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Introduction

The prevalence of metabolic syndrome (MetS) and car-
diovascular disease is expected to rise with the global
obesity epidemic [33]. MetS is a cluster of clinical risk
factors including abdominal (visceral) obesity, hyperten-
sion, elevated serum triglycerides, low serum high-density
lipoprotein (HDL) and hyperglycemia [1]. MetS is also
associated with a pro-inflammatory state that leads to an
altered physiological balance of adipokines, insulin resis-
tance, endothelial dysfunction and a pro-atherogenic
profile [31], which overall markedly increases cardiovas-
cular risk and mortality [26].

Morbid obesity is considered a chronic disease highly
related to MetS development [6]. Indeed, MetS signifi-
cantly decreases the life expectancy of individuals with
morbid obesity [26], and increases the disease burden and
the associated economic healthcare costs [19]. Further-
more, it has recently been reported that body mass index
(BMI) and fat distribution have higher associations with
inflammation, fat indices, and prevalence of MetS in
morbidly obese subjects [18], highlighting the need for the
early prevention of MetS in these individuals.

Exercise training (i.e., any traditional endurance or
resistant training applied progressively and sustained in
the time) is known to be effective in inducing clinically
significant weight loss and reducing cardiovascular risk
[16], and is also associated with increased muscle mass,
decreased body fat, and an improved metabolic profile
[e.g., glucose control and lipid levels] [21]. Additionally,
exercise training in patients with MetS was also found to
be associated with a significant reduction in high-
sensitivity C reactive protein and insulin resistance, but
was independent of weight loss [7], which is not necessary
for improved health in morbidly obese patients. However,
considering that cardiorespiratory fitness (CRF) is reported
to be a strong predictor of overall health, exercise training
may improve CRF in patients with MetS [13,36], and thus
CRF-related outcomes such as walking performance can
likely be relevant for the health of obese patients at risk of
MetS. Additionally, resistance exercise training (RT, an
exercise training modality consisting of stimulating mus-
cles using external weights) may help to reduce some
health markers such as systolic blood pressure (SBP) in
obese patients with MetS risk factors [28]. Indeed, super-
vised RT improved muscle strength and functional capac-
ity in patients with obesity undergoing bariatric surgery
[24]. Nevertheless, whereas, RT has been widely studied
in obesity [3], there has been little information on its ef-
fects on physical health outcomes in morbid obesity.

Data on the interindividual variability in response to
exercise training, in terms of responders and non-
responders, is limited in this cohort. However, with
regards to overweight, we have shown that individuals
with more baseline fat (overweight, obesity) show signif-
icant fat reduction with few non-responders [2,3], and we
speculate that morbid obese patients have the potential to
show greater reductions in both fat and MetS markers

than their peers with less fat. Thus, considering the scar-
city of information on the prevention of MetS in morbidly
obese patients, as well as the paucity of knowledge about
interindividual variability for improving MetS outcomes,
we sought to establish the effects of an RT program for
preventing or attenuating MetS in patients with morbid
obesity. A second aim was to report the interindividual
variability in terms of improvements in MetS markers and
other related co-variables.

Methods
Study design

In an experimental clinical trial, obese and morbid obese
patients, who were candidates for bariatric surgery, were
invited to participate in a lifestyle study comprising RT
over a successive 20-week period. Participants were
recruited from the morbid obesity organization “OBEMOB”
(Temuco city, Chile), over two months by telephone invi-
tation. The sample size was determined in accordance
with the study’s feasibility recruitment, and with a previ-
ous pilot study determining the effects of an RT program
on anthropometric, cardiovascular, metabolic, endurance
and muscle strength function in patients with morbid
obesity [16]. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the
Ethical Committee of the Universidad de La Frontera,
Temuco, Chile.

