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Abstract

Background: Increased peak oxygen consumption (VO2peak) can reduce cardiovascular risks associated with obesity. Our aim was to analyze the
effect of a weight loss program on cardiovascular fitness in overweight (W) and obese (O) subjects.
Methods: One hundred and sixty-seven subjects (77 males and 90 females), aged 18–50 years, performed a modified Bruce protocol before (pre)
and after (post) a weight loss program of 24 weeks. This program combined physical training (strength, S; endurance, E; combined
strength + endurance, SE; or physical activity recommendation, PA) 3 times per week, with a 25%–30% caloric restriction diet.
Results: VO2peak improved in overweight and obese males (pre and post values in L/min, respectively; W = 3.2 ± 0.6 vs. 3.7 ± 0.5, p < 0.001;
O = 3.6 ± 0.6 vs. 3.8 ± 0.6, p = 0.013) as well as in overweight females (2.0 ± 0.3 vs. 2.3 ± 0.4, p < 0.001). VO2peak in the first ventilatory threshold
(VT1) increased for all 4 interventions in males (p < 0.05), except for S in the obese group (1.6 ± 0.2 vs. 1.7 ± 0.3, p = 0.141). In females, it
increased in E (0.9 ± 0.2 vs. 1.4 ± 0.3, p < 0.001), SE (0.9 ± 0.2 vs. 1.2 ± 0.4, p = 0.003), and PA (0.9 ± 0.1 vs. 1.2 ± 0.2, p = 0.006) in overweight
groups. Time-to-exhaustion improved in all subjects except for females in PA group (15.7 ± 0.3 min vs. 15.9 ± 0.3 min, p = 0.495).
Conclusion: Our results suggest that all methods, including the recommendation of physical activity, can improve cardiovascular fitness in
overweight subjects and obese males.
© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

From a clinical point of view, obesity is associated with
many comorbidities and represents an important health
problem.1 Studies have suggested that lower aerobic fitness is
also associated with a less favorable coronary or cardiovascular
risk factor profile and an increase in peak oxygen consumption
(VO2peak) in the amount of 1 metabolic equivalent, correlated
with a 13% reduction of all-cause mortality as well as with

a 15% decrease in cardiovascular risk.2,3 In general, obese
individuals have lower cardiovascular fitness than lean
counterparts.4 Results suggest that increased fitness could
reduce the risks associated with obesity.5

Data regarding the effect of different training methods
for improving cardiovascular fitness in obese subjects are
still inconsistent. Some found improvements in VO2peak only
with aerobic and/or combined (aerobic/resistance) training,6–10

whereas others also found improvements applying resistance
training.11–17 Aerobic training promotes changes in aerobic
capacity, increasing mitochondrial oxidative capacities and cap-
illary density in skeletal muscle,18 whereas resistance training
increases muscle mass, which should increase maximal
aerobic capacity.19 Therefore, it is reasonable to suggest that
both types of training together can contribute to the improve-
ment in cardiorespiratory fitness. In fact, many authors have
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found combined training to have a greater influence on cardio-
respiratory response.20,21 However, the comparison among
studies is difficult owing to the different training methodologies
used. It is therefore still unknown which method is the one
achieving greatest enhancements.20 Along this line, and to the
best of our knowledge, no study has compared the effects of
different training methods applying the same volume and inten-
sity, and therefore assuring that the distinct results were due
only to the change in the type of training. In addition, there is
little literature about circuit training, which has been used in
many fitness centers for some years. There are also few studies
reporting data regarding aerobic and anaerobic threshold
changes after a weight loss program.8,22,23 These data could
uncover interesting information about the cardiovascular fitness
response of overweight and obese people following this kind of
program. The improvement in these parameters is also related
to a longer duration of exercise in the same intensity and con-
sequently a longer period of fatty acid oxidation or increased
intensity of exercise, which can ensure excess post-exercise
oxygen consumption and contribute to weight loss.24,25 Finally,
some authors have suggested that if dietary intervention is
associated with the training program, VO2peak will improve even
more.26

Therefore, the main objective of this study was to analyze
the effect of a weight loss program on cardiovascular fitness
in overweight and obese subjects, comparing the effectiveness
of isolated and combined aerobic and resistance training on
VO2peak.

