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GUALANO, B., J.P. KIRWAN, and H. ROSCHEL. Exercise is key to sustaining metabolic gains after bariatric surgery. Exerc. Sport
Sci. Rev., Vol. 49, No. 3, pp. 197–204, 2021. The extent to which the benefits of bariatric surgery may be maintained by lifestyle changes after
surgery is unclear. Our hypothesis is that exercise may sustain some metabolic benefits and counteract some of the adverse effects of surgery. In
this review, we present findings supporting the proposition that exercise is key to improving overall health in patients after bariatric surgery. Key
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Key Points

• Bariatric surgery is the treatment of choice for severe obesity.
• However, certain cardiometabolic benefits of bariatric sur-

gery may be less durable in the absence of exercise.
• Exercise can also counteract the adverse effects of bariatric

surgery on bone and muscle mass.
• As bariatric surgery alone is not a “silver bullet” against obe-

sity and its comorbidities, exercise should be part of postop-
erative care to ensure the best health outcomes.

INTRODUCTION
Bariatric surgery is considered the treatment of choice for severe

obesity (bodymass index (BMI) > 40 or 35 kg·m−2 with associated
comorbidities) as this procedure yields substantial weight loss and
reverses cardiovascular risk factors, thereby reducing comorbid-
ities and all-cause mortality (1–8). There is now convincing data
that patients who have bariatric surgery live longer thanmatched
nonsurgical controls (3,9,10). Eliasson et al. (11), for instance, found
a 58% reduction in the relative risk for overall mortality and a 59%
reduction in the riskof cardiovascular death inpatientswhohad surgery
when compared with controls after a median follow-up of 3.5 yr.

Bariatric surgery can also be effective in treating patients with
type 2 diabetes who fail to respond to lifestyle and medication

changes (2,12). Five-year outcome data from the Surgical
Treatment and Medications Potentially Eradicate Diabetes
Efficiently trial showed that, among patients with type 2
diabetes and a BMI between 27 and 43 kg·m−2, bariatric surgery
along with intensive medical therapy was more effective than
intensive medical therapy alone in decreasing, or in some
cases resolving, hyperglycemia (12). Furthermore, patients
with severe obesity and type 2 diabetes undergoing bariatric
surgery were shown to experience massive reduction in body
weight (~60%); glycated hemoglobin and fasting glucose were
rescued to normal levels in ~80% of the sample after ~20 months
of surgery (13). When the surgical procedure is specifically
prescribed for treating type 2 diabetes — and not obesity per se —
the intervention is called metabolic surgery (1).

Notwithstanding, despite the well-reported cardiometabolic
benefits brought about by bariatric surgery, it cannot be seen
as a “silver bullet” in the management of obesity or diabetes
for two main reasons. First, some immediate effects of bariatric
surgery tend to dissipate over time. There is some weight regain,
especially after the gastric banding procedure (12,14,15), and
this can contribute to increased cardiometabolic risk factors
(e.g., impaired endothelial function, increased inflammation).
This suggests that some of the beneficial effects of bariatric
surgery may be, to a certain extent, transient. Second, bariatric
surgery is associated with some unfavorable health outcomes.
Losses in bone and muscle, for example, are well-known
undesirable events after these surgical procedures (16,17).

Although bariatric surgery alone has an important, but po-
tentially reversible, effect on weight loss and metabolic status,
particularly in the long run, the adoption of a healthy lifestyle
remains highly relevant for postoperative patients.

In this context, emerging evidence suggests that exercise has
the potential to enhance some of the benefits of bariatric surgery,
as well as to alleviate some of its undesirable effects (Fig. 1). This
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narrative review summarizes cutting-edge research supporting
the hypothesis that exercise is key to improving overall health
in patients who have bariatric surgery.

