018) [30] Y Y N Y N N N N Y Y Y 6
Aucdlair et al. (2021) [31] Y Y N Y N N Y Y Y Y Y 8
Stolberg et al. (2018) [32] Y Y N Y N N N N Y Y Y 6
Janior et al. (2021) [33] Y Y N Y N N N N Y Y Y 6
Stolberg et al. (2018) [34] Y Y N Y N N N N Y Y Y 6

Q-1: eligibility criteria; Q-2: random allocation; Q-3: concealed allocation; Q-4: baseline comparability; Q-5: blind
subjects; Q-6: blind therapists; Q-7: blind assessors; Q-8: adequate follow-up; Q-9: intention-to-treat analysis;
Q-10: between-group comparisons; Q-11: point estimates and variability, median values (item total score), and
item score (yes/no).

3.2. Muscle Re-Modeling after Bariatric Surgery

Gill et al. evaluated muscle functionality and strength in bariatric surgery patients
three months after the surgery. The results are in line with those in the literature. After
the bariatric surgery, the participants” lower- and upper-limb muscle strength significantly
decreased. The authors conducted an exercise program involving aerobic and resistance
exercises in three sessions per week for six months. The aerobic training regimen involved
30 to 60 min of treadmill walking, with a progressive increase of 10 min every four weeks.
The exercise intensity was 50% of the difference between the ventilatory anaerobic threshold
and respiratory compensation point. During each session, heart rate was continuously
monitored using Polar® to maintain the appropriate exercise intensity. The resistance
exercise protocol comprised three sets of 8-12 repetition maximum for major muscle groups.
At the end of the 6 months, the intervention group showed improved capillarization and
satellite cell content, greater muscle strength, and better scores in functionality tests (TUG
and TST) [26].
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3.3. Cardiac Function

Gill et al. investigated exercise’s effects on cardiac function in post-bariatric surgery
patients. After 6 months, the exercise intervention group’s HRR60s as well as HRR120s
were significantly higher than control group. They exhibited a lower occurrence of blunted
heart rate recovery (HRR) than the group that did not participate in the exercise. The
findings of this study suggest that exercise training, when combined with bariatric surgery,
has an additional positive impact on cardiac recovery percentage (CR%) and heart rate
recovery (HRR). These improvements indicate an enhanced regulation of cardiac autonomic
function in women following bariatric surgery [27].

3.4. Lower Extremity Function

A different approach was performed by Tokgoz et al. Their randomized trial re-
searched the effects of a pre-surgical aerobic dance-based exercise program (PSADBE). The
researchers also provided physical activity counseling for the control and the intervention
groups. The exercise intensity calculation was performed with MHR and progressively
increased after four weeks. Participants followed the PSADBE program for eight weeks
with two sessions per week. During the assessment sessions, a six-minute walk test, a Stair
Climbing Up-Down Test, an Isokinetic Test, PA level measurements, fatigue measurements,
and QoL measurements were conducted. Statistically significant improvements were ob-
served in functional capacity, muscle strength and endurance, physical activity (PA), and
fatigue scores after treatment and in the fifth month post-surgery in Group I (p < 0.05) [28].

3.5. Weight Control after Bariatric Surgery

The efficacy of bariatric surgery in promoting weight loss has been extensively demon-
strated. However, its impact weakens over time, and weight regain is one of the most seen
complications among individuals who undergo bariatric procedures [37]. To the best of
our knowledge, exercise is one of the most effective ways to provide and maintain weight
control with various mechanisms [38]. In the study by Marc-Hernandez et al., persons who
had undergone bariatric surgery three years prior were enrolled and followed a 5-month
combined exercise training program. The program included both HIIT and resistance
exercises for big muscle groups of the body. HIIT appears to be crucial due to its ability to
induce a greater glucose uptake than low- or moderate-intensity training. This is due to its
various effects on parameters related to cardiovascular risk being highly significant [39].
Additionally, a recent study showed that HIIT in both interval and continuous modalities
produced higher levels of irisin secretion, which is a myokine that participates in energy
expenditure, transforming white adipose tissue (WAT) to brown adipose tissue (BAT) [40].
After five months of exercise training, there were significant decreases in fat mass and fat
mass percentage and a tendency towards overall weight reduction. Additionally, there was
an increase in the percentage of excess weight loss (%EWL) and fat-free mass (FFM) in the
exercise group (EG) upon the completion of the exercise program.

