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Abstract
Aim To evaluate the association of moderate-to-intense physical activity with the effects of bariatric surgery on weight loss, level
of activities of daily living, dyspnea, and quality of life in sedentary individuals with grade II and III obesity.
Method Seventy-eight candidates for bariatric surgery were evaluated for anthropometry, dyspnea, quality of life, level of activities
of daily living, and physical activity. After surgery, all patients were instructed to perform moderate-to-intense physical activity. All
78 patients were reassessed 6 months after bariatric surgery, and 52 patients were reassessed 3 years after bariatric surgery.
Results Adherence to physical activity during the postoperative period was 36% at 6 months and 38% at 3 years. Compared with
the patients who did not adhere to physical activity, weight loss was higher in the adherent patients at 6 months (29 ± 4% vs. 26 ±
5%; p = 0.01) and 3 years (32 ± 8% vs. 26 ± 6%, p = 0.005). The level of activities of daily living and quality of life also improved
in the patients that adhered to physical activity at both 6 months and 3 years after bariatric surgery. However, no difference in
dyspnea was observed between the adherent and non-adherent patients. Adherence to physical activity was an independent factor
for postoperative weight loss.
Conclusion Moderate-to-intense physical activity after bariatric surgery increases weight loss, quality of life, and level of
activities of daily living, but does not directly influence dyspnea in individuals with morbid obesity.
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Introduction

Obesity affects more than 500 million adults and causes
35.8 million disability-adjusted life years worldwide [1].
Obesity is classified according to body mass index (BMI)

as grade I, II, and III/morbid with concomitant risks of
comorbidities, respectively [2]. In addition, obesity is as-
sociated with musculoskeletal [3–5] and respiratory disor-
ders [6–9], which cause serious decreases in functional
capacity [10] and quality of life [11].

The treatment for obesity consists primarily of an improve-
ment in eating habits and increased physical activity [12, 13].
However, if the conservative treatments for obesity, including
nutritional support, and pharmacologic and endoscopic proce-
dures, are unsuccessful, the next option is surgery [14].
Bariatric surgery is the most effective treatment to control
comorbidities [15, 16] and is indicated in individuals with
grade III/morbid obesity or grade II obesity associated with
a comorbidity [14]. Bariatric surgery aims to reduce weight
[16], control comorbidities, and improve quality of life
[17–19]. However, bariatric surgery per se is not a replace-
ment for improved eating habits and regular participation in
physical activities [20, 21].
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An increase in physical activity after surgery optimizes
weight reduction [22] compared with sedentary behavior. In
addition, moderate-to-high-intensity activities are associated
with successful obesity treatment by bariatric surgery [23],
while sedentary behavior is a strong predictor for insufficient
postoperative weight loss [24]. Physical activity reported in
previous studies was assessed by a general questionnaire [22],
accelerometry 2 to 5 years after surgery [23], or medical re-
cords [24]. No studies have focused onmore intense activities,
such as sports, after bariatric surgery for weight reduction and
its association with dyspnea, quality of life, and level of ac-
tivities of daily living. Therefore, the aim of this study was to
evaluate the association of moderate-to-intense physical activ-
ity with the effects of bariatric surgery on weight loss, level of
activities of daily living, dyspnea, and quality of life in seden-
tary individuals with morbid obesity.

Methods

Participants

Individuals who did not practice regular physical activity,
which was defined as 2 times a week for at least 3 months
[25], were followed up at a clinic specializing in the treatment
of obesity in Paraná, Brazil. We obtained informed consent
from all individuals who agreed to participate in this study.
The inclusion criteria were grade III/morbid obesity or grade
II obesity associated with a comorbidity [26], preserved cog-
nition, and a capacity to understand questionnaires. The ex-
clusion criteria were the presence of other diseases or physical
changes that interfered with the evaluations, canceled surgery,
and need for another surgery during the 6-month follow-up
period. This study was approved by the Universidade Cidade
de São Paulo Ethics Committee (44734015.5.0000.0064).

