Obesity Surgery
https://doi.org/10.1007/511695-025-07685-z

(FTFSO

RESEARCH q

Check for
updates

Adherence to an Early Exercise Plan Promotes Visceral Fat Loss
in the First Month Following Bariatric Surgery

Johanna Pino-Zuiiga' - Paloma Lillo-Urzua? - Mariela Olivares-Galvez' - Ana Palacio-Aguero’3 -

Juan Camilo Duque’ - Rafael Luengas' - Jorge Cancino-Lopez*>

Received: 9 September 2024 / Revised: 6 January 2025 / Accepted: 11 January 2025
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2025

Abstract

Background The evidence supporting the benefits of early exercise in post-bariatric patients is growing. This study analyzed
the effects of early exercise (1-week post-bariatric surgery) on body composition in patients with overweight and obesity
1 month after surgery.

Methods Thirty patients (age 36.5+ 12.3 [range, 18—65] years; body mass index [BMI], 36.2 + 12.3 kg/m?, range, 29-48)
who underwent laparoscopic sleeve gastrectomy for bariatric surgery were instructed to participate in an exercise training
program initiated on day 3 post-surgery and to follow a recommended protein intake of 60 g/day. After 1-month post-surgery,
patients were stratified into those who adhered to exercise recommendations and those who did not. Pre- and post-differences
in total weight loss (TWL), skeletal muscle mass (SMM), fat mass (FM), and visceral fat mass (VFM) were compared.
Results TWL, SMM, and FM loss were similar between non-adherent and adherent subjects (10.2 +3.5 kg and 11.9 +3.6 kg;
p=0.2;29+10kgand3.2+1.2; p=0.2;6.2+2.1 kg and 7.5 +3.6 kg; p=0.2, respectively), whereas VFM was markedly
reduced in the adherent group (29.9 +18.2 cm? vs 14.6 +9.4 cm?; p=0.01) compared to the non-adherent group. When the
group was divided according to adherence to exercise and protein intake or non-adherence to both conditions, there was a
significant difference in TWL, FM, and VFM losses (p < 0.05). In contrast, no differences in SMM were found.
Conclusions Early exercise training accelerated visceral fat mass loss during the initial recovery period in patients after
bariatric surgery. Additionally, adherence to daily protein intake recommendations can increase total body weight and fat

mass loss.
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Introduction

Bariatric surgery is an effective therapeutic strategy to
induce body mass loss and to improve metabolic profile in
obese patients [1]. Approximately ten percent of the initial
body mass is lost during the first month after surgery as a
result of the severe caloric restriction induced by procedure
[2]. Unfortunately, there is also a rapid fat-free mass (FFM)
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loss during this period, which may go up to a third of the
excess weight loss (EWL) [3, 4].

Obesity also is associated with an excess of visceral,
subcutaneous, and ectopic fat and the evidence shows that
abdominal fat depots are strongly correlated with cardiomet-
abolic effects. Increased ectopic fat in and around the kidney
is associated with hypertension, albuminuria, and progres-
sion of chronic kidney disease (CKD) [5]. The relationship
between visceral fat and ectopic fat has been recently stud-
ied, showing a positive association between the accumula-
tion of visceral fat deposits and periorgan and intraorgan fat
(including skeletal muscle, liver, and renal sinus) [6].

The reduction of retroperitoneal adipose tissue volume
and the improvement of intraperitoneal adipose tissue qual-
ity were associated with an improved metabolic health status
in individuals with morbid obesity after bariatric surgery [7].
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When comparing all available strategies for reducing
visceral and subcutaneous fat, such as diet combined with
exercise, pharmacologic treatments, and bariatric surgery, it
has been reported that while the absolute reduction is greater
for subcutaneous fat, the percentage reduction is higher
for visceral fat, with no significant differences among the
strategies studied [8]. On the other hand, regular physical
activity has been shown to effectively reduce visceral fat,
independent of changes in body weight, in individuals who
are overweight or have obesity. Exercise has a superior effect
on visceral fat reduction compared to dietary and caloric
restriction interventions alone [9]. Also, a dose—response
effect of exercise and visceral fat reduction has been reported
recently in individuals with excess body weight and obesity
[10]. Meanwhile, the evidence related to exercise programs
after bariatric surgery and their effect on reducing visceral
fat is scarce.