3.6. Hypothalamic Connectivity and Brain Functional Networks

A compelling study of patients who underwent bariatric procedures showed that the
functional connectivity (FC) between brain regions associated with emotional control and
social cognition experienced a temporary decline after treatment initiation. However, after
one year of follow-up, the participants showed subsequent improvement and returned to
baseline levels [41]. Merege-Filho et al. researched the effects of exercise on hypothalamic
connectivity and functional brain networks in women who had undergone bariatric proce-
dures. The RYGB + ET group received a six-month, three-times-a-week exercise program
involving resistance exercises and aerobic training (30-60 min). The findings indicated that
the exercised patients exhibited enhanced connectivity between the hypothalamus and var-
ious regions associated with sensory and visual integration compared to the non-exercised
patients. Furthermore, exercise following surgery impacted the medial hypothalamic nu-
cleus, which plays a role in suppressing appetite and increasing energy expenditure. These
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results suggest that exercise could serve as a valuable tool to enhance the central regulation
of food intake in women who have undergone bariatric surgery. Another critical point
is the basal ganglia, consisting of a group of nuclei within the reward circuitry, which is
believed to regulate the equilibrium between reward and inhibitory control. This study also
showed that only bariatric surgery is ineffective in reversing the decreased connectivity in
this network, whilst exercise and surgery increased BG connectivity.

3.7. Cortisol and Testosterone Response

Cortisol plays a significant role in various metabolic pathways, particularly impacting
blood glucose levels by mobilizing amino acids and converting them into glucose and
glycogen through gluconeogenesis. Exercise at high intensities is a physiological stressor,
and cortisol levels increase alongside heart rate and blood lactate levels in lean, healthy
individuals. Obesity affects the normal function of metabolic and hormonal systems.
As a result, in patients with obesity, the cortisol response to exercise may be greater
than that in healthy persons, which can induce skeletal muscle protein catabolism [42].
Asselin et al. studied post-bariatric surgery patients six weeks after the procedure and
enrolled the participants in three months of exercise training. The study’s exercise program
involved three weekly sessions of aerobic (30 min) and resistance (30 min) training. The
post-intervention results indicated that three months of resistance and aerobic training
could decrease exercise heart rate and exercise-induced increase cortisol release, while
testosterone levels remained unchanged.

3.8. Aerobic Capacity

Before any bariatric surgery, bariatric patients are less physically active than healthy
lean controls. Less than 5% of bariatric surgery candidates meet the physical activity
guidelines of ACSM (American College of Sports Medicine) [43]. This population has a
lower aerobic capacity than healthy lean controls. Weight loss achieved through caloric
restriction, whether through hypocaloric diets or bariatric surgery, decreases muscle mass
and muscle strength (MS) without improving aerobic capacity if not accompanied by
physical training. Our review shows that combined exercise training increases aerobic
capacity and a person’s tolerability of exercise in hormonal and cardiac response aspects.

3.9. Inflammation

Obesity is characterized by the excessive accumulation of body fat in white adipose
tissue (WAT), which acts as an active endocrine organ that produces and releases various
cytokines, including the pro-inflammatory mediator Interleukin 6 (IL-6). These cytokines
cause the release of molecules that induce endothelial dysfunction (CRP, vWF, ICAM-1,
and t-PA:Ag). The study conducted by Stolberg et al. investigated the effects of a 26-week
AT and RT combined exercise program on biomarkers of inflammation and endothelial
dysfunction in post-bariatric surgery patients. As a result, no significant correlations were
discovered between the changes in weight or BMI and the alterations in markers associated
with inflammation and endothelial function, except for a negative correlation between the
change in vWF and the changes in weight and BML The study also revealed no effects of
supervised physical training on markers of inflammation or endothelial function (p > 0.05
for all parameters).

4. Discussion

This systematic review purposed to document the effects of exercise in people who
underwent or were scheduled for bariatric surgery procedures. Obesity is a health problem
affecting a person’s metabolic status, cardiac functions, aerobic capacity, and risk of other
comorbidities. While obesity in the worldwide population is on the rise, strategies for
treatment options are increasing. The most recent and one of the most used strategies is
bariatric procedures. Bariatric procedures regulate metabolic function and help with weight
loss [42]. After the surgeries, some patients may not reach the optimal weight loss or, in
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time, experience weight regains [36]. Exercise is a critical factor in determining overall daily
energy expenditure, making it crucial in influencing energy balance. This impact has been
demonstrated in several long-term studies [44,45]. At this time, exercise can help people to
reach optimal weight loss, maintain weight control, decrease the risk of compilations of
surgeries, and present various health benefits. Our review examined 11 articles that align
with our inclusion criteria. One of these articles included a study conducted in the pre-op
stage [27], while other procedures were carried out in the post-op patients.