EXERCISE SUSTAINS THE BENEFITS INDUCED BY
BARIATRIC SURGERY
There are several well-documented, clinical benefits induced

by bariatric surgery (3,9). However, how long they persist is still
a matter of debate and may depend on several factors, especially
the potential adherence to healthy behaviors (i.e., diet and
physical activity).
One case in point is endothelial function, commonly assessed

through flow-mediated dilation (FMD). As endothelial dysfunc-
tion precedes atherosclerotic disease progression, it is widely used
as a predictor of cardiovascular events beyond traditional cardio-
vascular risk factors (18). Although short-term assessments
have consistently shown improvements in FMD after bariatric
surgery (19,20), less robust effects have been seen in the long
term (21). For instance, patients who underwent bariatric
surgery experienced a 3.8% increase in FMD 18 months after

surgery; however, a 5-year follow-up assessment showed a
subsequent 1.4% decline in this outcome (21).

Recently, we showed that FMD improvements after Roux-en-Y
gastric bypass were even lesser durable than we predicted: within
9 months, FMD tended to return to presurgery values (22).
The impairment in FMD was accompanied by an increase in
retrograde shear rate, a pattern of vascular flow that is associated
with pro-atherogenic effects. Of relevance, however, a 6-month,
three-times-a-week, supervised, combined aerobic and resistance
training program, which started 3 months after surgery, was
capable of enhancing the improvements in FMD and retrograde
shear rate brought about by bariatric surgery in diabetic and
nondiabetic participants (22).

In the same study, we also assessed systemic inflamma-
tory markers across time. Two proinflammatory cytokines,
interleukin-1β and tumor necrosis factor α (TNF-α), were sub-
stantially reduced 3 months after surgery (22). Nonetheless,
they rose back to near baseline values 9 months after surgery
among nonexercised patients. Patients who exercised, nonetheless,
did not experience such an elevation in these proinflammatory

Figure 1. The rationale for prescribing exercise after bariatric surgery. Pointed arrows indicate the potential additive effects of exercise and bariatric surgery,
whereas blunt arrows indicate the potential for exercise to counteract adverse physiological and metabolic effects that occur after bariatric surgery. In brief, ex-
ercise can potentially sustain, or even enhance, the cardiometabolic effects of bariatric surgery, and these include improvements in insulin sensitivity, inflamma-
tory markers, and endothelial function. In addition, exercise may also prevent the loss of muscle and bone mass and functionality that are commonly observed
after bariatric surgery.
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markers, leading to the conclusion that exercise is important for
preserving the anti-inflammatory effect induced by surgery.

Cardiac autonomic function can also be positively modulated
by exercise after the surgical procedure.We recently showed that
chronotropic response (i.e., the ability to increase heart rate in
response to a high metabolic demand) and postexercise heart
rate recovery — two markers for autonomic function — were
further improved by exercise in patients who had bariatric sur-
gery (23). The number of participants showing blunted heart
recovery, a well-known surrogate of dysautonomia, decreased in
the exercise trained group versus standard of care (nonexercised
control) (Fig. 2). These findings suggest that exercise training
can improve the cardiac autonomic regulation, which may be
reflected in overall improvements in cardiovascular health
and, therefore, reduced cardiovascular events among patients
undergoing bariatric surgery (23).

One of the most recognized effects of bariatric surgery is the
reversal of insulin resistance, and this is one of the reasons the
procedure has been renamed as metabolic surgery, especially
in the context of type 2 diabetes treatment (1). Nevertheless,
in the absence of exercise, the improvements in insulin sensitivity
may be quite transient. This is supported by data from our study
(24), in which several surrogates of insulin resistance— specially
influenced by insulin levels — were impaired from 3 to 9 months
after surgery. Once again, exercise training abrogated such an
effect, sustaining the benefits of surgery throughout the
9-month follow-up period. These findings support previous
data showing that exercise can potentiate insulin sensitivity
in patients who underwent Roux-en-Y gastric bypass (25).
However, in our study (24), the magnitude of the effect of
exercise seemed to be more pronounced, as compared with
those of Coen et al.'s (25) study. Differences in training models
(e.g., supervised, three times a week, aerobic plus resistance
exercises in ours vs semisupervised, three to five times a week,

aerobic exercises in Coen et al.'s study) and in the assessments
of insulin sensitivity (e.g., oral glucose tolerance test in ours vs
hyperinsulinemic-euglycemic clamp in Coen et al.'s study)
could partially explain the discrepancy in the magnitude of the
effects seen in these studies.