Patients and recruitment

The inclusion criteria were as follows: i) >18 and < 60
years of age (65 years is the retirement age for women in
Chile), ii) participation in daily activities including walking,
physical autonomy, iii) medical authorization by a physi-
cian, and iv) BMI >35 kg/m?, according to the following
classification: class II obesity BMI >35.0—39.9 kg/m?, class
I1l morbid obesity BMI >40 kg/m? [9,17]. Exclusion criteria
were as follows; i) physical limitations (e.g., restricting
injuries of the musculoskeletal system, or dependent on a
third person), ii) exercise-related dyspnoea or respiratory
alterations, iii) chronic heart disease with any worsening
in the last month, and iv) an adherence rate of less than
80% of the total intervention (excluded from the statistical
analyses). From the thirty-nine participants (2 = 35;
3 = 4) included in the first stage of enrolment, 12 in-
dividuals (? = 12) were excluded because of the exclusion
criteria. Thus, twenty-seven participants were randomly
allocated to one of the following groups: the group clas-
sified as obese (CO, n = 16, ¢ = 14) and the group clas-
sified as morbidly obese (MO, n = 16, 2 = 14). However,
during the intervention, four individuals in the CO group
and two individuals in the MO group were excluded from
the data analysis due to exercise training compliance less
than 80%, as stated in the exclusion criteria. Thus, the
remaining participants were included in the final analyses:
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(CO, n = 7; MO, n = 14). The study design is described in
Fig. 1.

Resistance training intervention

The 20-week RT program comprised three weekly sessions,
each lasting 1 h. All sessions started with a 10-minute
warm-up period with continuous walking and joint
mobility and flexibility exercises, followed by 5 min of cool-
down and stretching, to prevent injuries. Sessions included
4 to 8 RT exercises targeting the following different muscle
groups: 1. forearm, 2. knee flexors and 3. extensors, 3. trunk,
4. chest, 5. shoulder elevators, 6. horizontal shoulder flexors
and 7. extensors, and 8. plantar flexors. The exercises for
each muscle group were performed in 3 sets of as many
repetitions (continuous concentric/eccentric voluntary
contraction) as possible in 1 min followed by 2 min of
passive recovery, as previously reported [5]. Before the RT

program, each participant was evaluated using the subjec-
tive modified Borg scale (1—10 points), in order to identify
muscle exertion (i.e., the load [kg]) in 1 min of exercise. The
recovery period progressed from 2 min (week 1-4) to
1.5 min (week 5—10) maintained to week 20 of RT. The
percentage one repetition maximum (1RM) of intensity
developed by each exercise was progressively increased
from 40 to 55—60%, according to the physiological adapta-
tions of the participants every two weeks. Thus, participants
always executed 1 min of exercise, repeated in 3 sets (i.e.,
3 min) per exercise, with rest periods. Thus, including
warm-up, the 8 exercises, and the cool-down period, the
session lasted 1 h. Exercises were performed using dumb-
bells (Salter, Madrid, Spain), free weights and metal bars,
according to the adjustments each week in individual load
for participants by exercise. The 1RM strength test intensity
was between 20 and 40% of 1RM in a dumbbell test. The
program description is described in Table 1.

[ Enrollment ]

Assessed for eligibility (n= 39)

Not included (n=12)
+ Musculo skeletal disorders (n=3)
+ Asthma (n= 2)

+ Regular Physical Activity (n=5)
+ Age > 60 years (n=2)

Allocation
{n=27)

( i ]
L Allocation ]

Allocated to MO (n = 16) ‘

’ Allocated to CO (n = 11)

[ Follow-Up

L

Lost to follow-up (n = 2)
+Exercise training compliance less
than 80%

Lost to follow-up (n = 4)
+ Exercise training compliance
less than 80%

—_—

Analysis

.

Analysed (n=14) ‘

MO: Morbid obesity group
CO: Control obesity group

Analysed (n=7)

Figure 1 Study design.
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Measurements of MetS markers

After 10—12 h of overnight fasting, all patients underwent
a baseline assessment (pre-test) between 08:00 and
9:00 am, with measurement of the following variables
related to the MetS: fasting glucose, lipid profile (i.e., total
cholesterol [TC], low-density lipid-cholesterol [LDL-C],
high-density lipid-cholesterol [HDL-C], and triglycerides
[TGs]). Additionally, systolic (SBP) and diastolic (DBP)
blood pressure was measured on the same day, according
to the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure [15]. Waist circumference was assessed
with a tape measure graduated in centimeters (Adult
SECA™, Seca Corp. Hanover, MD) using a standard protocol
[25]. The final (post) measurements were taken 72 h after
the last exercise session, in the same order and with the
same professional staff as in the baseline assessment.

