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Abstract
Objectives This study aimed to evaluate physical function
(PF), quality of life (QOL), and energy expenditure (EE) dur-
ing activities of daily living (ADL) in late outcome post-
bariatric surgery (BS) patients and to compare them to severe
obese individuals and matched controls.
Methods Sixty-three subjects were included: 21 patients in
post-operative (PO) of BS (3–4 years post-Roux-en-Y gastric
bypass) with a stable weight for at least 6 months (16 women,
41 ± 11 years old, BMI = 28 ± 4 kgm−2) (group PO); 21 obese
individuals with BS indication (16 women, 44 ± 9 years old,
BMI = 44 ± 6 kgm−2) (groupOB); and 21 controls matched to

PO by gender, age, and BMI (16 women, 42 ± 12 years old,
BMI = 27 ± 6 kg m−2) (group MC). PF was objectively
assessed by the Glittre and modified Glittre ADL-tests. QOL
(SF-36), EE (activity monitoring during ADL), and body
composition (bioelectrical impedance) were also assessed.
Results OB had worse PF (Glittre ADL-test) compared to PO
and MC (OB = 224 ± 76 s; PO = 143 ± 39 s; and
MC = 118 ± 17 s; p < 0.0001). The same was observed for
QOL (p < 0.05 for all SF-36 domains). OB also had higher total
EE in the Glittre ADL-test. However, 63% of the activity time
was in low-intensity EE. In theGlittremodified protocol, OB had
poorer performance than PO and MC when walking up/down-
stairs, rising/sitting in a chair, and moving objects on a shelf.
Conclusions Post-BS patients have better PF and QOL and
perform activities under lower total EE than obese subjects,
very similar to matched controls.
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Introduction

Obesity is strongly associated with type 2 diabetes mellitus,
cardiovascular diseases, and decreased musculoskeletal func-
tion, resulting in the increased risk of death from all causes [1,
2]. Obese individuals often present marked impairment in
their physical function (PF or functionality), and this is closely
related to poorer quality of life (QOL) and more pronounced
difficulties in performing activities of daily living (ADL) [3,
4]. Many studies have demonstrated the effectiveness of bar-
iatric surgery (BS), mainly the Roux-en-Y gastric bypass
(RYGB) technique, in both weight loss and comorbidity con-
trol [5, 6]; however, few studies have investigated PF
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outcomes following weight loss induced by BS [7, 8].
Considering that RYGB is a partial anti-absorptive technique
[9], we could speculate whether the physical functionality in
performing ADL could be restored and reach the same perfor-
mance found in individuals matched for body mass index
(BMI). In addition to this, we could identify if these patients
remain with any degree of physical dysfunctionality despite
significant weight loss.

The use of self-reported questionnaires to measure PF in
obese individuals has proved to be an inaccurate method due
to the common under- or overestimate perception [10].
Nevertheless, in order to fully elucidate one’s functionality,
it would be useful to provide a wider perspective. The
Glittre ADL-test was developed to address the need for a
broader and more representative objective assessment of func-
tion, using ADL-like activities.

Another challenge faced by post-BS patients is metabolic
changes. Due to large weight loss, patients also have signifi-
cant loss of lean body mass and decrease in total energy ex-
penditure (EE) [11, 12]. Faria et al. [13] showed that resting
EE reduction contributed to weight regain and also found that
patients who maintain weight loss after BS had a resting EE of
around 260 kcal/day higher than those who failed to maintain
their weight loss. Considering that weight maintenance de-
rives from the balance between energy intake and EE, spon-
taneous and planned physical activities are important variables
in this equation [14]. However, to the best of our knowledge,
no study has analyzed EE during ADL in post-BS patients.

The aim of this study was to evaluate PF, QOL, and EE
during ADL in post-BS patients (3 to 4 years post-BS) and
compare them with severely obese individuals not submitted
to BS and matched control individuals. We also intended to
investigate correlations of PF with EE, QOL, and body com-
position in these subjects.