Experimental Design

Consecutive individuals who had an indication for bariatric
surgery were selected according to the eligibility criteria.
Anthropometric data, physical activity, level of activities of
daily living, dyspnea, and quality of life were assessed by
questionnaires. Perioperative data were also collected. All se-
lected individuals underwent bariatric surgery. At 1 month
after surgery, all patients were instructed to perform
moderate-to-intense physical activity on a regular basis.
Patients were reassessed at 6 months and 3 years after surgery.
Patients were considered to have adhered to physical activities
if they increased their level of postoperative activity compared
to their preoperative period; patients were considered non-
adherent if they maintained or decreased their level of postop-
erative activity. Postoperative weight loss relative to the pre-
operative period (in percentage), level of activities of daily

living, dyspnea, quality of life, and weight regain (weight gain
after surgery, in relation to the preoperative period) outcomes
were compared between the adherent and non-adherent
groups.

Assessments

Weight and height were measured according to the National
Institute of Health, Heart, Lung, and Blood recommendations
[27]. Regular physical activity was measured by the Tegner
activity scale, which assesses the level of sports activities [28,
29]; a zero score represents withdrawal from activity due to
physical incapacity, a score of 1 to 7 represents sports and/or
work activities, and a score of 8 to 10 represents competitive
sports activities. The score on the Tegner activity scale is
relative to the activities reported, regardless of the weekly
frequency or practice time. We considered an individual ad-
herent if they increased their score on the Tegner scale
6 months or 3 years after surgery. We considered an individual
non-adherent if they maintained or decreased their score on
the Tegner scale 6 months or 3 years after surgery.

The level of activities of daily living was measured by the
Human Activity Profile (HAP) [30, 31]. The HAP question-
naire considers current and previous performance of activities
of daily living [30]. The HAP questionnaire has 94 items that
assess the performance of physical activities arranged by in-
creasing difficulty. Each item has 3 answer options: I still do, I
stopped doing, or I never did. The score was given by the
Adjusted Activity Score. The number of items answered as
BI stopped doing^ is subtracted from the highest item an-
swered as BI still do.^

Dyspnea symptoms were measured by the Modified
Dyspnea Index (MDI) [32, 33]. The MDI questionnaire as-
sesses an individual’s sensation of shortness of breath in three
aspects: work and domestic activities, range of task, and range
of effort. The final score ranges from 0 to 12 points; zero
means disabling dyspnea and 12 means absence of dyspnea.

Quality of life was measured by the Moorehead–Ardelt
Quality of Life Questionnaire II [34, 35] that has six domains:
self-esteem, physical activity, social life, working conditions,
sexual activity, and eating behavior.

Perioperative Aspects

Patients underwent vertical gastrectomy or gastroplasty with
Roux-en-Y gastrointestinal bypass via video laparoscopy. The
hospitalization period for all patients was 2 days, and there
were no clinical or surgical complications. At 1 month after
surgery, all patients were instructed to practice regular
moderate-to-intense physical activity for a minimum of
30 min per day/2 times per week. Walking, gymnastics, bik-
ing, jogging, running, swimming, hydro-gymnastics, soccer
play, bodybuilding, and CrossFit were presented as options.
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Patients were advised to choose an activity that they felt was
pleasant and easily accessible.

Statistical Analysis

Sample calculation was performed for correlation (r = 0.44;
p = 0.02) between weight loss and physical activity, with pow-
er of 80%, alpha of 5%, and expected sample loss of 15% [23].
Seventy-eight patients were required to respond to the primary
aim of the study.

After normality by the Shapiro–Wilk test, the groups were
compared using the t or Mann–Whitney, and chi-square tests.
A multiple stepwise forward linear regression model was also
used. The significance level was 5%. SigmaStat 12.1 software
(San Jose, USA) was used.

Results

One hundred consecutive individuals with morbid obesity
were selected for this study. Three individuals declined to
participate. As a result, 97 individuals were included, but 8
did not respond to any of the postoperative questionnaires, and
11 underwent cholecystectomy during the follow-up period
and were, therefore, excluded from the analyses. Seventy-
eight patients were evaluated before surgery and 6 months
after bariatric surgery, with 52 of these patients reevaluated
3 years after surgery (16 patients were lost to follow-up 3 years
after surgery).