Bariatric surgery candidates are strongly encouraged to
start with physical activity before the surgery and to con-
tinue afterwards [11]. The recommended physical activity
for post-bariatric patients is similar to the recommendations
for the general population, as there are no specified physi-
cal activity guidelines for bariatric patients taking specific
characteristics of those patients into account such as rapid
muscle mass loss during weight loss, history of inactivity,
or reduced muscle mass percentage [12]. According to the
current American Bariatric Surgery Guidelines, physical
activity interventions are recommended to start one month
after bariatric surgery [11]. However, recent literature sup-
ports the benefits of beginning exercise earlier, within the
first month post-surgery [13].

Physical activity benefits in post-bariatric patients are
related to preventing weight regain while preserving lean
body mass [14]. It is widely accepted that exercise increases
the synthesis rate of myofibrillar proteins, therefore contrib-
utes to the maintenance of muscle mass throughout lifespan
[15, 16]. To favor WL and prevent weight regain, current
guidelines recommend that post-bariatric surgery patients
increase physical activity levels and engage in regular exer-
cise [17]. Furthermore, it improves mental health by enhanc-
ing body awareness, cognitive function, and well-being [18].

Despite exercise being an indispensable part of the treat-
ment of obesity, there is very low adherence to exercise pro-
grams and multiple barriers to carrying it out in this type
of patient. Most studies show close to 50% adherence to an
exercise program in people with obesity [19].

A scarcity of knowledge exists in patients during the
first month after bariatric surgery and who begin a physi-
cal activity program early. Likewise, whether compliance
to recommended exercise could prevent muscle mass loss or
improve body composition, particularly through the reduc-
tion in visceral fat, in these patients is unknown. The aim
of the present study was to evaluate the effects of patients’
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adherence to physical exercise recommendations during
the first month after undergoing bariatric surgery and their
impact on weight loss and body composition.

Materials and Methods
Participants

Thirty individuals [13 M: 17 F] with excess body mass, i.e.,
overweight and obesity (age, 36.5 +12.3 [range 18-65] years);
body mass index [BMI] 36.2 +12.3 kg m~2, range 29-48),
underwent bariatric surgery sleeve laparoscopic gastrectomy.
The patients were previously evaluated by the physical thera-
pist to provide indications for physical activity during the first
postoperative month, with the aim that the patient will begin
with adapted strength exercises at the time of discharge from
the hospital. These indications were reinforced within the hos-
pitalization period through a visit from the physical therapist,
the delivery of audiovisual material that consisted of a video
on how to execute the exercises and precautions for carrying
them out. In addition, the patient was given the green (4.6-6.7
pounds at 100-200% elongation) elastic bands (TheraBand®)
to facilitate the early start of exercise at home.

After surgery, patients initiated exercise at day 3 post-inter-
vention. Oral food intake resumed 24 h after surgery in a pro-
gressive manner based on nutrient consistency and volume in
three phases: phase 1, from day 1 to day 3: clear liquid diet,
phase 2: from day 3 to day 7: full liquid-dairy-based diet, and
phase 3: from day seven onwards: puréed diet, mainly based in
white meats and dairy products. Daily protein intake was rec-
ommended to be of 60 gr day~! as white meats and dairy prod-
ucts as recommended by Mechanick J. I. et al. [11]. The indi-
cation for liquid intake per day was 1.5 L accumulated during
the day (such as broths, dairy products, water, tea, infusions).

Exercise Training

All patients were instructed to resume their daily routine
of both aerobic and resistance exercises as taught before
surgery. Aerobic exercises consisted of a light walk with the
goal of reaching 30 min per day, which could be divided into
three 10-min periods. To evaluate the intensity of perceived
effort during walking, the modified Borg’s scale [20] was
used, asking the patient to have a perceived effort of 3—4.

Resistance training was based on a circuit of 3 sets of 15
repetitions targeting 5 main muscle groups: calf raise, sit-ups
from a chair, biceps curls, front row, and chess press. The
first two exercises were executed with the body weight; the
last three exercises were performed with an green elastic
band (TheraBand®). Patients were instructed regarding the
execution of strength exercises and coordination with breath-
ing to avoid valsalva maneuver.
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Body Composition

The patient’s whole body and regional fat and lean body
masses were measured before and after surgery by bioelec-
trical impedance analysis (BIA) with direct segmental multi-
frequency in an octopolar InBody 770 body composition
analyzer (InBody, Korea). BIA has shown a valid method
with a good confidence level to determine body composition
and visceral fat mass patients with obesity [21-24]. Prior to
evaluation, patients had all metal items removed and were
asked to empty their bladder. The patients stood barefoot
onto the equipment’s platform, matching the feet with the
surface electrodes while holding up to the equipment’s han-
dles with their thumb and fingers contacting the electrodes.
This position was held for 1 min with elbows extended and
shoulders abducted at a 20-30° angle according to the speci-
fications from the manufacturer. Records of body weight,
fat mass, skeletal muscle mass, and skeletal muscle mass
relative to excess of body weight and visceral fat mass were
performed.