The underlying mechanisms that explain the cardiometabolic
benefits induced by exercise training prescribed for postoperative
patients are largely underexplored. So far, the limited number
of mechanistic studies have primarily focused on elucidating
the synergistic role of exercise and bariatric surgery on insulin
resistance.

Coen et al. (26) were the first to provide insights into the
mechanisms by which exercise improves insulin sensitivity after
bariatric surgery. They elegantly showed that exercise-induced
improvements in insulin sensitivity were associated with an
increased mitochondrial oxidative capacity and a reduction in
specific lipid species that are known to impair insulin signaling.

More recently, we conducted a series of experiments that
provide compelling evidence that exercise also acts through
muscle extracellular matrix remodeling to improve insulin resis-
tance in patients who have bariatric surgery (24). An abnormal
muscle extracellular matrix phenotype is known to impair cell-
to-cell and cell-to-extracellular matrix interactions, potentially
diminishing insulin's access to myocytes (27). In our study, bariatric
surgery was only partially able to remodel the extracellular matrix.
Conversely, exercised patients went through a more pronounced
extracellular matrix remodeling, with consistent evidence —
from the muscle ultrastructure to the gene — confirming a
robust change in extracellular remodeling toward a lean,
healthy phenotype (Fig. 3).

These findings collectively support the idea that the im-
provements in metabolic outcomes brought about by surgery
are progressively reduced in the absence of exercise (24).
Thus, exercise strategies should be incorporated into the

Figure 2. Postexercise heart rate recovery in patients who had bariatric surgery plus exercise or bariatric surgery alone (control). After the intervention (POST9),
only 5% of participants had blunted hearth rate recovery (defined as a heart rate after 60 s of recovery to maximal exercise ≤12 bpm) versus 31% in the
nonexercised group. These data suggest that exercise training modulates cardiac autonomic function. PRE indicates before surgery; POST3, 3 months after sur-
gery (beginning of the 6-month exercise training program). Data adapted from Gil et al. (23).
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therapeutic regimen of patients who have bariatric surgery to
help sustain, or even enhance, the metabolic benefits from
the surgical procedure.

EXERCISEMITIGATES SOMEUNDESIRABLE EFFECTS OF
BARIATRIC SURGERY
Notwithstanding the prominent benefits of bariatric surgery

on weight reduction and metabolism, literature seems unequiv-
ocal in reporting important negative physiological and meta-
bolic consequences of this procedure, with severe bone and
muscle mass losses constituting clinically relevant points of con-
cern (17,28–31).
A number of studies have reported increased bone turnover

after surgery, evidenced by alterations in bone turnover
markers, such as urinary N-telopeptide cross-linked collagen
type 1 (NTx) and serum osteocalcin, responsible for bone re-
sorption and formation, respectively. This may manifest early
after surgery (~3 months) (17,28) and persist several years
after the procedure (32). Importantly, perturbations in bone
metabolism have been paralleled with significant bone mass

losses at various body sites that are detectable within a few
months up to years after surgery (16,17,28,32). Recently, we
added to the literature by showing that bariatric surgery–induced
increases in several bone turnover biomarkers, including collagen
type I C-telopeptide (CTX), procollagen type I N-propeptide
(P1NP), sclerostin, dickkopf-1 (DKK1), and osteopontin. These
responses were accompanied by attenuation in bone mineral
density (BMD) loss at the femoral neck (−4.4% vs −7.3% in
controls), total hip (−5.0% vs −7.3% in controls), and distal
radius (−2.7% vs −4.6% in controls). Detrimental effects on
bone microarchitecture markers were also noted (33).