All the studies showed that an exercise program, including AT and RT, plays a signifi-
cant role in people’s cardiovascular function, functional status, muscle strength, decreased
hypothalamic connectivity, and brain functional networks. These results are in line with
those in the recent literature. Exercise enhances cardiovascular well-being through vari-
ous mechanisms, such as promoting the generation of more mitochondria and increasing
the oxidation of fatty acids. This issue leads to the dilation of blood vessels, ultimately
resulting in improved perfusion of the heart muscle. These effects have been supported by
several high-quality studies [46,47]. The physiological changes that occur in response to
aerobic and resistance exercise are unique: aerobic exercise enhances cardiovascular adap-
tations that elevate maximum oxygen intake without substantially affecting strength, while
resistance exercise enhances neuromuscular adaptations that increase strength without
significantly impacting maximum oxygen intake [48].In both Villareal et al. and Dennis
et al. studies showed that the combined use of aerobic training (AT) and resistance training
(RT) is the most effective for weight loss in older adults with obesity [49,50]. In a fascinating
study in our review, researchers showed that the exercise program increased the connec-
tivity between brain regions associated with emotional control and social cognition [29].
These results are significant, considering that a recent report observed that these functional
connections decreased after bariatric surgery. This aspect of exercise treatment in these
populations can decrease appetite and regulate overeating. In the literature, no research
was conducted on only AT in subjects in the pre-op or post-op stage. So, we can only
interpret AT and RT combined treatment. Future studies should assess the effects of only
AT on bariatric surgery patients because, in combined studies, it needs to be made clear
which strategies caused the concluded effects—recognizing the constraints of a review that
analyzes a diverse range of studies. Another limitation of our review is that most articles
had low attendance rates. This situation may lower the quality of the result. In general, the
primary and secondary outcomes of the reviewed articles were very diverse. This variety
of output has advantages and disadvantages for our review.

Different outcomes, procedures, and aims of studies allow our review to examine
the effects of exercise on bariatric patients in all aspects. As a strength of our review, our
researchers included randomized control trial articles only written in the last five years
due to our preference for utilizing high-quality work. Overall, the number of good-quality
studies on the topic is still being determined. Cardiovascular fitness was only investigated
in five of the reviewed articles. Three of these five articles found that AT and RT combined
exercise therapy effectively increases VO, max [32,34,43]. Although this review provides
evidence supporting the inclusion of exercise in the post-operative care of bariatric surgery
patients, there is still a need to determine the ideal intensity, duration, length, and specific
type of exercise. Four of the eleven reviewed studies examined the effects of exercise
on functional status in these patients, and all of these articles concluded that combined
exercise increases functional status. Other aspects of a person’s general status have not yet
been identified.

When examining the results of the studies included in our review, the practical im-
plications drawn indicate that exercise, regardless of the type of bariatric procedure (5G,
RYGB, or BPD), does not pose complications and is safe when implemented before or
after surgery. Exercise can be used and is effective in increasing weight loss, preventing
weight regain, improving an individual’s cardiovascular functions, and regulating the
exercise response following a bariatric procedure. When exercise is implemented before
the procedure, it improves the individual’s functional status following surgery. Due to the
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variations in exercise methods, durations, and frequencies across the studies, we cannot
provide a specific, effective program.

There are some limitations to our study. In the literature, there are only 11 randomized
controlled studies investigating the effects of AT and RT on bariatric surgery patients, and
most of these studies were conducted with a minimal number of participants. In 3 out of
the 11 included studies, separately, the age, BMI means, and sex ratio of the groups were
not provided. Two of these studies did not specify the type of bariatric surgery performed
on the patients. When we looked at the quality of the studies in terms of bias, none of
the included studies conducted evaluator, therapist, or patient blinding. As mentioned
above, the interventions applied to the participants and the outcome measures varied
significantly across the studies. This issue can be considered another limitation of the
research. The absence of all these factors makes interpreting and applying the results to
practice challenging.