2. Methods

2.1. Participants

This study was performed as part of the Nutrition and Physi-
cal Activity for Obesity Study (the PRONAF study according to
its Spanish initials), the aim of which was to assess the usefulness
of different types of physical activity (PA) and nutrition programs
for the treatment of obesity. The inclusion criteria specified adult
subjects, aged 18 to 50 years, who were overweight or obese
(25 kg/m2 ≤ body mass index (BMI) ≤ 34.9 kg/m2), sedentary
(PA < 30 min/day), normoglycemic, and non-smoking. Only
females with regular menstrual cycles were included. A total of
167 participants (77 males and 90 females) completed all the
tests. Adherence to diet (80%) and exercise (90%) were included
in the analysis. All participants were informed about the risks and
benefits of the study and signed a document of informed consent.
The PRONAF study was approved by the Human Research
Review Committee of the University Hospital La Paz (HULP)
(No. NCT01116856).

2.2. Study protocol

The complete methodology and the flow diagram can be
found in Zapico et al.27 Briefly, subjects who fulfilled the inclu-
sion criteria were randomly assigned to 1 of the 4 interventions
detailed here, assuring a homogeneous distribution of age and
gender among groups. The intervention programs lasted 22
weeks, and the assessment tests took place 1 week before (base-
line) and after (post) the intervention.

2.2.1. Exercise protocols
Four different interventions were performed: strength train-

ing (S), endurance training (E), combined strength + endurance
training (SE) groups followed the corresponding supervised
exercise program plus the dietary intervention, and the PA
group followed dietary intervention and was instructed
about the general recommendations about PA from the
American College of Sports Medicine (ACSM).5 The exercise
of the PA group was not supervised, only registered with an
accelerometer.

Subjects in the S, E, and SE groups trained 3 times per week
for 22 weeks. All training sessions were carefully supervised
by certified personal trainers. The exercise programs were
designed according to the subject’s muscle strength and
heart rate reserve. Muscle strength was measured using the
15-repetition maximum testing method in the S and SE groups.
Resting heart rate was calculated as the average heart rate
during 10 min in a lying position, and maximal heart rate
(HRmax) was obtained by means of the cardiovascular maximal
effort test.

In the S group the session routine consisted of the execution
of 8 scheduled exercises (i.e., shoulder press, squat, barbell row,
lateral split, bench press, front split, biceps curl, and french
press for triceps). For Group E, running, cycling, or elliptical
(self-selected) exercises were the main components of the
session routine, whereas the routine for the SE group consisted
of a combination program using cycle ergometry, treadmill, or
elliptical machine intercalated with squatting, rowing machine,
bench press, and front split.

Both volume and intensity of the 3 training programs
increased progressively (Fig. 1). The S and SE participants
performed 15 repetitions of each strength exercise or 45 of
aerobic exercise (only SE participants) with a rest period of 15
between them. Feedbacks of training loads were evaluated with
the Rate of Perceived Exertion scale once a month, following a
similar methodology used elsewhere.28

2.2.2. Hypocaloric diet
All groups underwent an individualized and hypocaloric diet

(between 1200 and 3000 kcal) prescribed by expert dieticians in
the Nutrition Department of HULP. The diet aimed for a 25%
reduction of the total daily energy expenditure measured using
the SenseWear Pro Armband accelerometer (BodyMedia Inc.,
Pittsburgh, PA, USA).

2.3. Measurements

2.3.1. Cardiovascular fitness
The test evaluating cardiovascular fitness was maximal

ergospirometry following the modified Bruce protocol with
a computerized treadmill (H/P/COSMOS 3PW 4.0; H/P/
COSMOS Sports & Medical, Nussdorf-Traunstein, Germany).
VO2peak was measured with the gas analyzer Jaeger Oxycon Pro
(Erich Jaeger; Viasys Healthcare, Hoechberg, Germany). Heart
response was continuously monitored with a 12-lead electro-
cardiogram. The effort test was maintained until exhaustion.
The mean of the 3 highest measurements was used as VO2peak

and HRmax.
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The first and the second ventilatory thresholds (VT1 and
VT2, respectively) were set at the point of maximum agreement
of the most common methods of assessment published
previously.29 All tests were evaluated by 2 researchers in a
double-blind process. VO2peak was expressed in several values:
absolute (L/min), relative to body mass (mL/kg/min), and rela-
tive to lean body mass (mL/kgLBM/min). Ventilatory thresholds
were expressed in absolute (L/min) and percentage terms of
VO2peak.