Multiple mechanisms have been put forward to help explain
bone loss after bariatric surgery, including nutrient malabsorp-
tion, muscle wasting, and weight loss–induced mechanical
unloading of the skeleton (34–36). Physical exercise has been
considered as a potential strategy to offset bone loss in
different populations, including patients with obesity under
energy restriction (37). Despite this, the effects of exercise on
bariatric surgery patients remained unexplored until recently.
Campanha-Versiani et al. (38) were the first to demonstrate

Figure 3. Skeletalmuscle extracellularmatrix immunohistochemistry showing representative images of collagen I (A) and III (B) staining in patientswho underwent
bariatric surgery and engaged or not in exercise training. Muscle biopsies were taken at baseline (PRE) and 3 months (POST3), and 9 months (POST9) after the sur-
gery. The 6-month exercise intervention started at POST3. A healthy lean group served as controls. Note that exercise trainingwas able to reduce both collagen I and
III, as compared with surgery alone. In the group who exercised, collagen profiles resembled those of healthy, lean controls. These data are well aligned with other
phenotyping and genotyping characterization that collectively showed substantial extracellular remodeling after exercise, but not by bariatric surgery alone. For
further details, the readers may refer to Dantas et al. (24). Adapted with permission from The American Diabetes Association from Dantas WS, et al (24). Copy-
right © 2020 The American Diabetes Association. All permission requests for this image should be made to the copyright holder.
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the role of exercise training (supervised, aerobic plus resistance
exercises, two times a week for 36 wk) in mitigating the reduction
in total (−5.7% vs −11.3% in controls), lumbar spine (−1.7% vs
−6.9% in controls), and hip (−2.7% vs −7.4%) BMD 1 yr after
Roux-en-Y gastric bypass, evidencing the ability of bone tissue to
remodel in response to exercise stimuli even under the massive
physiological perturbations imposed by surgery.

In our recent clinical trial (33), we shed light on this subject
by providing more robust evidence on the potential role of
exercise training in mitigating bariatric surgery–induced bone
loss as well as by exploring possible mechanisms underpinning
this response. We showed that exercise, as compared with
standard of care, was effective in attenuating bone loss resulting
from bariatric surgery. In addition, exercise was able to reduce
sclerostin levels, which is known to downregulate the bone
formation–related WNT signaling (39). Sclerostin, thus, emerges
as a potential candidate for explaining the protective effect of
exercise on bone mass in these patients.

Similarly to what has been observed in bone, bariatric surgery
also has a negative impact on muscle. Muscle mass, strength,
and functionality losses are commonly reported among obese
patients undergoing bariatric surgery (29–31). These adverse
effects may limit the patients' activities of daily living and
increase morbidity despite the drastic weight loss. In addition,
skeletal muscle mass is the largest glucose disposal site in the
organism, so that muscle waste may be detrimental for the
regulation of glucose metabolism, particularly in patients at
risk for, or with, insulin resistance or type 2 diabetes. Despite
unresolved issues related to the mechanisms underpinning the
often thought interplay between skeletal muscle and bone
tissue, muscle wasting may negatively impact bone and vice
versa (40). This has implications for the management of patients
after bariatric surgery, a procedure that can simultaneously
impair bone and muscle mass.

Resistance exercise is classically recognized as a potent stim-
ulus capable of increasing muscle strength and mass; however,
its effects aligned to bariatric surgery have been underexplored.
The few studies that are available are mostly restricted to the in-
vestigation of the effect of exercise on fat-free mass (e.g., using
dual-energy x-ray absorptiometry or bioelectrical impedance)
(38,41), which provides a limited insight into the actual effect
of this intervention on skeletal muscle adaptations. Moreover,
the potential mechanisms related to the exercise-induced
muscle remodeling among patients who have bariatric surgery
remain largely unknown.

Our recent trial also addressed this topic. We demonstrated
that exercise attenuated the loss in fat-free mass of approxi-
mately 3 kg and reversed the loss in muscle strength (e.g., differ-
ence between groups for leg press maximal strength, 83.2 kg)
9 months after surgery (42). We collected muscle samples
from our patients at baseline, 3 months, and 9 months after
surgery. Immunohistochemistry analysis showed that exercise
was able to reverse surgery-induced muscle atrophy at the
fiber level. Interestingly, this was accompanied by increases in
capillarization and satellite cell content. It has been proposed
that muscle fiber remodeling depends on the pool of satellite
cells, which are localized between basal lamina and sarcolemma.
These multipotent cells can be activated by exercise, and then
proliferate and differentiate to supply additional myonuclei to
the fiber, thereby supporting the hypertrophic process (43,44).