5. Conclusions

In the literature, there were 11 randomized studies investigating the effects of con-
current exercise therapy with both AT and RT on patients with obesity who underwent or
were scheduled for bariatric procedures in line with our inclusion criteria. Most exercise
interventions were carried out in the post-op stage in bariatric surgery patients. Only two
studies were conducted before the scheduled procedure. Overall, AT and RT combined
exercise programs effectively improved clinical parameters, including cardiac function,
lower extremity function, muscle strength and endurance, cardiovascular parameters, and
functionality. Exercise training caused no additional effects on inflammation and endothe-
lial dysfunction biomarkers. In the recent literature, no research identifies the effects of
only AT on bariatric surgery patients. Therefore, this aspect should be considered when
interpreting all the studies’ results. In conclusion, future research needs to investigate
the effects of only AT on bariatric surgery patients. Moreover, there is a need for more
high-quality research involving randomization and blinding with a high number of par-
ticipants for determining the exercise intensity and duration of AT for these patients both
post- and pre-surgery. In addition, there was only one study conducted in the pre-op
stage. It is difficult to clearly state the long-term outcomes following exercise in this group
of patients when it is applied during the preoperative period. Therefore, increasing the
number of exercise studies conducted during the pre-operative period is necessary to better
understand the long-term results.

Author Contributions: E.E.: Conceptualization, Methodology, Writing—Original Draft, Writing—Review
and Editing. EO.: Conceptualization, Methodology, Writing—Original Draft, Writing—Review and
Editing. M.O.: Conceptualization, Methodology, Writing—Original Draft, Writing—Review and Editing.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All of the collected data are presented in the content of this article.

Conflicts of Interest: The authors report no conflict of interest and certify that no funding has been
received for this study and/or the preparation of this manuscript.

References

1.

Kelly, T.; Yang, W.; Chen, C.-S.; Reynolds, K.; He, J. Global burden of obesity in 2005 and projections to 2030. Int. |. Obes. 2008, 32,
1431-1437. [CrossRef]
Stevens, G.A.; Singh, G.M.; Lu, Y,; Danaei, G.; Lin, ].K; Finucane, M.M.; Bahalim, A.N.; McIntire, R K.; Gutierrez, H.R.; Cowan,
M.; et al. National, regional, and global trends in adult overweight and obesity prevalences. Popul. Health Metr. 2012, 10, 22.
[CrossRef] [PubMed]


https://doi.org/10.1038/ijo.2008.102
https://doi.org/10.1186/1478-7954-10-22
https://www.ncbi.nlm.nih.gov/pubmed/23167948

Surgeries 2023, 4 379

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

Eshtiaghi, R.; Keihani, S.; Hosseinpanah, F.; Barzin, M.; Azizi, F. Natural course of metabolically healthy abdominal obese adults
after 10 years of follow-up: The Tehran Lipid and Glucose Study. Int. |. Obes. 2014, 39, 514-519. [CrossRef]

Lagerros, Y.T.; Rossner, S. Obesity management: What brings success? Ther. Adv. Gastroenterol. 2012, 6, 77-88. [CrossRef]
[PubMed]

Wiéndell, PE.; Carlsson, A.C.; Theobald, H. The association between BMI value and long-term mortality. Int. J. Obes. 2009, 33,
577-582. [CrossRef] [PubMed]

Hall, J.E.; Crook, E.D.; Jones, D.W.; Wofford, M.R.; Dubbert, PM. Mechanisms of Obesity-Associated Cardiovascular and Renal
Disease. Am. |. Med. Sci. 2002, 324, 127-137. [CrossRef]

Jiang, S.-Z.; Lu, W.; Zong, X.-F,; Ruan, H.-Y,; Liu, Y. Obesity and hypertension. Exp. Ther. Med. 2016, 12, 2395-2399. [CrossRef]
Vekic, J.; Zeljkovic, A.; Stefanovic, A.; Jelic-Ivanovic, Z.; Spasojevic-Kalimanovska, V. Obesity and dyslipidemia. Metabolism 2019,
92, 71-81. [CrossRef]

Bastien, M.; Poirier, P.; Lemieux, I.; Després, ]J.-P. Overview of Epidemiology and Contribution of Obesity to Cardiovascular
Disease. Prog. Cardiovasc. Dis. 2013, 56, 369-381. [CrossRef]

Johannsen, N.M.; Swift, D.L.; Lavie, C.].; Earnest, C.P; Blair, S.N.; Church, T.S. Categorical Analysis of the Impact of Aerobic and
Resistance Exercise Training, Alone and in Combination, on Cardiorespiratory Fitness Levels in Patients with Type 2 Diabetes.
Diabetes Care 2013, 36, 3305-3312. [CrossRef]

Church, T.S.; Earnest, C.P,; Skinner, J.S.; Blair, S.N. Effects of Different Doses of Physical Activity on Cardiorespiratory Fitness
Among Sedentary, Overweight or Obese Postmenopausal Women with Elevated Blood Pressure. JAMA 2007, 297, 2081-2091.
[CrossRef] [PubMed]