The age of the patients ranged from 19 to 62 years, and
their BMI ranged from 34.9 to 55.2 kg/m2. Fifty-four patients
(69.2%) reported having at least one obesity-associated co-
morbidity. The most common comorbidities reported were
hypertension (55.1%), diabetes mellitus type II (21.7%), dys-
lipidemia (15.3%), and sleep apnea (11.5%). In addition,
14.1% of patients reported having a musculoskeletal pain con-
dition (Table 1).

The patients’ postoperative weight loss in relation to their
preoperative weight was 27 ± 5% through the 6th postopera-
tive month and 29 ± 7% after 3 years. In addition, 38% of
patients had weight regain (4 ± 3%) 3 years after surgery rel-
ative to their preoperative period. Physical activity, level of
activities of daily living, quality of life increased, and dyspnea
decreased after surgery (Table 2).

Six months after surgery, 36% of patients (28 patients)
adhered to regular moderate-to-intense physical activity; the
majority (54%) of these patients reported that they performed
both aerobic activity and exercises for muscle strengthening
2–3 times per week. Compared to the patients who were non-
adherent to postoperative moderate-to-intense physical activ-
ity, the adherent patients had greater weight loss (29 ± 4% vs.
26 ± 5%; p = 0.01), increased level of activities of daily living
(16 ± 13 pts vs. 9 ± 13 pts; p = 0.03), and increased quality of
life (1.36 ± 1.02 vs. 0.91 ± 0.89; p = 0.04).

Three years after surgery, 38% of patients adhered to reg-
ular moderate-to-intense physical activity. Compared to the
patients who were non-adherent to moderate-to-intense phys-
ical activity, the adherent patients had greater weight loss (32
± 8% vs. 26 ± 6%; p = 0.005), increased level of activities of
daily living (23 ± 12 pts vs. 9 ± 2 pts; p < 0.0001), and in-
creased quality of life (1.13 ± 1.0 vs. 0.51 ± 0.99; p = 0.03).
We observed no differences in dyspnea for any of the reas-
sessment periods (Table 3).

A comparison of patient activities at 6 months and 3 years
after bariatric surgery showed an increase over time in bathing
without help (4 vs. 16; p = 0.04), dancing (8 vs. 17; p = 0.04),
shoveling (3 vs. 8; p = 0.04), and climbing 50 steps without
stopping (27 vs. 40; p = 0.01).

The multiple linear regression model showed that both ad-
herence to regular moderate-to-intense physical activity and
age were independent factors associated with weight loss
6 months after surgery. The level of activities of daily living
and type of surgery were not associated with weight loss.
However, at 3 years after surgery, only adherence to regular
moderate-to-intense physical activity was an independent fac-
tor associated with weight loss (Table 4).

After the follow-up period, weight loss was associated with
an adherence to regular physical activity (odds ratio 1.12, 95%
confidence interval 1.02–1.24), and weight regain was not
associated with adherence to regular physical activity.

Discussion

This study demonstrates that bariatric surgery and its conse-
quential weight loss improve an individual’s level of activities
of daily living, dyspnea, and quality of life; in addition,
moderate-to-intense regular physical activity intensifies these
benefits. Adherence to regular moderate-to-intense physical
activity during the postoperative period is an independent

Table 1 Initial characteristics of patients with morbid obesity in the
preoperative period (n = 78)

Variables Values

Age (years) 37.8 ± 9.9

Weight (kg) 118.9 ± 20.0

BMI (kg/m2) 41.3 ± 5.9

Sex, n (%) 34M (44)/44F (56)

Gastrectomy/gastroplasty with Roux-en-Y
gastrointestinal bypass, n (%)

67 (86)/11 (14)

Data presented as mean ± standard deviation or absolute number (per-
centage of total sample). Physically inactive = Tegner < 3

BMI body mass index, M male, F female
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factor that positively influences an individual’s ability to reach
the goals of bariatric surgery. Our results are consistent with
previous studies that reported an intensified weight loss
through physical activity [22, 23, 36]. However, these previ-
ous studies evaluated physical activity in a generalized way
[22, 23, 36]. Our study detected this association by the use of
an evaluation instrument that was focused on moderate-to-
intense activities. We also observed an association of age with
percentage of weight loss, probably due to the more prevalent
concern with health in older adults compared to younger
adults. Most individuals in our study were between the ages
of 30 and 50 years and had comorbidities, and the stimulus for
weight loss and improved health may have been higher in this
age group than in younger adults.