Subjects were classified in fitness categories according to
their absolute VO2peak (L/min) and age. Subjects who scored
“very poor”, “poor”, “fair”, or “average” were deemed unfit;
and subjects who scored “good”, “very good”, or “excellent”
were deemed fit in relation to age-specific norms.30

2.3.2. Body composition
Body composition was assessed by dual-energy X-ray

absorptiometry scan (Version 6.10.029GE Encore 2002, GE
Lunar Prodigy; GE Healthcare, Madison, WI, USA). Height
was measured using a seca stadiometer (Quirumed, Valencia,
Spain), which has a range of 80–200 cm. Body mass was
measured using a TANITA BC-420MA balance (Bio Lógica
Tecnología Médica S.L, Barcelona, Spain). BMI was calculated
as body weight/height (kg/m2).

2.4. Statistical analysis

Data are presented as mean ± SD. Repeated three-way analy-
sis of covariance (ANCOVA) measures were used to determine

any differences among the 4 interventions (S, E, SE, and PA) and
the BMI category (overweight and obese) at baseline and post-
intervention. Analyses were performed in men and women sepa-
rately, and age was used as covariate. The Bonferroni post hoc
test was employed to locate specific differences. Differences
between the PA group and the exercise groups in fitness category
frequencies were calculated using a χ2 test. SPSS Statistic for
Windows Version 20.0 (IBM Corp., Armonk, NY, USA) was
used. The significance level was set at α = 0.05.

3. Results

Characteristics of all participants are summarized in Table 1.
In both men and women, baseline characteristics were signifi-
cantly different between overweight and obese subjects, except
for age, height, and VO2peak values relative to body mass. No
differences were observed among the groups within the same
gender.

3.1. VO2peak

Interactions between time of measurement and BMI category
were found for absolute VO2peak values (F(1, 68) = 10.316,
p = 0.002), VO2peak values relative to body mass (F(1, 68)
= 7.714, p = 0.007), andVO2peak values relative to lean body mass
(F(1, 68) = 9.911, p = 0.002) in men (Table 2). Absolute and
relative (to body and to lean mass) VO2peak improved in
overweight and obese men. Overweight men had greater
improvement, about 12% more than obese men, in absolute

Fig. 1. Timeline of the study. E = endurance training group; HHR = heart rate reserve; PA = physical activity recommendations group; RM = repetitions maximum;
S = strength training group; SE = combined strength and endurance training group.

Table 1
Characteristics at baseline (mean ± SD).

Variable Male Female

Overweight Obese Overweight Obese

Age (year) 36.3 ± 8.0 38.6 ± 7.5 33.3 ± 8.5 38.4 ± 7.7
Body weight (kg) 87.5 ± 6.9 101.2 ± 7.9** 73.5 ± 5.8 86.3 ± 8.5**
Height (cm) 175.3 ± 6.4 176.7 ± 5.9 162.0 ± 6.1 163.0 ± 7.0
Body mass index (kg/m2) 28.4 ± 1.1 32.4 ± 1.9** 28.0 ± 1.3 32.4 ± 1.9**
Percentage fat (%) 33.7 ± 4.6 38.2 ± 4.0** 43.3 ± 3.7 47.1 ± 3.6**
Lean body mass (kg) 55.7 ± 5.5 59.8 ± 5.0* 40.3 ± 4.2 44.1 ± 4.7**
Fat mass (kg) 28.5 ± 5.2 37.2 ± 5.8** 30.7 ± 3.7 39.5 ± 6.5**
VO2peak (L/min) 3.2 ± 0.6 3.6 ± 0.6** 2.0 ± 0.3 2.5 ± 0.4**
VO2peak (mL/kg/min) 36.5 ± 1.1 36.1 ± 0.8 27.7 ± 0.5 28.2 ± 0.5