Anthropometric parameters

BMI was determined (kg/m?) using a calibrated scale for
adults (220 kg) (TBS300, Tanita Corp., Tokyo, Japan). The
scale was calibrated for each measure according to the
manufacturer’s instructions, and under standard criteria
for the classification of obesity and morbid obesity [35].

Endurance performance and muscle strength

The day after the metabolic measurements, the physical
condition of the participants in both groups was measured
by endurance and muscle strength testing. First, a 6-
minute walk test (6MWT) was used to estimate CRF, as
described previously [8]. The test was performed in a
closed space on a flat surface (30-m long), with two
reflective cones placed at the ends to indicate the distance.
During the test, participants were assisted with in-
structions by an exercise physiologist.

Second, the maximum dynamic muscular strength was
estimated indirectly through the Brzycki formula [11], with
fewer than 12 maximum repetitions (1RM) of the bicep
curl exercise (1RMgc) using a metal Z-style bar. Finally, the
mean handgrip strength (HGS) was determined with a
dynamometer (Baseline® Hydraulic Hand Dynamometers,

Table 1 Characteristics of resistant training program.

NextGen Ergonomics Inc., Quebec, Canada), according to
standard procedures [30].

Non-responder classification

Following the original studies of exercise interventions
[10], the participants who failed to respond to exercise
training were categorized as non-responders, and their
prevalence was calculated using the typical error (TE)
measurement by the following equation:

TE=SDqy / V2

where SDgyy is the variance (standard deviation) in the dif-
ference scores observed between the 2 repeats of each test.
A non-responder was defined as someone who failed to
demonstrate an increase or decrease (in favour of beneficial
changes) that was greater than 2 times the TE from zero.
This mean that responders were located after the 2 TE to
body mass, waist circumference, SBP/DBP, fasting glucose,
and triglycerides, and a non-responder was into this range.
By contrast, in HDL-C a non-responder was that participant
who decreased more than 2 TE. Thus, a change greater than
2 times the TE in favour of beneficial effects (ie., re-
sponders) indicates a high probability (i.e., 12 to 1 odds) that
this response is a true physiological adaptation beyond
what might be expected from technical or biological vari-
ability. Following this, the TE calculated were as follows
according with the main outcomes (body mass 2xTE 6.9 kg,
waist circumference 2XTE = 2.0 cm, SBP/DBP 2xTE = 8.0/
49 mmHg, fasting glucose 2XTE = 7.0 mg/dL, HDL-C
2XTE = 5.0 mg/dL, TG 2xTE = 24.6 mg/dL).

Data analysis

Data are presented as the mean (95% confidence interval
[CI]) in Table 1 and as the mean 4+ SEM in the figures.
Normality and homoscedasticity assumptions for all data
were analysed using the Shapiro—Wilk test and Levene’s
test, respectively. Student’s t test was used to identify
differences at baseline. We also calculated the delta change
of each outcome and compared the adaptations between
both groups. A repeated measures two-way (group, time)
analysis of variance was applied to assess the occurrence

Weeks Intensity (¥1RM) Reps Sets (min) Sets Rest(min) Exercises Warm-up (min) Cool down (min) Duration (min)
1-2 40 20-25 1 3 2.0 4 10 5 60
3—4 40-50 25-30 1 3 2.0 5 10 5 60
5—6 45-50 30 1 3 1.5 5 10 5 60
7-8 45-50 30-35 1 3 1.5 5 10 5 60
9—-10 50-55 25-30 1 3 1.5 6 10 5 60
11-12 50-55 25-30 1 3 1.5 6 10 5 60
13—14 50-55 30 1 3 1.0 6 10 5 60
15-16 50-55 30-35 1 3 1.0 6 10 5 60
17-18 55 30-35 1 3 1.0 7 10 5 60
19-20 55-60 30-35 1 3 1.0 8 10 5 60