From a mechanistic point of view, we also found that exercise
was able to suppress the ubiquitin-proteasome system via the
downregulation of Atrogin-1 (45), a pathway involved in
muscle protein breakdown (46). These findings provide a
putative molecular mechanism underpinning muscle wasting
after bariatric surgery and help explain how exercise may offset
such an effect.

Clinically, exercise seems to be a useful tool to prevent losses
of muscle mass, strength, and bone mass when prescribed to
postoperative patients.

PERSPECTIVES AND CONCLUSIONS
Nowadays, it is undisputable that bariatric surgery can pro-

tect against severe obesity and its comorbidities, specially
type 2 diabetes (1–3). However, an in-depth analysis of the
literature suggests that the beneficial effects of bariatric
surgery may not be completely sustainable in the long run
in the absence of behavior and lifestyle changes. Simply put,
bariatric surgery alone should not be viewed as a silver bullet
in the treatment of obesity.

A growing but limited number of publications show that exer-
cise can preserve, or even potentiate, the cardiometabolic bene-
fits of bariatric surgery (26). The systemic effects of exercise in
this condition include improvements in insulin sensitivity,
vascular function, systemic inflammation, and functionality.
Of relevance, exercise also plays a role in partially or fully
preventing the negative effects of surgery on bone metabolism
and muscle mass, which may confer long-term protection against
osteopenia/osteoporosis and frailty/sarcopenia, a hypothesis that
still remains to be tested.

The scientific agenda on the topic (summarized in Table)
also should comprise the investigation of the impact of different
types of training among patients who have bariatric surgery,
including not only physiological assessments but also sociocultural
aspects, such as patients' preferences and barriers, autonomy,
and long-term adherence to exercise. This is key knowledge for
health care professionals to better tailor their exercise programs,
particularly considering that people referred to bariatric surgery
may be more refractory to any physical activities. Observational
data suggest that bariatric surgery itself can potentially increase
physical activity levels, but controversial data on this subject
exist (47). To tackle inactivity and sedentariness, therefore,

TABLE. Research gaps in the context of exercise interventions after bariatric surgery

i. Could exercise prevent major poor outcomes (frailty/sarcopenia, osteoporosis, mortality)?
ii. In which aspect or condition could exercise intervention replace bariatric surgery in the

management of severe obesity?
iii. What would be the optimal exercise training model (resistance, aerobic, combined) and

its delivery method (supervised, semisupervised, home-based, etc.) to elicit the greatest
benefits?

iv. What would be the barriers and facilitators to ensure an optimal adherence in the
long run?

v. Could exercise be effective and safe in adolescents and older adults who have bariatric
surgery?

vi. How distinct surgery techniques (sleeve gastrectomy, Roux-en-Y gastric bypass) may
influence exercise-related outcomes?

vii. How patients' presurgery conditions (presence of type 2 diabetes or any other
comorbidities) may influence exercise-related outcomes?

viii. What would be the underlying physiological and molecular mechanisms of exercise?
ix. Could the implementation of exercise interventions reduce the costs related to bariatric

surgery failure, reversal of cardiometabolic improvements, or any adverse outcomes?
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behavioral interventions with particular focus on increasing
spontaneous activity should be considered.
Furthermore, pragmatic, head-to-head studies comparing ex-

ercise interventions with bariatric surgery are lacking. As the
widespread application of bariatric surgery as a public health
strategy to combat the obesity pandemic is difficult to envision,
noninferiority trials involving exercise combined or not with
other lifestyle interventions may provide alternative treatment
options, and are perhaps more feasible on a larger scale.
Another underexplored area is the utility and consequences

of bariatric surgery in youth and older adults. It seems that the
surgical procedure may confer cardiometabolic benefits in both

populations (48,49); however, the sustainability of such effects
and the potential risk of adverse events secondary to surgery,
such as losses in bone and muscle mass, make exercise a
plausible coprescription, pending trials to investigate its safety,
efficacy, and feasibility.