*p < 0.05, **p < 0.001, compared with overweight.
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VO2peak compared to baseline values. On the other hand,
interactions between time and BMI category for absolute VO2peak

values (F(1, 81) = 12.863, p = 0.001), relative to body mass
(F(1, 81) = 12.309, p = 0.001), andVO2peak values relative to lean
body mass (F(1, 81) = 12.951, p = 0.001) in women showed that
being overweight increased all VO2peak values. In obese females,
VO2peak values improved only relative to body mass, in general
12% less than in overweight women (Table 2). For men who
improved from unfit to fit after the intervention, 43% were in the
supervised training programs (S, E, and SE) and 38% were in PA,
whereas in females, 29.6% were in the supervised training
groups and 15.8% were in PA. However, χ2 analysis showed no
significant association between type of intervention and percent-
age changes (Table 3).

3.2. VO2 in VT1 and VT2

In males, a significant triple interaction (time–BMI category–
intervention) was found for absolute VO2 in VT1 (F(3,
68) = 3.864, p = 0.013). All 4 interventions in overweight men
increased these values (S: 43.0%, p < 0.001; E: 35.7%,
p = 0.005; SE: 15.1%, p = 0.028; PA: 47.6%, p < 0.001). This
occurred in obese men as well, except for the S group (E: 18.6%,
p = 0.012; SE: 34.2%, p < 0.001; PA: 17.8%, p = 0.007). In

females, interactions between time and BMI category (F(1,
80) = 16.328, p < 0.001) and between time and intervention
(F(3, 80) = 7.117, p < 0.001) were found for absolute VO2 in
VT1. Considering the pairwise comparison, differences between
the pre- and post-measurements were found in E (+55%,
p < 0.001), SE (+33%, p = 0.003), and PA (+33%, p = 0.006)
groups, but only for overweight women. Concerning percentage
of VO2 in VT1 with respect to VO2peak, interactions between time
and BMI category (F(1, 80) = 5.991, p = 0.017) and time and
intervention (F(3, 80) = 5.063, p = 0.003) were found only in
females. This percentage improved in overweight women in E
(38%, p < 0.001) and SE (14%, p = 0.015) groups. In males,
only time (F(1, 68) = 22.377, p < 0.001) was significant.
Regarding VT2, the main effect was observed in oxygen con-
sumption for men (F(1, 68) = 33.629, p < 0.001) and for women
(F(1, 80) = 8.849, p = 0.004). Percentage of VO2 in VT2 with
respect to the peak did not change in any group (Table 4).

3.3. Time-to-exhaustion

An interaction between time and intervention was observed
(F(3, 81) = 3.027, p = 0.034) in females, demonstrating a sig-
nificant improvement in all supervised training programs, i.e.,
S (+8.9%, p < 0.001), E (+8.5%, p < 0.001), SE (+4.4%,
p = 0.018), and PA (+1.3%, p = 0.495). In males, only time
was significant (F(1, 68) = 63.512, p < 0.001) for this variable,
i.e., S (+7.4%), E (+8.2%), SE (+10.3%), and PA (+7.1%)
(Fig. 2).

4. Discussion

The main finding of this study was that all 4 protocols were
effective in improving cardiovascular fitness in overweight and
obese males and overweight females.

Table 2
Peak oxygen consumption before and after weight loss intervention (mean ± SD).

Male Female

Overweight Obese p Observed
power

η2 Overweight Obese p Observed
power

η2

VO2peak (L/min)
Baseline 3.2 ± 0.6 3.6 ± 0.6# T < 0.001

T × G 0.171
T × BMI 0.002
T × G × BMI 0.127

>0.99
0.43
0.89
0.48

0.38
0.07
0.13
0.08

2.0 ± 0.3 2.5 ± 0.4# T < 0.001
T × G 0.308
T × BMI 0.001
T × G × BMI 0.332

0.96
0.31
0.94
0.30

0.15
0.04
0.14
0.04

Post-intervention 3.7 ± 0.5** 3.8 ± 0.6* 2.3 ± 0.4** 2.5 ± 0.4#

Δ 0.5 ± 0.4 0.2 ± 0.5 0.3 ± 0.3 −0.1 ± 0.3

VO2peak (mL/kg/min)
Baseline 37.4 ± 6.2 36.0 ± 5.9 T < 0.001

T × G 0.058
T × BMI 0.007
T × G × BMI 0.482

>0.99
0.62
0.78
0.22

0.65
0.10
0.10
0.03

27.7 ± 3.8 28.2 ± 3.3 T < 0.001
T × G 0.135
T × BMI 0.001
T × G × BMI 0.477

>0.99
0.48
0.93
0.22

0.55
0.07
0.13
0.03

Post-intervention 46.6 ± 5.6** 41.4 ± 6.9#,** 33.8 ± 5.6** 31.0 ± 4.6#,**
Δ 9.2 ± 5.7 5.4 ± 5.6 6.1 ± 4.4 2.8 ± 4.2