(%1RM) percentage of the one maximum repetition strength test.
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of an actual training effect (i.e., P < 0.05 for the interaction
[group x time] for the different study outcomes). Student’s
t test was applied for each delta comparison. Additionally,
Cohen’s d test was used to detect effect size, using the
threshold values of <0.49, 0.50 to 0.79, and >0.80 for
small, moderate, and large effects, respectively [23], with
95% Cls. All statistical analyses were performed with SPSS
statistical software version 18 (SPSS™ Inc., Chicago, IL). The
alpha level was set at P < 0.05 for statistical significance.

Results
Baseline characteristics

At baseline (Table 2 and Figs. 2—4), no differences were
found between the CO and MO groups in height, car-

performance, although subjects in the CO group were
significantly older than those in the MO group (47.2 years
[95% CI; 32.3, 62.2] and 37.3 years [95% CI; 30.5, 44.1],
respectively) (P < 0.0001). As expected, body mass was
significantly lower in the CO group than in the MO group
(99.1 £7.6 vs.123.4 & 22.8 kg), as was waist circumference
(116.9 4 5.2 vs. 135.9 + 15.4 cm) and BMI (37.0 4 2.1 vs.
465 + 6.3 kg/m?) (P < 0.05). There was significant
training-induce effects after intervention in BMI
comparing the MO vs. CO group at P < 00001. In addition,
the MO group presented significantly greater 1RMpc values
than the CO group (26.0 + 8.8 kg vs. 19.6 + 6.6 kg).

Anthropometric measurements

Anthropometric outcomes are shown in Fig. 2 (panels

diometabolic risk outcomes, HGS or endurance a—d). Body mass was significantly reduced both in the CO
Table 2 Baseline characteristics of the participants.
Time co MO CO vs. MOt ACO vs. AMOf}
(N=17) (N = 14) Baseline
Mean (95%CI) Mean (95%CI)
Anthropometric
Age (y) Pre 47.2 (32.3,62.2) 37.3 (30.5, 44.1) P < 0.0001
Height (m) Pre 1.63 (1.59, 1.67) 1.62 (1.58, 1.66) P = 0511
Body mass index (kg/m?) Pre 37.0 (35.0, 38.9) 46.5 (42.9, 50.2) P = 0.017
Post 35.6 (32.9, 38.3) 423 (39.1, 45.4)"**
P value P = 0.056 P < 0.0001
ABMI ~1.4(-2.6,-0.1) —42(-54, -3.1) P < 0.0001
ES (95%CI)  —0.48 (—0.85, —0.12)* —0.70 (—0.85, —0.55)%
Metabolic
Total cholesterol (mg/dL) Pre 225.7 (169.8, 281.5) 197.1 (168.2, 226.0) P = 0219 P = 0271
Post 213.1 (167.4, 258.7) 189.5 (165.4, 213.6)
P value P = 0.380 P = 0.453
ATC —12.5(-38.2, 13.0) —-7.5(=31.0, 15.8) P = 0271
ES (95%CI)  —0.16 (—0.41, 0.09) —0.12 (—0.52, 0.28)*
Low-density lipoproteins (mg/dL) Pre 111.7 (81.2, 142.2) 122.5 (99.4, 145.6) P = 0.611
Post 106.2 (68.0, 144.4) 114.6 (95.8, 133.4)
P value P = 0.593 P = 0.276
ALDL-C —5.4 (—24.5, 13.6) —7.9(—244, 8.6) P = 0210
ES (95%CI)  —0.16 (—0.51, 0.19)* —0.13 (=0.49, 0.22)*
Endurance performance
6MWT (m) Pre 555.0 (502.4, 607.5) 565.0 (535.0, 595.0) P = 0.781
Post 645.7 (540.7, 750.7)** 620.8 (591.2, 650.4)***
P value P < 0.001 P < 0.0001
ABMwt +90.7 (6.3, 175.0) +55.8 (40.8, 70.8) P = 0.166
ES (95%CI)  0.88 (0.24, 1.52)* 1.00 (0.77, 1.23)*
Muscle strength
1RMgc (kg) Pre 19.5 (13.4, 25.6) 26.0 (20.9, 31.0) P < 0.033
Post 24.7 (15.7, 33.7)* 29.2 (255, 32.8)
P value P = 0.020 P = 0.036
ATRMpc +5.1 (0.6, 9.6) +3.2(-3.0,9.5) P = 0.391
ES (95%CI)  0.52 (0.24, 0.80)% 0.50 (—0.09, 1.10)%
Mean HGS (kg) Pre 37.1(26.4, 47.8) 38.8 (29.9, 48.6) P = 0391
Post 41.8 (27.1, 56.5)* 36.5 (28.0, 44.9)
P value P = 0.021 P = 0.457
AHGS +4.7 (1.4, 10.8) —2.3(-10.0, 5.3) P = 0.121