Subjects and Methods

Study Participants

Sixty-five subjects were included in the study: 21 post-BS
patients (3 to 4 years after Roux-en-Y gastric bypass) with a
stable weight for at least 6 months (PO group: 16 women,
41 ± 11 years old, BMI = 28 ± 4 kgm−2); 23 obese individuals
with BS indication according to the World Health
Organization’s recommendations [15] (OB group: 16 women,
44 ± 9 years old, BMI = 44 ± 6 kg m−2); and 21 control
individuals, matched to the PO group by gender, age, and
BMI (MC group: 16 women, 42 ± 12 years old,
BMI = 27 ± 6 kg m−2). Post-BS patients were recruited from
a list provided by the statistical service of Londrina State
University Hospital (HU-UEL) and Londrina Gastro Clínica
Hospital. OB group subjects were recruited from the databank

of HU-UEL or other obesity projects conducted in the
Londrina area, whereas MC group individuals were invited
from the community. Exclusion criteria were the presence of
uncontrolled high blood pressure or diabetes mellitus, liver or
kidney disease, cancer, pulmonary diseases and severe cardio-
myopathies, neurologic diseases, wasting syndrome, chronic
use of corticosteroids, musculoskeletal diseases, or physical
limitations that could hinder the subjects’ performance in the
proposed tests. The study was approved by the institutional
ethics committee and each participant provided written in-
formed consent to participate.

Assessments

PF, QOL, and EE during ADL and body composition were
assessed in a single day. An interview was also performed to
obtain personal information about the presence of comorbid-
ities and drug use, pain complaints, educational level, and
work-related and physical-related characteristics.

PF was estimated by the Glittre ADL-test [16], a standard-
ized test which includes ADL activities involving rising from
a chair, lifting, carrying, and bending. A previous study has
confirmed the validity and reproducibility of this test for obese
and post-BS individuals [17]. Heart rate (HR), peripheral ox-
ygen saturation (SpO2), blood pressure (BP), and Borg scores
(0–10) for dyspnea and fatigue were measured before and
after the test. EE was also measured during the test with the
activity monitor as described below. The protocol was per-
formed twice with a 30-min interval, and the shortest duration
was used for the analysis.

In order to access PF and EE in each circuit activity, sub-
jects were submitted to a modified version of the Glittre ADL-
test [18]. It included the same activities performed in the
Glittre ADL-test, but performed during 2 min each: walking
on the level, walking on the level carrying a backpack (10% of
their body weight), rising from a chair and sitting in another
chair positioned 1 m across, walking up/downstairs (two
steps), and moving an object weighting 1 kg from shelves.
Activities were performed in random order, and the time be-
tween them was determined by the return of HR, BP, and
SpO2 to resting values. HR, SpO2, BP, and Borg scores (0–
10) were also measured before and after the test. The protocol
was concurrently videotaped by a digital camera as a criterion
method for walking distance, in meters or number of repeti-
tions that the activity was performed.

The multisensor SenseWear armband (SAB) activity mon-
itor (BodyMedia Inc., Pittsburgh, PA, USA) was used to eval-
uate EE during the Glittre ADL-test and the modified Glittre
ADL-test. The device estimates EE and also provides the du-
ration of activities performed at different intensities (e.g., time
spent in light, moderate, and vigorous intensities) [19]. The
SAB has already been used in obese and post-BS patients for
measuring EE [4, 20].
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Quality of life was assessed by the Portuguese version of the
Medical Outcomes Study 36-Item Short Form Health Survey
(SF-36) [21] and body composition by bioelectrical impedance
(BIA) (Biodynamics 310®, Biodynamics Corp., Seattle, WA,
USA) [22].

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism 6.0
(GraphPad Software, San Diego, CA, USA) program. The
Shapiro-Wilk test was used to check for normal distribution.
According to normality in data distribution, comparisons be-
tween groups were performed using ANOVA or Kruskal-
Wallis tests, followed by a post hoc test (Bonferroni or Dunn,
respectively). Similarly, in order to compare changes between
pre- and post-BS in PO, the Student paired t or Wilcoxon tests
were used. Correlations were studied using the Pearson or
Spearman coefficient, also according to the normality in data
distribution. A significance level of p ≤ 0.05 was adopted.