VO2peak (mL/kgLBM/min)
Baseline 57.9 ± 8.3 60.5 ± 8.1# T < 0.001

T × G 0.229
T × BMI 0.002
T × G × BMI 0.220

>0.99
0.37
0.87
0.38

0.41
0.06
0.13
0.06

50.7 ± 6.2 55.8 ± 6.1# T < 0.001
T × G 0.124
T × BMI 0.001
T × G × BMI 0.252

>0.99
0.49
0.94
0.36

0.22
0.07
0.14
0.05

Post-intervention 67.3 ± 6.7** 63.9 ± 7.7** 57.0 ± 8.4** 56.5 ± 7.7
Δ 9.4 ± 8.1 3.4 ± 8.3 6.3 ± 6.5 0.7 ± 7.3

Note: Data in bold for the p value indicate significant difference.
* p < 0.05, **p < 0.001, compared with baseline.
# p < 0.05, compared with overweight.
Abbreviations: BMI = body mass index classification; G = intervention group; T = time; VO2peak = peak oxygen consumption.

Table 3
VO2peak classified as fit and at baseline and post-intervention (%).

Male Female

PA SUP PA SUP

Baseline 6.0 13.0 5.3 1.4
Post-intervention 44.0 56.0 21.1 31.0
Δ 38.0 43.0 15.8 29.6

Abbreviations: PA = physical activity group; SUP = supervised training group.
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Because age and gender have been proved to modify oxygen
consumption,31,32 we performed the analysis separately by
gender and corrected for age. Another factor that influences
oxygen consumption is body mass.4 Obese subjects had

significantly lower estimated VO2peak relative to body mass than
non-obese adults but similar VO2peak to overweight subjects.4

Our data also showed similar VO2peak relative to body mass or to
lean body mass and greater absolute oxygen consumption in
obese subjects compared with overweight subjects. VO2peak

values were low in both categories of BMI and both genders.
Compared with a Norwegian study that included 3816 subjects
with heterogeneous BMI,31 our data were 20% lower in men and
25% lower in women.

Our data showed that in overweight and obese males, VO2peak

relative to body mass increased by 26.8% and 16.0%, respec-
tively, while females improved by 22.5% and 10.7%, respec-
tively. Previous studies showed lesser improvements in relative
to body mass VO2peak: between 8%33 and 17%12 for overweight
and obese individuals combining aerobic exercise with a
mild hypocaloric diet, or 5% for overweight males performing
aerobic or resistance training.11 These differences could be due
to the weight loss generated by our program, which was greater
than in those studies. As reported elsewhere, the average weight
loss in our sample was 9.6 kg,34 which could contribute to a

Table 4
Oxygen consumption in VT1 and VT2 before and after weight loss intervention (mean ± SD).

Overweight Obese p Observed
power

η2

S E SE PA S E SE PA

Male
VO2peak in VT1 (L/min) T < 0.001

T × G 0.863
T × BMI 0.177
T × G × BMI 0.013

>0.99
0.10
0.27
0.80

0.54
0.01
0.03
0.15

Baseline 1.2 ± 0.2 1.2 ± 0.1 1.5 ± 0.4 1.3 ± 0.2 1.6 ± 0.2 1.5 ± 0.2 1.6 ± 0.3 1.6 ± 0.2
Post-intervention 1.7 ± 0.2** 1.6 ± 0.4* 1.7 ± 0.3* 1.9 ± 0.4** 1.7 ± 0.3 1.8 ± 0.3* 2.1 ± 0.2#,** 1.8 ± 0.4*
Δ 0.5 ± 0.2 0.4 ± 0.4 0.2 ± 0.3 0.6 ± 0.3 0.1 ± 0.1- 0.3 ± 0.3 0.5 ± 0.3 0.3 ± 0.4
VO2peak in VT1 (%) T < 0.001