ES (95%CI)

0.24 (0.01, 0.48)*

—0.06 (—0.40, 0.28)*

Data are presented in mean and (95%CI). Groups are described as (CO) Control obese group and (MO) Morbid obese group. (6MWT) Six minutes
walking test. (1RMBC) One maximum repetition strength test of biceps curl. (HGS) Handgrip muscle strength in mean of both arms. (*) Denotes
significant pre-post differences at P < 0.05. (**) Denotes significant pre-post differences at P < 0.001. (***) Denotes significant pre-post differences
at P < 0.0001 by 2-way ANOVA analyses. (#) Denotes interaction groups X time statistically significant at P < 0.0001. () Delta changes are
compared by Student ¢ test. (ES) Cohen d Effect size. ($) Denotes small [<0.49] effect size, (&) Denotes medium [0.50 to 0.79] effect size, and (¥)

Denotes large statistical [>0.80] effect size.
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Figure 2 Body mass and waist circumference pre-post (a and ¢), and delta changes (b and d) in control obese and morbid obese patients par-
ticipants of a 20-week resistance training program. Groups are presented as (CO) control obese group, (MO) morbid obese group. (WC) Waist
circumference. (*) Denotes significant pre-post differences at P < 0.0001. (***) Denotes significant pre-post differences at P < 0.0001. (#) Denotes
interaction groups x time statistically significant at P < 0.05. (ES) Cohen d effect size. ($) Denotes small [<0.49] effect size, (&) Denotes medium [0.50
to 0.79] effect size. (1) Denotes significant differences vs. CO group at P < 0.001.

(99.1 + 76 vs. 953 + 85 kg, P < 0.05) and the MO
(123.4 4 22.8 vs. 111.6 + 19.9 kg, P < 0.0001) group after
the intervention. There was a major statistical training-
induce effects in body mass in the MO group Fig. 2
(panel a). There was a significant training-induce effects
in body mass between MO vs. CO group after intervention
at P < 0.0001. Body mass decrease was significantly greater
in the MO group than in the CO group when expressed as a
delta value (ABody mass —9.4 kg in the MO group and

-39 kg in the CO group, P < 0.001). Similarly, waist
circumference was significantly reduced in CO (116.9 & 5.2
vs. 1143 4+ 4.8 cm, P < 0.05) and MO (135.9 & 15.4 vs.
125.9 + 11.8 cm, P < 0.0001) groups. There was a major
statistical training-induce effects in waist circumference in
the MO group at P < 0.0001, with additionally greater delta
changes observed in the MO group (AWC —10.1 vs. 2.6 cm,
in the MO group and the CO group, respectively,
P < 0.001), Fig. 2 (panel c and d) respectively.
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CO group at P < 0.001.