Patient Stratification

At the 1-month follow-up, subjects were divided into two
groups according to their adherence to exercise recommen-
dations (AD) and non-adherence to exercise recommenda-
tions (NAD). Additionally, a second stratification of patients
was performed based on whether they adhered to both exer-
cise and daily protein intake recommendations (ADEP) or
neither exercise nor daily protein intake recommendations
(NADEP). The study was conducted in accordance with
the Declaration of Helsinki for human research and was
approved by the ethics committee of Chilean Society of
Bariatric and Metabolic Surgery (N°0010/2024).

Statistical Analysis

Data were tested for normality using the Shapiro—Wilk test.
For within-group pre- and post-surgery differences, a paired
t-test (parametric) or Wilcoxon test (non-parametric) was
used. For delta differences between compliant and non-com-
pliant groups in total body weight, fat mass, skeletal muscle
mass, and visceral fat mass loss 1 month post-surgery, an
unpaired Student’s ¢-test or Mann—Whitney U test was used
for parametric or non-parametric data, respectively. Effect
sizes (ES) for pre- and post-deltas were calculated using
Cohen’s d values, with thresholds for small, moderate, and
large effects set at 0.2, 0.5, and 0.8, respectively. Statistical
significance was established at p <0.05. Data were analyzed
using GraphPad Prism 7.0 software for Mac.

Results

At the 1-month follow-up after bariatric surgery, patients
were divided into those who adhered (AD) and those who did
not adhere (NAD) to the exercise recommendation. Twenty
patients (66%) reported adhering to the exercise, while ten
reported not adhering. The baseline and 1-month post-bariat-
ric surgery participants’ characteristics are shown in Table 1.

Body Weight Loss

Body weight (Fig. 1A) was reduced by 10.2+3.5 kg and
11.9+3.6 kg in the NAD and AD group respectively
(p=0.23, ES=0.47). The differences expressed as percent-
age of change was 10.2+2.6% and 11.6 +2.3% in the NAD
and AD group respectively (p=0.15, ES=0.57).

Skeletal Muscle Mass Loss

Skeletal muscle mass loss (Fig. 1B) was 2.9+ 1.0 kg and
3.2+ 1.2 kg in the NAD and AD group respectively (p=0.48,
ES=0.27). The differences expressed as percentage of change
was 9.9+2.5% and 9.4 +3.0% in the NAD and AD group
respectively (p=0.64, ES =0.18). Skeletal muscle mass loss
percentage related to total weight loss was 30.4+12.1% vs
27.6+9.3% in NAD and AD respectively (p=0.49, ES=0.25).

Fat Mass Loss

Fat mass loss (Fig. 1C) was 6.2+2.1 kg and 7.5+3.6 kg in
the NAD and AD group respectively (p =0.29, ES=0.44).
The differences expressed as percentage of change was
12.8+£3.4% and 18.9+£9.6% in the NAD and AD group
respectively (p =0.06, ES=0.84).

Visceral Fat Mass Loss

Visceral fat mass loss (Fig. 1D) was 14.6+9.4 cm? and
29.9 +18.2 cm? in the NAD and AD group respectively
(»p=0.01, ES=1.05). The differences expressed as percent-
age of change was 6.7+4.2% and 16.0 + 10% in the NAD
and AD group respectively (p=0.01, ES=1.21).