Although weight loss induced by the increased energy ex-
penditure of physical activity is lower than that induced by a
decreased caloric intake [37–40], our study reinforces the hy-
pothesis that an adherence to physical activity associated with
dietary restriction methods, such as bariatric surgery, will op-
timize percentage reduction of body weight and provide
health benefits. However, the postoperative weight regain
we observed in some patients was not associated with physical
activity, and this result was contrary to some previous studies.
Amundsen et al. showed a lower level of physical activity in

subjects with suboptimal weight loss (weight loss < 50%) or
significant postoperative weight regain (total gain of weight >
15% compared to preoperative) 6 months to 2 years after
surgery [41]. Another study showed an association of
moderate-to-vigorous physical activity with better reduction
and maintenance of weight 2 to 16 years after surgery [42].
However, there is still no consensus on the types of physical
activity that are most effective in preventing postoperative
weight regain.

As expected, observed weight loss was significant in the
first 6 months after bariatric surgery and was retained for up to
3 years after surgery. The success of the obesity treatment was
evidenced by improvements in the quality of life and increases
in the level of activities of daily living evaluated by the HAP.
The HAP includes activities that range from basic personal
care to those with a significant expenditure of energy [31].
Thus, an increase in the HAP score indicates a change in
lifestyle to more substantial activities of daily living and more
intense physical activities, which were previously limited by
morbid obesity. Previous studies have shown that an increase
in postoperative sedentary activities, such as maintaining a
seated position, is associated with a higher risk of comorbid-
ities and mortality [43–45]. Therefore, the observed behavior-
al changes in our patients may have improved or reversed the

Table 3 Comparison of groups
6months and 3 years after surgery
in weight loss, level of activities
of daily living, dyspnea, and
quality of life among patients who
were adherent and non-adherent
to physical activity

6 months after surgery 3 years after surgery

Adherence
(n = 28)

Non-
adherence
(n = 50)

P Adherence
(n = 20)

Non-
adherence
(n = 32)

P

Weight loss, %
preoperative

29.0 ± 4.1 26.1 ± 5.2 0.01 32.1 ± 8.38 26.3 ± 5.9 0.005

Level of activities of
daily living, points

16.1 ± 13.3 9.0 ± 13.2 0.03 22.7 ± 11.6 9.3 ± 1.7 < 0.0001

Quality of life, points 1.36 ± 1.02 0.91 ± 0.89 0.04 1.13 ± 1.06 0.51 ± 0.99 0.03

Dyspnea, points 3.3 ± 1.5 3.2 ± 1.5 0.86 2.6 ± 1.72 3.03 ± 1.4 0.38

Data presented as mean ± standard deviation. Data on level of activities of daily living, quality of life, and dyspnea
are presented in delta between 6 months after surgery and the preoperative period and in delta between 3 years
after surgery and the preoperative period. % = percentage

Table 2 Evolution of BMI,
physical activity practitioners,
level of physical activity, level of
activities of the daily living,
dyspnea, and quality of life during
follow-up (n = 78)

PRE 6 months PO 3 years PO P

BMI (kg/m2) 41.9 (4.6) 30.6 (3.7) 29.3 (3.4) < 0.001

Physical activity level (points) 3 (1–3) 3 (3–4) 4 (2–4) < 0.001

Level of activities of daily living (points) 60 (51–70) 71.5 (66–78) 74.5 (68–80) < 0.001

Dyspnea (points) 8 (7–9) 12 (11–12) 11 (11–12) < 0.001

Quality of life (points) 1.2 (0.6–1.72) 2.3 (1.77–2.62) 1.8 (1.35–2.35) < 0.001

Data presented as average (standard deviation), median (interquartile range 25–75%), or percentage. BMI = body
mass index; PRE = preoperative period; PO = postoperative; physical activity intensity assessed by Tegner. P = p
value compared to PRE

BMI bodymass index, PRE preoperative period, PO postoperative, physical activity intensity assessed by Tegner,
P p value compared to PRE
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effects of postoperative sedentary behavior on their general
health status and quality of life. In addition, our patients car-
ried out some activities that were preoperatively abandoned
due to an incapacity or were never performed, and this should
have positively affected their quality of life.