T × G 0.619
T × BMI 0.976
T × G × BMI 0.152

>0.99
0.17
0.05
0.45

0.25
0.03
0.00
0.07

Baseline 38.9 ± 3.1 37.9 ± 2.9 44.9 ± 2.2 42.6 ± 3.2 42.8 ± 2.1 46.1 ± 2.4 42.6 ± 2.3 43.7 ± 2.2
Post-intervention 46.1 ± 2.9 45.3 ± 2.7 44.1 ± 2.0 52.3 ± 2.9 45.9 ± 2.0 51.0 ± 2.2 50.9 ± 2.1 50.4 ± 2.1
Δ 7.2 ± 4.2 7.4 ± 3.9 −0.8 ± 3.0 9.7 ± 4.3 3.1 ± 2.9 4.9 ± 3.3 8.3 ± 3.1 6.7 ± 3.0
VO2peak in VT2 (L/min) T < 0.001

T × G 0.311
T × BMI 0.234
T × G × BMI 0.093

>0.99
0.31
0.22
0.54

0.33
0.05
0.02
0.09

Baseline 2.6 ± 0.7 2.7 ± 0.3 2.6 ± 0.5 2.6 ± 0.6 3.2 ± 0.7 2.6 ± 0.4 2.9 ± 0.5 2.9 ± 0.5
Post-intervention 3.3 ± 0.6 3.0 ± 0.5 3.2 ± 0.9 2.9 ± 0.7 3.1 ± 0.6 3.0 ± 0.4 3.5 ± 0.6 3.2 ± 0.5
Δ 0.8 ± 0.3 0.3 ± 0.5 0.6 ± 1.0 0.3 ± 0.2 −0.2 ± 0.3 0.4 ± 0.3 0.6 ± 0.6 0.2 ± 0.4
VO2peak in VT2 (%) T = 0.149

T × G 0.928
T × BMI 0.470
T × G × BMI 0.627

0.30
0.08
0.11
0.16

0.03
0.01
0.01
0.02

Baseline 80.4 ± 4.0 84.6 ± 3.7 80.5 ± 2.8 83.5 ± 4.1 82.5 ± 2.7 79.0 ± 3.1 79.4 ± 3.0 81.8 ± 2.8
Post-intervention 86.2 ± 5.7 84.0 ± 5.3 85.0 ± 4.0 79.7 ± 5.8 83.1 ± 3.9 85.9 ± 4.4 84.6 ± 4.2 87.6 ± 4.0
Δ 5.8 ± 7.2 −0.6 ± 6.7 4.5 ± 5.1 −3.7 ± 7.3 0.6 ± 4.9 6.9 ± 5.6 5.2 ± 5.3 5.8 ± 5.1
Female
VO2peak in VT1 (L/min) T < 0.001

T × G < 0.001
T × BMI < 0.001
T × G × BMI 0.146

>0.99
0.98
0.98
0.46

0.30
0.21
0.17
0.06

Baseline 1.0 ± 0.2 0.9 ± 0.2# 0.9 ± 0.2 0.9 ± 0.1 1.4 ± 0.2 1.2 ± 0.2 1.3 ± 0.2 1.2 ± 0.3
Post-intervention 1.1 ± 0.3 1.4 ± 0.3** 1.2 ± 0.4* 1.2 ± 0.2* 1.3 ± 0.3 1.3 ± 0.3 1.4 ± 0.2 1.2 ± 0.2
Δ 1 0.5 ± 0.3 0.3 ± 0.3 0.2 ± 0.1 −0.1 ± 0.1 0.1 ± 0.3 0.2 ± 0.3 0.1 ± 0.2
VO2peak in VT1 (%) T < 0.001