Compliance with Exercise Training and Daily Protein
Recommendation

Those patients who adhered to both exercise and protein
recommendations (n=11) lost 12.8 +4.4 kg of body weight
(Fig. 2A) compared to 8.1 2.2 kg in those (n=6) who
adhered to neither exercise nor protein recommendations
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Table 1 Baseline and

R Baseline 1 month Delta p vs baseline p AD vs NAD or p
1-month post-bariatric surgery ADEP vs NADEP
participants’ characteristics

NAD BMI 36.9+5.5 33.1+4.7 3.8 0.05 0.68
AD BMI 343+35 30.3+2.9 4.0 <0.0001
NAD BW 99.7+19.9 89.4+17.7 10.2 <0.0001 0.23
AD BW 102.1+16.5 90.1+13.8 11.9 <0.0001
NAD SMM 29.1+6.5 26.1+5.38 29 <0.0001 0.48
AD SMM 34.7+9.0 31.1+8.4 32 <0.0001
NAD FM 47.8+114 41.6+10.0 6.2 <0.0001 0.29
AD FM 404+7.6 329+75 7.5 <0.0001
NAD VFEM 224.1+30.7 209.5+£33.7 14.6 0.0009 0.01
AD VEM 195.5+42.6 165.6+44.0 299 <0.0001
NADEP BMI 33.8+2.8 30.8+2.9 3.0 <0.0001 0.05
ADEP BMI 354437 31.3+29 4.1 <0.0001
NADEP BW 89.4+9.0% 81.3+9.3 8.1 0.0003 0.02
ADEP BW 108.0+16.9 952+136 128 <0.0001
NADEP SMM 26.6+3.8*% 24433 2.6 0.0007 0.41
ADEP SMM 37.2+8.1 34.0+7.2 32 <0.0001
NADEP FM 419+44 372+4.4 4.7 0.0001 0.04
ADEP FM 422+7.1 33.9+5.8 8.3 <0.0001
NADEP VFM 207.3+17.4 195.0£17.3 12.3 0.005 0.02
ADEP VFM 202.5+35.9 167.7+322 3438 0.0002

BMI, body mass index (kg/mz); BW, body weight (kg); SMM, skeletal muscle mass (kg); FM, fat mass
(kg); VFM, visceral fat mass (cmz); NAD, non-adhered; AD, adhered; NADEP, non-adhered to exercise and
protein intake; ADEP, adhered to exercise and protein intake. NAD (n=10); AD (n=20); ADEP (n=11);
NADEP (n=6). *Significant differences at baseline between groups

(»p=0.02, ES =1.35). The differences expressed as percent-
age of change was 11.7+2.7% and 9.2 +2.6% in the ADEP
and NADEP group respectively (p=0.09, ES=0.94).

Regarding fat mass loss (Fig. 2B), patients who adhered
to both exercise and protein recommendations lost
8.3 +3.9 kg compared to 4.7 + 1.2 kg in those who adhered
to neither exercise nor protein recommendations (p =0.04,
ES =1.24). The differences expressed as percentage of
change was 19.4+7.8% and 11.3+2.8% in the ADEP and
NADEP group respectively (p=0.02, ES =1.38).

Skeletal muscle mass loss (Fig. 2C) was 3.2 + 1.4 kg and
2.6+0.8 kg in patients who adhered to both exercise and
protein recommendations and those who adhered to nei-
ther exercise nor protein recommendations, respectively
(p=0.41, ES=0.43). The differences expressed as percent-
age of change was 8.5+3.1% and 9.7 +2.6% in the ADEP
and NADEP group respectively (p=0.45, ES=0.42).

Visceral fat mass loss (Fig. 2D) was 34.8 +20.5 cm? and
12.3 + 6.4 cm? in patients who adhered to both exercise and
protein recommendations and those who adhered to nei-
ther exercise nor protein recommendations, respectively
(p=0.02, ES =1.48). The differences expressed as percent-
age of change was 16.9+8.7% and 5.9 +3.0% in the ADEP
and NADEP group respectively (p=0.009, ES =1.70).

@ Springer

Discussion

Bariatric surgery has been shown to be an effective thera-
peutic tool for body weight control [25]. Our study confirms
that during the first month after bariatric surgery, there is
almost a ten percent reduction in body weight. This is simi-
lar to what is found in other studies with this kind of patient
[26]. However, body composition has been gaining growing
importance since the beneficial aspects related to muscle
mass and the health risks and quality of life associated with
muscle loss are now better understood [27, 28].

Moreover, the importance of visceral fat in cardiometa-
bolic risk is recognized, as well as the beneficial aspects
of bariatric surgery in reducing the risk of cardiovascular
events associated with this type of fat accumulation [29, 30].