Determinants of MetS

Blood pressure results are shown in Fig. 3 (panels a—d).
Both groups showed a significant decrease in SBP (CO:
130.6 + 18.1 vs. 125.0 &+ 7.5 mmHg, P < 0.01 and MO:
134.4 +£13.9 v5.124.1 +-9.4 mmHg, P < 0.0001) after the RT
program. There was a major statistical training-induce
effects in SBP in the MO group at P < 0.01, Fig. 3 (panel
a) and this effect was significantly greater in the MO group

than in the CO group by the delta changes (ASBP 104 vs.
5.6 mmHg, respectively, P < 0.001), Fig. 3 (panel b). DBP
decreased only in the MO group (82.8 + 11.0 vs.
76.0 + 9.5 mmHg, P < 0.0001). There was a major statis-
tical training-induce effects in DBP in the MO group at
P < 0.0001, Fig. 3 (panel c). By delta changes, there were
superior effects in DBP in MO group (ADBP 7.0 vs.
1.9 mmHg to MO and CO group, respectively, P < 0.001),
Fig. 3 (panel d). Fasting blood glucose was also significantly
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decreased following the training program in both groups
(CO: 106.1 +16.1 vs. 96.9 4+ 9.9 mg/dL; P < 0.0001 and MO:
105.4 + 19.2 vs. 101.3 + 16.8 mg/dL; P < 0.001) (Fig. 4,
panel a). There was a major statistical training-induce ef-
fects in fasting glucose between MO vs. CO group at
P = 0.021, Fig. 4 (panel a) and the reduction by delta
changes was greater in the CO group (AFGL 9.3 vs. 41 mg/
dL, P < 0.001, Fig. 4, panel b). Regarding HDL-C, there was a
significant increase only in the MO group comparing pre
vs. post test (43.3 &+ 9.4 vs. 444 + 9.7 mg/dL, P < 0.05,
Fig. 4, panel c), whereas the delta changes were not
significantly different between the groups (Fig. 4, panel d).
In addition, both the CO (148.6 & 45.3 vs.132.9 + 44.1 mg/
dL) and the MO (141.9 + 53.6 vs. 113.1 +42.5 mg/dL) group
showed significant decreases in triglycerides at P < 0.0001,
Fig. 4 (panel e). There was a major statistical training-
induce effects in triglycerides in the MO vs. CO group at
P < 0.0001, Fig. 4 (panel e) with a greater effect by delta
changes observed in the MO group (ATG -28.9 vs.
—15.7 mg/dL, P < 0.001, Fig. 4 (panel f). No significant
changes were observed in total cholesterol or LDL-C in
either group (Table 2).

Endurance performance and muscle strength

Data on endurance performance and muscle strength are
shown in Table 2. Endurance performance, determined by
the distance walked during the 6MWT significantly
improved in both groups (CO: 555 & 57 m vs. 646 4+ 114 m;
P < 0.001 and MO: 565 4+ 52 mvs. 621 51 m; P < 0.0001),
with no significant differences between the groups (Table
2). Regarding muscle strength, both groups showed a
significant improvement in 1RMgc (CO: 19.6 &+ 6.6 vs.
24.7 £ 9.7 kg and MO: 26.0 + 8.8 vs. 29.2 + 6.4 kg;
P < 0.05), whereas HGS was significantly increased only in
the CO group (37.1 +£11.6 vs. 41.9 + 15.9 kg, P < 0.05). The
observed changes in 1 RMpc and HGS were not signifi-
cantly different between the groups.

Prevalence of non-responders

There were significant differences in the prevalence of
non-responders in the context of body mass between the
CO and MO groups (71.4 vs. 21.4%, respectively, P < 0.05)
(Fig. 5, panels a and b), and a trend towards the same in
terms of waist circumference (85.4 vs. 42.8%, respectively,
P = 0.061) (Fig. 5, panels c and d) and BMI (71.4 vs. 28.6%,
respectively, P = 0.061). No significant differences were
observed in the prevalence of non-responders in the other
assessed outcomes (Figs. 6 and 7). The odds ratio (OR) of
the non-responder prevalence revealed a high risk (>2-
fold) for body mass (OR: 3.3) and waist circumference
(OR: 2.0) (see Fig. 5).