T × G 0.003
T × BMI 0.017
T × G × BMI 0.247

0.98
0.91
0.68
0.36

0.17
0.16
0.07
0.05

Baseline 48.0 ± 2.2 43.5 ± 2.0 43.8 ± 2.5 46.7 ± 2.3 54.8 ± 2.2 49.9 ± 2.0 48.8 ± 2.2 53.7 ± 2.5
Post-intervention 49.2 ± 2.6 60.0 ± 2.4** 50.0 ± 2.9* 52.7 ± 2.8 51.0 ± 2.6 53.9 ± 2.3 54.5 ± 2.6 55.3 ± 2.9
Δ 1.2 ± 3.2 16.5 ± 2.8 6.2 ± 3.5 6.0 ± 3.3 −3.8 ± 3.2 4.0 ± 2.8 5.7 ± 3.2 1.6 ± 3.5
VO2peak in VT2 (L/min) T = 0.004

T × G 0.376
T × BMI 0.105
T × G × BMI 0.167

0.84
0.27
0.37
0.44

0.10
0.04
0.03
0.06

Baseline 1.7 ± 0.3 1.6 ± 0.2 1.5 ± 0.2 1.7 ± 0.3 2.1 ± 0.3 2.1 ± 0.4 2.1 ± 0.3 1.8 ± 0.2
Post-intervention 1.7 ± 0.4 2.0 ± 0.3 1.8 ± 0.6 1.7 ± 0.3 2.1 ± 0.4 2.1 ± 0.4 2.2 ± 0.3 2.0 ± 0.3
Δ 0.0 ± 0.3 0.3 ± 0.3 0.2 ± 0.4 0.1 ± 0.4 −0.0 ± 0.3 −0.0 ± 0.5 0.1 ± 0.3 0.1 ± 0.1
VO2peak in VT2 (%) T = 0.836

T × G 0.966
T × BMI 0.251
T × G × BMI 0.464

0.05
0.06
0.21
0.23

<0.01
<0.01

0.02
0.03

Baseline 82.5 ± 2.2 82.3 ± 2.0 77.2 ± 2.5 82.5 ± 2.3 83.7 ± 2.2 85.9 ± 2.0 80.7 ± 2.2 83.3 ± 2.5
Post-intervention 80.6 ± 2.9 84.6 ± 2.6 76.2 ± 3.2 78.1 ± 3.1 85.2 ± 2.9 84.8 ± 2.6 84.4 ± 2.9 86.7 ± 3.2
Δ −1.9 ± 3.8 2.3 ± 3.4 −1.0 ± 4.2 −4.4 ± 4.0 1.5 ± 3.8 −1.1 ± 3.4 3.7 ± 3.8 3.4 ± 4.2

Note: Data in bold for the p value indicate significant difference.
* p < 0.05, **p < 0.001, compared with baseline.
# p < 0.05, compared with S group.
Abbreviations: BMI = body mass index classification; E = endurance training group; G = intervention group; PA = physical activity recommendations group; S = strength training group;
SE = combined strength + endurance training group; T = time; VO2peak = peak oxygen consumption; VT1 = aerobic ventilatory threshold; VT2 = anaerobic ventilatory threshold or respiratory
compensation point physical activity.

Fig. 2. Time-to-exhaustion delta in minutes. Error bars represent one standard
error of the mean. *p < 0.05, **p < 0.001, baseline–post differences; #p < 0.05,
compared with PA group in female. E = endurance training group; PA =
physical activity recommendation group; S = strength training group; SE =
combined strength + endurance training group.
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considerable improvement in oxygen consumption relative to
body mass. For instance, our data indicated that absolute VO2peak

did not increase in obese females, whereas its relative value
improved, most likely as a result of weight loss and not cardio-
respiratory adaptations. Therefore, in a weight loss program, it
seems to be more interesting to evaluate cardiovascular fitness
by means of absolute VO2peak. Wheatley et al.35 observed that
females presented limitations in cardiac performance and dem-
onstrated that females need greater cardiac output than males to
meet the same external work demand.

Another study in obese adolescents showed that gender differ-
ences exist in VO2 uptake on-kinetics during moderate exercise,
indicating an enhanced potential for male subjects to deliver
and/or use oxygen.36 Greater volume and intensity could be nec-
essary to promote cardiovascular changes in obese women.