Whether patients' presurgery features (e.g., type 2 diabetes or
any other comorbidities) mediate the exercise outcomes also is
unknown. Likewise, it is unclear whether different types of sur-
gery (sleeve gastrectomy or Roux-en-Y gastric bypass) interact
differently with postsurgery exercise, modulating its responses.
Studies involving large samples are necessary to allow sensitivity
analyses comparing, for instance, patients with type 2 diabetes

Figure 4. Schematic view of the effects of bariatric surgery alone or combinedwith exercise training inmultiple health biomarkers. Outcomes were assessed at
baseline, 3 months (POST3), and 9 months (POST9) after the surgery. The 6-month exercise intervention started at POST3. In summary, bariatric surgery (A) in-
duced transient improvements in TNF-α, FMD, and insulin levels, which were not sustained 9 months after surgery in the absence of exercise. The inclusion of
exercise in the postoperative period (B) sustained, or even enhanced, the improvements in these variables brought about by surgery alone. In addition, as seen in
(A), there were detrimental effects of surgery on bone and muscle mass and strength across time. Exercise after surgery (B) reversed (or attenuated, in case of
BMD) these responses. C. Summary of the outcomes for surgery alone (RYGB) or surgery plus exercise training (RYGB + ET). Upward arrows indicate increases;
downward arrows indicate decreases; diagonal arrow indicates partial attenuation. Data derived from (22,24,33,42,45).
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versus normoglycemic, or the training responses between patients
undergoing sleeve gastrectomy versus Roux-en-Y gastric bypass.

It is difficult to envision other interventions capable of pro-
moting such profound and systemic physiological adaptations
as those ensued by bariatric surgery and exercise. For this reason,
it will be a complicated task to elucidate all the underlying
mechanisms of those interventions separately, and even more
so in combination. The use of emerging “omics” techniques
may represent a useful starting point to identify genes and path-
ways through which exercise and bariatric surgery may act.
Using RNA-sequencing, a transcriptomics approach, we were
able to identify molecular candidates that could partially ex-
plain the superimposed benefits of exercise on bariatric surgery.
Namely, we observed that exercise, but not bariatric surgery,
suppressed transforming growth factor-beta 1/SMAD 2/3 path-
way (directly associated with extracellular matrix expansion)
while increasing its antagonist follistatin (involved in the upreg-
ulation of muscle mass and insulin sensitivity) (24). This helps in
understanding how exercise in conjunction with bariatric surgery
induces greater extracellular matrix remodeling and better
insulin sensitivity than surgery alone. The search for novel
molecular mechanisms is of paramount relevance to unravel all
of the therapeutic potential of exercise strategies along with
bariatric surgery, which may ultimately become therapeutic
targets for treating obesity and its comorbidities in a more
generalizable context.

One striking observation from our serial studies is that the
cardiometabolic protection promoted by exercise seems to be
independent of changes in body weight, fat mass, visceral fat,
maximal oxygen consumption, or lipid profile. This raises the
possibility that exercise may confer health benefits by amelio-
rating nontraditional risk factors, such as endothelial dysfunc-
tion, as previously reported by our laboratories (22). Further
investigation should look at more comprehensive outcomes to
test this hypothesis.

Finally, efforts are needed to develop, implement, and test
exercise interventions in the postbariatric recovery in relation
to their cost-effectiveness, with the working hypothesis that ex-
ercise could reduce the costs related to surgery failure (commonly
defined as achieving or maintaining less than 50% of excess
weight loss over 18 to 24 months or a BMI > 35), reversal of sev-
eral cardiometabolic improvements, or major adverse events.

In conclusion, a solid body of work shows that bariatric sur-
gery can alleviate severe obesity and induce remission of type
2 diabetes in a large group of patients. Nonetheless, failure to
adopt a healthier lifestyle may compromise the success of the
surgical procedure. We and others have recently produced data
that support exercise training to, on the one hand, i) sustain, or
even enhance, the cardiometabolic effects of bariatric surgery,
and, on the another hand, ii) prevent muscle and bone detri-
mental effects that accompany the surgical procedure (Fig. 4).
Thus, we argue that exercise is a simple, cost-effective, and safe
tool that should be incorporated into postoperative care of pa-
tients after bariatric surgery so as to ensure optimal gains in
overall health.
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