Our patients’ behavioral changes had no impact on dys-
pnea, which decreased independently from adherence to post-
operative physical activity; weight loss was the predominant
factor that impacted dyspnea. These findings reinforce the
results of previous studies that reported surgery for obesity
was effective at improving respiratory function due to de-
creased body fat, reducing dyspnea [46–48], and increasing
the ability to perform activities of daily living [49].

Quality of life is multifactorial and involves many as-
pects, such as physical and mental function, that generally
improve in obese individuals after surgery [50–53]. A
previous study showed that quality of life increased sig-
nificantly after an intervention program with counseling,
increasing increase the level of physical activity prior to
surgery, even when assessed by the non-specific The
Medical Outcomes Study Short Form-36 health survey
(SF-36) [54]; in addition, this previous study showed that
an increase in moderate-to-intense physical activity during
the preoperative period evaluated by an accelerometer was
independently associated with improvements in physical
function, body pain, general health status, and physical
component in the SF-36. Our study complements these
results by showing that the positive effect of physical
activity on quality of life continues even with behavioral
changes after surgery. These positive effects observed in
our study were evidenced in both short and longer follow-
up periods. In addition, our study used a specific instru-
ment for this population that combined the aspects of
other more general questionnaires [22, 54, 55] with eating
behavior, which is the main focus of bariatric surgery.

A previous randomized clinical trial evaluated the ef-
fects of a 12-week moderate-intensity aerobic training

program on the quality of life of obese subjects under-
going bariatric surgery [55]. Participants in the training
program had better quality of life outcomes compared to
the control group. Our study emphasizes the association
of quality of life with the practice of sports, which rein-
forces the results of this previous clinical trial.

The main limitation of this study is that we lost some
patients to follow-up 3 years after surgery. However, we
believe that the reassessment of 67% of patients is suffi-
cient to reflect the results between 6 months and 3 years
of bariatric surgery, which were maintained over time.
Other limitation is the information about adherence to
physical activity had been measured by self-reporting
which can bias the results. In addition, the Tegner activity
scale could be adapted for the surgical population to in-
clude the frequency and time of performance of each ac-
tivity included for scoring.

Our results show that postoperative moderate-to-intense
physical activity is associated with postoperative weight loss
and increases in the level of activities of daily living and qual-
ity of life, without a decrease in dyspnea greater than that
caused by postoperative weight loss. Individuals with morbid
obesity who are candidates for bariatric surgery should be
advised to optimize their treatment outcomes with adherence
to regular moderate-to-intense physical activity during the
postoperative period.
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Table 4 Independent factors associated to weight loss as the dependent variable 6 months and 3 years after bariatric surgery (n = 78)

Independent variables Coefficient Std. error T P Rpartial Rsemipartial VIF

6 months PO (constant) 29.79

Adherence to postoperative physical activity 2.44 1.03 2.38 0.02 0.27 0.26 1.03

Age − 0.10 0.05 − 2.01 0.04 − 0.23 0.22 1.03

Type of surgery 0.95 1.55 0.61 0.54 0.07 0.07 1.00

Level of activities of daily living before surgery − 0.00 0.04 − 0.04 0.97 − 0.01 0.01 1.00

3 years PO Adherence to postoperative physical activity 5.83 2.05 2.84 0.01 0.49 0.24 1.17

Age 0.06 0.11 0.52 0.61 0.02 0.02 1.29

Type of surgery 2.72 2.98 0.91 0.36 0.09 0.09 1.38

Level of activities of daily living before surgery − 0.17 0.09 − 1.95 0.07 0.04 0.02 1.01

STD standard, T statistic, P p value, R determinant factor, VIF variance inflation factor, PO postoperative
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