Our data also showed that all interventions were effective
for improving VO2peak in overweight males and females and in
obese males, which is in accordance with other studies.11,13,15,16

Several studies found significant increases in VO2peak only for
aerobic and/or combined training. However, in these studies,
strength training involved shorter sessions6,8,13,15 or fewer ses-
sions than did aerobic or combined training.7,14 In our study,
intensity and volume were monitored to ensure the comparison
among the different types of training, and the control of these
parameters may have been responsible for the lack of differ-
ences. Finally, caloric restriction in our study appeared to be
appropriate to allow an oxygen consumption increase, because
significant increase in VO2max can be achieved only by moderate
energy intake preservation.14

Although oxygen consumption is the most-used cardiovas-
cular variable to measure the response to training, other vari-
ables may also provide important or interesting information.
Few studies have assessed responses of thresholds, ventilation,
and other cardiorespiratory parameters.23 PA performed at mod-
erate intensity causes changes in VT1,37 which agrees with the
training loads applied. In the same way as for VO2peak, obese
women did not show an improvement in the absolute and rela-
tive values to lean mass oxygen consumption in VT1. Unlike the
study by Salvadori et al.,23 which did not show changes in VT1,
our data indicated that in overweight males, VO2 in VT1

improved in all interventions, as well as in overweight females
and obese males, except for the S group. Strength training may
lead to peripheral changes that could be considered antagonistic
to aerobic power development.8 As also suggested by our data
absolute and relative to lean mass VO2 in VT1 in obese people,
other studies with appropriate comparison methodologies indi-
cated increased VO2peak only for aerobic or combined training
and not for strength training.9,10 When obese men and women
were analyzed together, only the combined group showed an
improvement in absolute VO2peak.34 If we consider time commit-
ments and health benefits, combined training may be more
appropriate and less monotonous in inducing certain cardiore-
spiratory adaptations and adherence in obese people.34,38

On the other hand, no interactions were observed for VO2peak

in the VT2. Therefore, the intensity adopted does not seem
enough to cause interactions in this threshold.39 Finally, the last
parameter analyzed to predict improvement in cardiovascular

fitness was the time-to-exhaustion on a treadmill test, which
was the only parameter that improved in obese women. Even
without changes in oxygen consumption, quality of oxygen
utilization and neuromuscular adaptations caused by training
may have led to a greater ability to tolerate high workloads
(at or above the VT2) over longer periods of time before
fatigue occurred.40 Our data showed improvements in time-to-
exhaustion in overweight and obese females in S, SE, and E
groups. However, in obese females, PA did not alter oxygen
consumption or time-to-exhaustion. Interventions with exercise
seemed more effective in obese women: dropout rates in PA
were 68.4% for women and 31.6% for men. Moreover, within
our supervised training programs, the percentage of men who
improved from the unfit class to the fit class was 12.7% greater
than the percentage in women. This difference between men
and women increased to 23.0% in the PA group. Nevertheless,
it is also important to consider the learning effect of the
ergospirometry effort test, which may have influenced the find-
ings in regard to this variable because most women in this study
had never climbed on a treadmill.

Important strengths of this study include (1) the randomized
design; (2) the inclusion of 4 different training programs in the
same study combined with caloric restriction in all interven-
tions; (3) the direct supervision of exercise for all training
sessions; and (4) inclusion of appropriate programs of strength
and combined training to provide an adequate stimulus and
comparison among groups. The study is limited by the fact that
it did not include a “no treatment” control group, but rather
compared the intervention with previously described exercise
recommendations that are broadly accepted from an ethical
point of view and in clinical practice. Gains in VO2peak observed
in all interventions might have been the result of the fact that the
participants initially consented to participate in a study that
would prescribe and counsel about exercise with the goal of
increasing PA and improving fitness. Given that our supervised
programs or recommendations required only minimal training
and equipment, they could be implemented in a wide range of
PA practices.

5. Conclusion

Interventions of exercise or recommendations of PA plus
diet were effective in improving cardiovascular fitness in over-
weight males and females and obese males. Time-in-effort test
was the only variable that increased in obese females, except for
those in the PA recommendation group. Obese women seem to
need greater intensity and volume of training to achieve cardio-
vascular changes. As practice applications, aerobic training
between 50% and 60% of heart rate reserve and strength train-
ing for large muscle groups between 50% and 60% of 15
maximum repetitions, or a combination of both, 3 times per
week and conducted in a circuit, may be more appropriate to
induce adequate cardiorespiratory adaptations in obese people.
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