Results

Twenty-one individualswere included in thePO(42±3months
post-BS) and MC groups, and 23 individuals were included in
the OB group. Two patients from OB were excluded for pre-
senting a marked increase in blood pressure during the proto-
col. All patients in the PO group succeeded in losing weight
after the BS (weight loss equal to or greater than 50% of
excess body weight) (Table 1).

All subjects from the OB group had one or more comorbid-
ities: hypertension (81%), musculoskeletal disorders (such as
osteoarthritis, osteoarthrosis, and back conditions [e.g., lordosis
or kyphosis]) (62%), dyslipidemia (48%), anxiety/depression
(33%), and diabetes mellitus (24%), whereas in the PO and
MC groups, comorbidities were detected in only 33% of the

subjects (p < 0.0001, OB versus PO and MC). The prevalence
of comorbidities decreased in the PO group after BS (95% before
BS versus 33% after BS, p = 0.0002) as well as BMI reduced in
average 15 kg m−2 post-operatively (43 ± 7 to 28 ± 4 kg m−2,
p < 0.0001) in comparison with the self-reported pre-surgery
BMI. Regarding regular physical activity practice, 33% of the
OB, 52% of the PO, and 38% of the MC groups self-reported to
perform it regularly (p = 0.43). The majority of patients from the
OB and PO groups reported chronic musculoskeletal pain (81
and 62%, respectively), while only 29% in the MC group had
that complaint (p = 0.003, OB versus MC).

Glittre ADL-Test

Physical function evaluated by the performance in the Glittre
ADL-test was worse in OB when compared to PO and MC
(OB = 224 ± 76 s; PO = 143 ± 39 s; and MC = 118 ± 17 s;
p < 0.0001). The OB group had higher total EE when com-
pared to PO and MC (24 ± 10, 12 ± 4, and 12 ± 4 cal, respec-
tively, p < 0.05). However, when taking into account the EE
by time, the OB spent 63% of the time in light activities (i.e.,
low energy expenditure), 37% in moderate activities, and no
time in vigorous activities. Otherwise, PO spent 51% of the
time in light activities, 42% in moderate activities, and 7% in
vigorous activities, whereas MC spent 44% in light activities
(p = 0.02 versus OB), 52% in moderate activities, and 4% in
vigorous activities.

Modified Glittre ADL-Test

When evaluating the Glittre activities separately in the modified
protocol, OB had poorer performance than PO andMC in walk-
ing up/downstairs (OB = 22 ± 6; PO = 32 ± 9; and MC = 34 ± 7
repetitions), rising and sitting in a chair (OB = 30 ± 7;
PO = 40 ± 8; andMC = 43 ± 10 repetitions), and moving objects
on shelves (OB = 8 ± 2; PO = 11 ± 3; and MC = 12 ± 1

Table 1 Patients’ characteristics
and anthropometric profile of
obesity (OB), post-operative
(PO), and matched control (MC)
groups

Characteristics OB PO MC p
(n = 21) (n = 21) (n = 21)

Age (years) 44 ± 9 41 ± 11 42 ± 12 0.48

Gender (F/M) 16/5 16/5 16/5 1

Weight (kg) 113 ± 21* 75 ± 14 75 ± 20 <0.0001

BMI (kg m−2) 44 ± 6* 28 ± 4 27 ± 6 <0.0001

Fat mass (%) 44 ± 7* 31 ± 6 32 ± 8 <0.0001

Fat mass (kg) 50 ± 13* 23 ± 7 27 ± 15 <0.0001

Fat-free mass (kg) 62 ± 15* 52 ± 10 51 ± 13 0.002

Metabolic rate (kcal) 1936 ± 434* 1565 ± 318 1569 ± 380 0.002

Data are expressed as mean ± standard deviation

F female, M male, BMI body mass index

*p < 0.05 versus PO and MC
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repetitions) (p < 0.0001 for all activities), therefore showing that
in these activities, PO had similar PF in comparison with MC
(Fig. 1). Concerningwalking activities,MC showed significantly
better results (with and without backpack) compared to OB and
PO (walking: OB = 140 ± 32; PO = 168 ± 20;MC= 190 ± 24m;
and walking with a backpack: OB = 138 ± 32; PO = 158 ± 24;
MC = 182 ± 26 m; p < 0.0001 for both) (Fig. 1). Furthermore,
out of the five activities, OB showed a significantly lower aver-
age EE in three of them (walking up/downstairs, rising/sitting in
a chair, andmoving objects up and down in shelves). A statistical
trend in the same direction was observed for the walking activ-
ities (Table 2).