Discussion

The aim of the present study was to determine the effects of a
RT program in preventing/attenuating MetS in patients with
morbid obesity. A second aim was to report the prevalence of

non-responders in terms of improvements in MetS markers
and related co-variables. The main results of the study are
that determinants of MetS including waist circumference,
SBP, DBP, fasting glucose, and triglycerides, are all signifi-
cantly reduced following a 20-week RT program in both
subjects with obesity or morbid obesity. Also, there was no
overall difference in the prevalence of non-responders in
terms of improvements in MetS outcomes (in exception of
body mass which is not considered a MetS criteria) after the
20-week intervention. These findings were observed in
parallel with decreases in body mass A —3.9, A —9.4 kg, in-
creases in the distance walked in the 6MWT A +90.7, A
+55.8 m, and increases in muscle strength tested by the
1RMgc A +5.1, A +3.2 kg for the CO and MO group, respec-
tively, although handgrip strength increased only in the CO
group A +4.7 kg (see Table. 2).

In a previous study in obese men [27], the authors re-
ported that a 12-week RT program (3 times weekly,
60 min/session, 17 strength exercises at 60—70% 1RM in-
tensity) did not significantly modify the anthropometric
parameters body mass A +0.3 kg and fat mass A —0.5%, but
did lead to significant decreases in both SBP A —12.3 and
DBP A —11.2 mmHg, and also an increase in muscle
strength in the 1RM bench press A +17.3 kg, [33.3%] and
leg press A +55.5 kg, [+31.7%]. Another study in young
men with overweight and obesity [32] found that 12
weeks of RT (3 sessions per week, 2—3 sets, 12—15 repe-
titions at 100% of 8—12RM to 100% of 6—8RM) significantly
reduced the total and trunk fat mass while increasing the
fat-free mass (i.e., muscle). Interestingly, while this RT
study failed to change fasting glucose levels, it improved
insulin sensitivity measured by the euglycemic-
hyperinsulinemic clamp A +1.6, improving thus glucose
control. In the present study, we observed more robust
body mass reductions in morbid obese patients A —9.4 kg
with a longer training period than the aforementioned
studies (8 weeks more), and similar decreases in SBP and
DBP in the MO group A —10.4 and —7.0 mmHg. These re-
sults show that irrespective of the RT configuration, a
larger volume of exercise can promote additional benefits
for the MetS in this patient population.

A recent study investigated the preservation of muscle
mass after intentional weight loss in overweight and obese
older adults using a 10-week RT program (3 sessions per
week, 2—3 sets of 50 s, 10 exercises) in combination with a
hypocaloric diet [i.e., 600 kcal below estimated energy
needs] [37]. The authors found body mass reduction by
diet alone A —2.1 kg, exercise A —2.6 kg, or the combina-
tion of both A —2.0 kg. Interestingly, the authors noted a
significant increase in fat-free mass A +0.2 kg after the
combined strategy, which was not detected in the groups
on diet or RT alone [37]. It is widely accepted that RT
prevents muscle mass loss in association with either diet
or after bariatric by-pass surgery, promoting a negative
energy balance and thus contributing to body weight
maintenance and an overall reduction in MetS risk factors
[14]. Thus, independently of weight loss, this RT program
benefit patients with morbid obesity by improving rele-
vant cardiometabolic risk factors for MetS, such as waist
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Figure 4 Fasting glucose (a), high-density lipoproteins (c), triglycerides (e), and delta changes (b, d and f) in control obese and morbid obese
participants of a 20-week resistance training program. Groups are presented as (CO) control obese group, (MO) morbid obese group. (FGL) Fasting
glucose, (HDL-C) high-density lipoproteins, and (TG) triglycerides. (*) Denotes significant pre-post differences at P < 0.05. (**) Denotes significant
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circumference A —10.1 cm, SBP/DBP A —10.4/—7.0 mmHg,
and decrease triglycerides A —28.9 mg/dL, and as this
findings were in addition with increases the 1RMgc muscle
strength, we speculate that potential muscle mass in-
creases as shown previously in older adults with obesity
[38] can be related.