Sigal, R].; Kenny, G.P.; Boulé, N.G.; Wells, G.A.; Prud’'Homme, D.; Fortier, M.; Reid, R.D.; Tulloch, H.; Coyle, D.; Phillips, P; et al.
Effects of Aerobic Training, Resistance Training, or Both on Glycemic Control in Type 2 Diabetes. Ann. Intern. Med. 2007, 147,
357-369. [CrossRef] [PubMed]

Church, T.S,; Blair, S.N.; Cocreham, S.; Johannsen, N.; Johnson, W.; Kramer, K.; Mikus, C.R.; Myers, V.; Nauta, M.; Rodarte, R.Q.;
et al. Effects of Aerobic and Resistance Training on Hemoglobin A;. Levels in Patients with Type 2 Diabetes. JAMA 2010, 304,
2253-2262. [CrossRef] [PubMed]

Sixt, S.; Rastan, A.; Desch, S.; Sonnabend, M.; Schmidt, A.; Schuler, G.; Niebauer, ]J. Exercise training but not rosiglitazone
improves endothelial function in prediabetic patients with coronary disease. Eur. ]. Prev. Cardiol. 2008, 15, 473-478. [CrossRef]
Swift, D.L.; Earnest, C.P; Blair, S.N.; Church, T.S. The effect of different doses of aerobic exercise training on endothelial function in
postmenopausal women with elevated blood pressure: Results from the DREW study. Br. |. Sport. Med. 2012, 46, 753-758. [CrossRef]
Kraus, W.E.; Houmard, J.A.; Duscha, B.D.; Knetzger, K.J.; Wharton, M.B.; McCartney;, J.S.; Bales, C.W.; Henes, S.; Samsa, G.P;
Otvos, ].D,; et al. Effects of the Amount and Intensity of Exercise on Plasma Lipoproteins. N. Engl. ]. Med. 2002, 347, 1483-1492.
[CrossRef] [PubMed]

Kodama, S.; Tanaka, S.; Saito, K.; Shu, M.; Sone, Y.; Onitake, F.; Suzuki, E.; Shimano, H.; Yamamoto, S.; Kondo, K.; et al. Effect
of Aerobic Exercise Training on Serum Levels of High-Density Lipoprotein Cholesterol. Arch. Intern. Med. 2007, 167, 999-1008.
[CrossRef]

Garvey, W.T.; Mechanick, ].I; Brett, EM.; Garber, A.].; Hurley, D.L.; Jastreboff, A.M.; Nadolsky, K.; Pessah-Pollack, R.; Plodkowski,
R.; Reviewers of the AACE/ACE Obesity Clinical Practice Guidelines. American Association of Clinical Endocrinologists and
American College of Endocrinology Comprehensive Clinical Practice Guidelines for Medical Care of Patients with Obesity. Endocr.
Pract. 2016, 22, 1-203. [CrossRef]

Manning, S.; Pucci, A.; Batterham, R.L. Roux-en-Y gastric bypass: Effects on feeding behavior and underlying mechanisms.
J. Clin. Investig. 2015, 125, 939-948. [CrossRef] [PubMed]

Cheng, J.; Gao, ].; Shuai, X.; Wang, G.; Tao, K. The comprehensive summary of surgical versus non-surgical treatment for obesity:
A systematic review and meta-analysis of randomized controlled trials. Oncotarget 2016, 7, 39216-39230. [CrossRef] [PubMed]
Picot, ].; Jones, J.; Colquitt, J.; Gospodarevskaya, E.; Loveman, E.; Baxter, L.; Clegg, A. The clinical effectiveness and cost-
effectiveness of bariatric (weight loss) surgery for obesity: A systematic review and economic evaluation. Health Technol. Assess.
2009, 13, 1-357. [CrossRef] [PubMed]

Colquitt, J.L.; Pickett, K.; Loveman, E.; Frampton, G.K. Surgery for weight loss in adults. Cochrane Database Syst. Rev. 2014, 2014,
CD003641. [CrossRef] [PubMed]

Yale, C.E. Gastric Surgery for morbid obesity. Arch. Surg. 1989, 124, 941. [CrossRef]

Sugerman, H.J.; Kellum, ].M.; Engle, K. M.; Wolfe, L.; Starkey, J.V.; Birkenhauer, R.; Fletcher, P.; Sawyer, M.]. Gastric bypass for
treating severe obesity. Am. J. Clin. Nutr. 1992, 55, 560S-566S. [CrossRef]

Wittgrove, A.C.; Clark, G.W. Laparoscopic Gastric Bypass, Roux en-Y - 500 Patients: Technique and Results, with 3-60 month
follow-up. Obes. Surg. 2000, 10, 233-239. [CrossRef] [PubMed]