Quality of Life

OB had lower quality of life according to all aspects of the SF-
36 questionnaire (physical and mental domains) when com-
pared to PO and MC, whereas there were no differences be-
tween PO and MC (Table 3).

Correlations

As shown in Table 4, better PF was moderately-to-
strongly correlated with lower percentage of fat mass,
physical functioning (SF-36), and lower EE during ADL
in all groups.

Discussion

This study proposed to evaluate the physical functional-
ity in performing ADL in late outcome individuals sub-
mitted to RYGB and to compare them to class III obesity
patients and control subjects matched for age, gender,
and BMI. As expected, 3 to 4 years after BS, individuals
had an important decrease in BMI and in the prevalence
of comorbidities, reaching similar parameters as the MC
subjects. When we analyzed the PF by the Glittre ADL-
test, we found that PO and MC groups had similar per-
formances between them, but better than OB individuals.
Only a few studies evaluated PF in obese and post-BS

Fig. 1 Comparison of the
physical function in the five
activities of the modified Glittre
ADL-test among OB, PO, and
MC groups. #p < 0.05 versus OB
and PO *p < 0.05 versus PO and
MC

Table 2 Comparison of energy expenditure (in average) during the five
activities of the modified Glittre ADL-test among obesity (OB), post-
operative (PO), and matched control (MC) groups

OB PO MC p

Walking (cal) 28 ± 7 32 ± 6 34 ± 9 0.06

Walking with a backpack (cal) 29 ± 6 31 ± 6 35 ± 7 0.08

Up/downstairs (cal) 21 ± 5* 30 ± 6 33 ± 6 <0.0001

Rising/sitting in chair (cal) 30 ± 7* 40 ± 7 43 ± 10 <0.0001

Moving objects in shelves (cal) 22 ± 8* 30 ± 7 32 ± 7 0.0007

Data are expressed as mean ± standard deviation

*p < 0.05 versus PO and MC
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patients by an objective method. Some studies have
shown that PF, assessed by the 6MWT, significantly im-
proved from 8.8 to 33.3% after BS [23–30]; however,
this is a test which assesses only one daily activity
(i.e., walking). Three studies evaluated PF (follow-up
from 3 to 12 months) by the timed up-and-go test [8,
27, 29], and two other studies evaluated PF by using
the Short Physical Performance Battery, which consists
of repeated chair stands, balance, and 8 min of walking
[26, 30]. All these studies found an increase in PF after

BS; however, the maximum time of follow-up in these
studies was 12 months not considering that the peak of
weight loss after RYGB occurs at 12–16 months and
continues up to 18–24 months [31]. We also should
highlight that none of these studies included a matched
control group, which is important to determine whether
post-BS patients reach similar to their controls.

Regarding EE, it is well known that obese patients have a
higher EE than individuals with normal body weight [32]. The
amount of fat-free mass seems to be the main predictor of a
suitable total and resting EE [33]. Das et al. [32] also demon-
strated that fat-free mass is able to predict 56% of total EE and
63% of resting EE. Bariatric surgery commonly may lead to
important reduction not only of fat but also of fat-free mass
[34]. Therefore, some previous studies reported an important
EE decrease after this surgical procedure [35]. In the present
study, we also found high EE in OB when compared to PO
and MC during the Glittre ADL-test. Undoubtedly, this was
due to a higher level of work to move their body weight and
longer time spent to perform the activities. Nonetheless, in the
modified Glittre ADL-test, they showed significantly lower
averages for EE. The explanation for this is likely that OB,
due to their musculoskeletal limitations, performed the ADL
activities at a lower speed and at fewer repetitions than PO and
MC. On the other hand, post-BS patients have a similar EE to
matched controls. To the authors’ best knowledge, the present
study is the first to show that post-BS patients (3 to 4 years
post-operatively) have similar EE behavior during ADL in