A study comparing aerobic training and RT in over-
weight and obese men [22] showed that 12 weeks of RT (5
sessions per week, 4 sets of 8—12 repetitions at 10-RM) in
5 muscle groups significantly decreased waist circumfer-
ence A —2.6 cm, do not modified fasting glucose, increased
HDL-C A 4.2 mg/dL, but increased triglycerides A 9.8 mg/
dL. These results were in additional increases in the resting
respiratory exchange ratio as compared with aerobic
training, which reflects improved fat oxidation capacity.
Thus, our 20-week RT program in morbid obese show

greater effects in improving cardiometabolic risk factors
for avoiding MetS. On the other hand, our results report
more improvements in the distance walked in the 6GMWT
and in the 1RMjgc can be attributed to both fat mass loss
and improved muscle function. Indeed, it has been previ-
ously shown that endurance performance and muscle
strength improvements are key factors for continuing the
adherence to exercise in obesity state [34].

Burd et al. demonstrated that four sets of low-load,
high-volume resistance exercise (a low relative 1RM in-
tensity ~30% 1RM) with a high number of repetitions or
until reaching volitional failure, is as effective as high-load
(90% 1RM), low-volume resistance exercise in eliciting
skeletal muscle myofibrillar protein synthesis secondary to
sustained activation of mTOR-induced protein synthesis
[12]. Likewise, although muscle mass was not directly

pre-post differences at P < 0.001. (***) Denotes significant pre-post differences at P < 0.0001. (i, #) Denotes interaction groups x time statistically
significant at P < 0.0001, and P < 0.01 respectively. (ES) Cohen d effect size. ($) Denotes small [<0.49] effect size, (&) Denotes medium [0.50 to 0.79]

effect size. (1) Denotes significant differences vs. CO group at P < 0.001.
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measured in the present study, increases in the 1RMpc in
the MO group suggest that RT contributes to preserve
muscle mass in these participants. It is important to note
that although subjects in the MO group were characterized
by morbid obesity, their metabolic profile was not severely
altered, with borderline values for fasting glycemia, resting
blood pressure, total cholesterol and LDL-C. That said, we
observed that these parameters were profoundly affected
following the intervention in both groups, and with
further improvements in fasting glucose and HDL-C
observed only in the MO group. In addition, we have
found at level of the waist circumference, SBP/DBP, fasting
glucose, and triglycerides a superior training-induce ef-
fects in favour of the MO group. These changes highlight
the choice of RT-programs in order of promoting addi-
tional beneficial changes for improving MetS outcomes
together with improving traditional outcomes such as
decreasing weight in this major seek group.

With the exception of body mass, we found no dif-
ferences in the prevalence of non-responders between

control obese and morbid obese patients for improving
MetS outcomes. In body composition outcomes [20], has
previously reported that 7.2% of participants were non-
responders for a decrease in waist circumference. In
other studies, and at cardiovascular level [29], reported
that after 6-months of RT (8—12 repetitions, 8 exercises,
70—85% of 1RM, 3 days/week) there was a 60.9% of par-
ticipants non-responders to decrease SBP, and a 59.1% to
decrease DBP. More recently, we showed that the preva-
lence of non-responders for changes in DBP was different
between pre-hypertensive patients (11.4%) and healthy
subjects (68.8%) [4]. At metabolic outcomes, previous
studies have shown that the prevalence of non-
responders for reducing fasting glucose after 12-weeks
under a similar RT protocol was of 47% [2] in compari-
son with the present study (CO 49.4; MO group 57.7%),
being the nonresponders prevalence in agreement with
previous findings. Little information is available for non-
responders for HDL-cholesterol and triglycerides, where
this study is adding.
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Strengths and limitations

The limitations of the present study were the increased
age in the MO group, and the small final sample in the
control group. A strength of this study was that we

included not only MetS markers but also other anthropo-
metric, metabolic, endurance performance, and muscle
strength outcomes that are relevant to this morbid obesity
cohort and for clinicians managing additional morbidity
control in bariatric surgery patients.
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In summary, RT promotes a higher degree of improve-
ment in MetS risk factors such as waist circumference,
blood pressure and plasma triglycerides in the morbid
obese than in obese control peers (with the exception of
fasting glucose), with no differences in the prevalence of
non-responders for improving MetS risk factors.
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