Gil, S; Kirwan, J.P; Murai, L.H.; Dantas, W.S.; Merege-Filho, C.A.A.; Ghosh, S.; Shinjo, S.K.; Pereira, RM.; Teodoro, WR;
Felau, S.M.; et al. A randomized clinical trial on the effects of exercise on muscle remodelling following bariatric surgery.
J. Cachex-Sarcopenia Muscle 2021, 12, 1440-1455. [CrossRef] [PubMed]

Gil, S.; Pecanha, T.; Dantas, W.S.; Murai, I.H.; Merege-Filho, C.A.A.; de Sa-Pinto, A.L.; Pereira, R M.R.; de Cleva, R.; Santo, M.A ;
Rezende, D.A.N.; et al. Exercise Enhances the Effect of Bariatric Surgery in Markers of Cardiac Autonomic Function. Obes. Surg.
2020, 31, 1381-1386. [CrossRef]


https://doi.org/10.1038/ijo.2014.176
https://doi.org/10.1177/1756283X12459413
https://www.ncbi.nlm.nih.gov/pubmed/23320052
https://doi.org/10.1038/ijo.2009.36
https://www.ncbi.nlm.nih.gov/pubmed/19238160
https://doi.org/10.1097/00000441-200209000-00003
https://doi.org/10.3892/etm.2016.3667
https://doi.org/10.1016/j.metabol.2018.11.005
https://doi.org/10.1016/j.pcad.2013.10.016
https://doi.org/10.2337/dc12-2194
https://doi.org/10.1001/jama.297.19.2081
https://www.ncbi.nlm.nih.gov/pubmed/17507344
https://doi.org/10.7326/0003-4819-147-6-200709180-00005
https://www.ncbi.nlm.nih.gov/pubmed/17876019
https://doi.org/10.1001/jama.2010.1710
https://www.ncbi.nlm.nih.gov/pubmed/21098771
https://doi.org/10.1097/HJR.0b013e3283002733
https://doi.org/10.1097/HJR.0b013e3283002733
https://doi.org/10.1056/NEJMoa020194
https://www.ncbi.nlm.nih.gov/pubmed/12421890
https://doi.org/10.1001/archinte.167.10.999
https://doi.org/10.4158/EP161365.GL
https://doi.org/10.1172/JCI76305
https://www.ncbi.nlm.nih.gov/pubmed/25729850
https://doi.org/10.18632/oncotarget.9581
https://www.ncbi.nlm.nih.gov/pubmed/27233078
https://doi.org/10.3310/hta13410
https://www.ncbi.nlm.nih.gov/pubmed/19726018
https://doi.org/10.1002/14651858.CD003641.pub4
https://www.ncbi.nlm.nih.gov/pubmed/25105982
https://doi.org/10.1001/archsurg.1989.01410080077012
https://doi.org/10.1093/ajcn/55.2.560s
https://doi.org/10.1381/096089200321643511
https://www.ncbi.nlm.nih.gov/pubmed/10929154
https://doi.org/10.1002/jcsm.12815
https://www.ncbi.nlm.nih.gov/pubmed/34666419
https://doi.org/10.1007/s11695-020-05053-7

Surgeries 2023, 4 380

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Tokgoz, G.; Arman, N.; Seyit, H.; Karabulut, M. Effects of pre-surgical aerobic dance-based exercise on lower extremity in people
with morbid obesity awaiting bariatric surgery: Randomized controlled study. Clin. Obes. 2022, 12, €12529. [CrossRef]
Marc-Hernandez, A.; Ruiz-Tovar, J.; Aracil, A.; Guillén, S.; Moya-Ramoén, M. Effects of a High-Intensity Exercise Program on
Weight Regain and Cardio-metabolic Profile after 3 Years of Bariatric Surgery: A Randomized Trial. Sci. Rep. 2020, 10, 3123.
[CrossRef]

Merege-Filho, C.A.A; Gil, S.S.; Kirwan, J.P.; Murai, .H.; Dantas, W.S.; Nucci, M.P,; Pastorello, B.; de Lima, A.P,; Bazan, PR,;
Pereira, RM.R.; et al. Exercise modifies hypothalamic connectivity and brain functional networks in women after bariatric
surgery: A randomized clinical trial. Int. ]. Obes. 2022, 47, 165-174. [CrossRef]

Asselin, M.; Vibarel-Rebot, N.; Amiot, V.; Collomp, K. Effects of a 3-Month Physical Training on Cortisol and Testosterone
Responses in Women After Bariatric Surgery. Obes. Surg. 2022, 32, 3351-3358. [CrossRef]