Table 3 Differences in quality of life scores (SF-36) among obesity
(OB), post-operative (PO), and matched control (MC) groups

SF-36 domains OB PO MC p
(n = 21) (n = 21) (n = 21)

Physical functioning 52 ± 23* 80 ± 23 84 ± 15 <0.0001

Role-physical 54 ± 32* 88 ± 22 85 ± 24 0.0003

Bodily pain 47 ± 26* 70 ± 25 78 ± 21 0.0007

General health 54 ± 19* 84 ± 15 81 ± 21 <0.0001

Vitality 48 ± 19* 72 ± 21 63 ± 24 0.002

Social functioning 55 ± 28* 110 ± 21 86 ± 21 0.0004

Role-emotional 48 ± 42** 84 ± 33 65 ± 40 0.01

Mental health 55 ± 28** 78 ± 19 66 ± 22 0.01

Data are expressed as mean ± standard deviation

*p < 0.05 versus PO and MC; **p < 0.05 versus PO

Table 4 Correlation coefficients
between time spent in the Glittre
ADL-test and other variables in
obesity (OB), post-operative
(PO), and matched control (MC)
groups

Glittre ADL-test time (s)

OB (r) PO (r) MC (r)

Age (years) 0.45* 0.37* 0.43*

BMI (kg m−2) 0.26 0.30* 0.61*

Fat mass (%) 0.72* 0.72* 0.82*

Walking (laps in the MGT) −0.88* −0.58* −0.83*
Walking with a backpack (laps in the MGT) −0.91* −0.68* −0.81*
Up/downstairs (repetitions in the MGT) −0.82* −0.68* −0.74*
Rising/sitting in chair (repetitions in the MGT) −0.63* −0.67* −0.61*
Moving objects in shelves (repetitions in the MGT) −0.79* −0.83* −0.70*
Physical functioning (SF-36) −0.60* −0.33* −0.60*
TEE (cal) 0.60* 0.19 0.33*

AV METs (cal) −0.28 −0.45* −0.11
Sedentary (s) 0.50* 0.41* 0.19

Moderate (s) 0.26* 0.48* 0.21

Vigorous (s) – −0.61* −0.15*

Sedentary = time spent in sedentary activity; moderate = time spent in moderate activity; vigorous = time spent in
vigorous activity

MGT modified Glittre ADL-test

*p < 0.05
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comparison with matched controls, despite lean body mass
and energy expenditure reduction.

Several studies have shown that weight loss and reduction
of comorbidities after BS were able to improve the quality of
life of these patients [3, 36]. In agreement with these findings,
the present study showed that PO had statistically better re-
sults in all domains of the SF-36 (both physical and mental)
when compared to OB. Furthermore, as previously described
in the literature, the quality of life of PO and MC was similar,
again highlighting the beneficial effects of the surgery [37].

One of the limitations of this study is that EE was assessed
by the SAB, which is not the gold standard for this purpose.
However, several studies [4, 20, 38] have used this activity
monitor in obese and post-BS patients because it is a simpler
and less costly tool than indirect calorimetry. We also recog-
nize that a longitudinal design would be ideal to evaluate the
effects of surgery. However, the inclusion of an obese group
referred for BS and a non-obese group matched by BMI, gen-
der, and age may counteract this limitation by providing a
frame for pre-surgical assessment and another frame for a
post-surgical Breference,^ respectively. Finally, we only stud-
ied patients successfully treated by the surgery. Therefore, we
cannot extrapolate these conclusions for all individuals sub-
mitted to BS.

In summary, post-bariatric surgery patients have better
physical function and quality of life and perform activities
under lower total EE than obese subjects, very similar to
matched controls. In these subjects, better physical function
is associated with better body composition and lower EE dur-
ing activities of daily living.
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