In regard to exercise therapy after bariatric surgery, most
studies have reported that it does not begin before the first
month. [31]. However, recent evidence suggests that early
exercise therapy is well tolerated and safe in these patients
[13]. In this study, we show results about body composition
changes with special regard to visceral fat associated with
adherence or non-adherence to early exercise recommenda-
tions. Sixty-six percent of patients adhered to the exercise rec-
ommendations during the first month after bariatric surgery.
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This was higher than the 33% adherence reported by Carpenter
& Gilleland (2016) for individuals with excess body weight
who were encouraged to continue a non-supervised exercise
program [32]. The overall weight loss did not differ between
groups; however, analysis of the percentage of fat mass loss
revealed a 6.1% greater reduction, although non-significant, in
the group adherent to the exercise recommendations (p=0.06).

On the other hand, the percentage of visceral fat loss was
9.3% higher in the AD group compared to the NAD group
(p=0.01). Notably, this is the first study to report that adher-
ence to exercise recommendations in early exercise therapy
following bariatric surgery leads to a greater reduction in
visceral fat mass.

Exercise intensity could be a major factor in achieving the
beneficial health outcomes related to visceral fat reductions,
as recent studies have shown that high-intensity aerobic
exercise is associated with visceral fat mass reduction [33,
34]. In the same way, it has been reported that high-intensity

resistance training develops faster visceral fat loss than mod-
erate intensity endurance and resistance training [35].

Hunter et al. showed that maintaining aerobic or resist-
ance exercise training in 40-min sessions, twice a week for a
year, prevents visceral fat regain [36]. Previous studies also
have shown the effects of bariatric surgery and exercise pro-
grams on body weight and visceral fat mass reductions [37].

Losing a higher amount of visceral fat is positively asso-
ciated with increased insulin sensitivity, which leads to
better metabolic health [38]. In our study, eleven patients
adhered to exercise recommendations and also reported
adhering to protein intake recommendations. This group lost
significantly more body weight, body fat mass, and visceral
fat mass than patients who did not adhere to the exercise or
protein intake recommendations, with statistically significant
differences in all cases.

The effects of protein intake on visceral fat mass have
been recently studied by Bel Lassen et al. [39]. They studied
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the changes in visceral fat mass after a 12-week moderate
caloric restriction (600 cal less than the daily recommen-
dation) plus a 68 g protein supplement added to the daily
habitual intake. Visceral fat was reduced by 20.8 cm? after
protein supplementation, which was a 6.6 cm? higher loss
compared to the group that did not receive the supplemen-
tation (p <0.05). This study concluded that protein supple-
mentation, when added to a moderate caloric restriction,
induces visceral fat loss.

These study results are in concordance with our findings,
showing that the group adhering to exercise and protein
intake recommendations lost a higher amount of visceral
fat compared to those who did not adhere to these recom-
mendations (ES =1.48).

While this study provides valuable insights into the effects
of adherence to early exercise recommendations on visceral
fat loss after bariatric surgery, some limitations must be
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acknowledged. The small sample size limits the generaliz-
ability of the results, as it may not fully represent the broader
population of post-bariatric patients. Additionally, the obser-
vational nature of the study, with groups assigned based on
compliance rather than randomization, introduces potential
selection bias, which further limits the generalizability of
the findings.

Furthermore, unsupervised exercise training may lead
to incomplete or inaccurate information from study par-
ticipants regarding their adherence to exercise and protein
intake. Although a stricter follow-up could have been imple-
mented, this study intentionally relied on exercise and pro-
tein intake recommendations to evaluate their effects without
additional follow-up strategies. Based on our findings, we
suggest encouraging adherence to these recommendations
for individuals undergoing bariatric surgery, as they may
significantly enhance post-surgical outcomes.
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An early exercise training program for post-bariatric sur-
gery patients must be adapted to individual requirements and
capabilities, as people with obesity may face different psy-
chological and physical challenges during intense physical
activity [40].

Developing new strategies where early exercise pro-
grams, with or without supervision, combining aerobic and
resistance exercises, support patient adherence and lead to
a significant reduction in visceral fat mass will contribute to
optimizing long-term health outcomes, reducing complica-
tions associated with obesity.

Conclusion

In summary, our results highlight the importance of adher-
ing to early exercise recommendations due to their positive
effects on visceral fat mass reduction. Additionally, those
who adhered to both exercise and daily protein intake rec-
ommendations early after bariatric surgery lost significantly
more visceral and total fat mass than those who did not.
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