Mundbjerg, L.H.; Stolberg, C.R.; Bladbjerg, E.M.; Funch-Jensen, P,; Juhl, C.B.; Gram, B. Effects of 6 months supervised physical
training on muscle strength and aerobic capacity in patients undergoing Roux-en-Y gastric bypass surgery: A randomized
controlled trial. Clin. Obes. 2018, 8, 227-235. [CrossRef] [PubMed]

Auclair, A.; Harvey, J.; Leclerc, J.; Piché, M.-E.; O’Connor, K.; Nadreau, E.; Pettigrew, M.; Haykowsky, M.].; Marceau, S.; Biertho,
L.; et al. Determinants of Cardiorespiratory Fitness After Bariatric Surgery: Insights from a Randomised Controlled Trial of a
Supervised Training Program. Can. J. Cardiol. 2020, 37, 251-259. [CrossRef] [PubMed]

Stolberg, C.R.; Mundbjerg, L.H.; Funch-Jensen, P.; Gram, B.; Bladbjerg, E.M.; Juhl, C.B. Effects of gastric bypass surgery followed
by supervised physical training on inflammation and endothelial function: A randomized controlled trial. Atherosclerosis 2018,
273,37-44. [CrossRef] [PubMed]

Junior, G.N.d.O.; Goessler, K.F.; Santos, ].V.P; de Lima, A.P,; Genario, R.; Merege-Filho, C.A.A.; Rezende, D.A.N.; Damiot, A.; de
Cleva, R,; Santo, M.A; et al. Home-Based Exercise Training During COVID-19 Pandemic in Post-Bariatric Patients: A Randomized
Controlled Trial. Obes. Surg. 2021, 31, 5071-5078. [CrossRef] [PubMed]

Stolberg, C.R.; Mundbjerg, L.H.; Bladbjerg, E.-M.; Funch-Jensen, P.; Gram, B.; Juhl, C.B. Physical training following gastric bypass:
Effects on physical activity and quality of life—A randomized controlled trial. Qual. Life Res. 2018, 27, 3113-3122. [CrossRef]
Velapati, S.R.; Shah, M.; Kuchkuntla, A.R.; Abu-Dayyeh, B.; Grothe, K.; Hurt, R.T.; Mundi, M.S. Weight Regain After Bariatric
Surgery: Prevalence, Etiology, and Treatment. Curr. Nutr. Rep. 2018, 7, 329-334. [CrossRef]

Blair, S.N. Evidence for Success of Exercise in Weight Loss and Control. Ann. Intern. Med. 1993, 119, 702-706. [CrossRef]
Cassidy, S.; Thoma, C.; Houghton, D.; Trenell, M.I. High-intensity interval training: A review of its impact on glucose control and
cardiometabolic health. Diabetologia 2016, 60, 7-23. [CrossRef]

Vecchiato, M.; Zanardo, E.; Battista, F; Quinto, G.; Bergia, C.; Palermi, S.; Duregon, F; Ermolao, A.; Neunhaeuserer, D. The Effect of
Exercise Training on Irisin Secretion in Patients with Type 2 Diabetes: A Systematic Review. J. Clin. Med. 2022, 12, 62. [CrossRef]
Olivo, G.; Zhou, W.; Sundbom, M.; Zhukovsky, C.; Hogenkamp, P.; Nikontovic, L.; Stark, J.; Wiemerslage, L.; Larsson, E.-
M.; Benedict, C.; et al. Resting-state brain connectivity changes in obese women after Roux-en-Y gastric bypass surgery: A
longitudinal study. Sci. Rep. 2017, 7, 6616. [CrossRef]

Hansen, D.; Meeusen, R.; Mullens, A.; Dendale, P. Effect of Acute Endurance and Resistance Exercise on Endocrine Hormones
Directly Related to Lipolysis and Skeletal Muscle Protein Synthesis in Adult Individuals with Obesity. Sport. Med. 2012, 42,
415-431. [CrossRef]

Bond, D.S.; Jakicic, ] M.; Vithiananthan, S.; Thomas, J.G.; Leahey, TM.; Sax, H.C.; Pohl, D.; Roye, G.; Ryder, B.A.; Wing, R.R.
Objective quantification of physical activity in bariatric surgery candidates and normal-weight controls. Surg. Obes. Relat. Dis.
2010, 6, 72-78. [CrossRef] [PubMed]

Leskinen, T.; Kujala, U.M. Health-Related Findings Among Twin Pairs Discordant for Leisure-Time Physical Activity for 32 Years:
The TWINACTIVE Study Synopsis. Twin Res. Hum. Genet. 2015, 18, 266-272. [CrossRef] [PubMed]

Hankinson, A.L.; Daviglus, M.L.; Bouchard, C.; Carnethon, M.; Lewis, C.E.; Schreiner, PJ.; Liu, K; Sidney, S. Maintaining a High
Physical Activity Level Over 20 Years and Weight Gain. JAMA 2010, 304, 2603-2610. [CrossRef]

Ji, Y,; Lee, H.; Kaura, S.; Yip, J.; Sun, H.; Guan, L.; Han, W.; Ding, Y. Effect of Bariatric Surgery on Metabolic Diseases and
Underlying Mechanisms. Biomolecules 2021, 11, 1582. [CrossRef] [PubMed]

Vega, R.B.; Konhilas, ].P; Kelly, D.P.; Leinwand, L.A. Molecular Mechanisms Underlying Cardiac Adaptation to Exercise. Cell
Metab. 2017, 25, 1012-1026. [CrossRef] [PubMed]

Riehle, C.; Wende, A.R; Zhu, Y,; Oliveira, K.J.; Pereira, R.O.; Jaishy, B.P.; Bevins, J.; Valdez, S.; Noh, J.; Kim, B.].; et al. Insulin
Receptor Substrates Are Essential for the Bioenergetic and Hypertrophic Response of the Heart to Exercise Training. Mol. Cell.
Biol. 2014, 34, 3450-3460. [CrossRef]

Lambert, C.P; Evans, W.J. Adaptations to Aerobic and Resistance Exercise in the Elderly. Rev. Endocr. Metab. Disord. 2005, 6,
137-143. [CrossRef]

Villareal, D.T.; Aguirre, L.; Gurney, A.B.; Waters, D.L.; Sinacore, D.R.; Colombo, E.; Armamento-Villareal, R.; Qualls, C. Aerobic or
Resistance Exercise, or Both, in Dieting Obese Older Adults. N. Engl. ]. Med. 2017, 376, 1943-1955. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/cob.12529
https://doi.org/10.1038/s41598-020-60044-z
https://doi.org/10.1038/s41366-022-01251-8
https://doi.org/10.1007/s11695-022-06225-3
https://doi.org/10.1111/cob.12256
https://www.ncbi.nlm.nih.gov/pubmed/29896844
https://doi.org/10.1016/j.cjca.2020.03.032
https://www.ncbi.nlm.nih.gov/pubmed/32738206
https://doi.org/10.1016/j.atherosclerosis.2018.04.002
https://www.ncbi.nlm.nih.gov/pubmed/29677629
https://doi.org/10.1007/s11695-021-05621-5
https://www.ncbi.nlm.nih.gov/pubmed/34365592
https://doi.org/10.1007/s11136-018-1938-9
https://doi.org/10.1007/s13668-018-0243-0
https://doi.org/10.7326/0003-4819-119-7_Part_2-199310011-00015
https://doi.org/10.1007/s00125-016-4106-1
https://doi.org/10.3390/jcm12010062
https://doi.org/10.1038/s41598-017-06663-5
https://doi.org/10.2165/11599590-000000000-00000
https://doi.org/10.1016/j.soard.2009.08.012
https://www.ncbi.nlm.nih.gov/pubmed/19837009
https://doi.org/10.1017/thg.2015.23
https://www.ncbi.nlm.nih.gov/pubmed/25906784
https://doi.org/10.1001/jama.2010.1843
https://doi.org/10.3390/biom11111582
https://www.ncbi.nlm.nih.gov/pubmed/34827579
https://doi.org/10.1016/j.cmet.2017.04.025
https://www.ncbi.nlm.nih.gov/pubmed/28467921
https://doi.org/10.1128/MCB.00426-14
https://doi.org/10.1007/s11154-005-6726-5
https://doi.org/10.1056/NEJMoa1616338

	Introduction 
	Methods 
	Search Strategy 
	Eligibility Criteria 
	Study Selection and Data Extraction 
	Quality and Risk of Bias Assessment 
	Evidence Synthesis 

	Results 
	Quality Analysis and Risk of Bias Results 
	Muscle Re-Modeling after Bariatric Surgery 
	Cardiac Function 
	Lower Extremity Function 
	Weight Control after Bariatric Surgery 
	Hypothalamic Connectivity and Brain Functional Networks 
	Cortisol and Testosterone Response 
	Aerobic Capacity 
	Inflammation 

	Discussion 
	Conclusions 
	References

