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Abstract
Concurrent training has been postulated as an appropriate time- efficient strat-
egy to improve physical fitness, yet whether the exercise- induced adaptations are 
similar in men and women is unknown. An unblinded randomized controlled 
trial was conducted to investigate sex- specific dose– response effects of a 24- week 
supervised concurrent exercise training program on cardiorespiratory fitness and 
muscular strength in young adults. One hundred and forty- four sedentary adults 
aged 18– 25 years were assigned to either (i) a control group (n = 54), (ii) a mod-
erate intensity exercise group (MOD- EX, n = 46), or (iii) a vigorous intensity ex-
ercise group (VIG- EX, n = 44) by unrestricted randomization. Cardiorespiratory 
fitness (VO2max), hand grip strength, and one- repetition maximum of leg press 
and bench press were evaluated at baseline and after the intervention. A total 
of 102 participants finished the intervention (Control, n = 36; 52% women, 
MOD- EX, n = 37; 70% women, and VIG- EX, n = 36; 72% women). In men, VO2max 
significantly increased in the MOD- EX (~8%) compared with the control group 
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1  |  INTRODUCTION

Physical fitness is considered an important marker of 
health in both men and women.1,2 Physical fitness is typi-
cally expressed as cardiorespiratory fitness (CRF) as well as 
muscular strength.3,4 Epidemiological investigations have 
revealed a negative correlation between cardiorespiratory 
fitness (CRF) and the risk of cardiovascular disease (CVD) 
and overall mortality among healthy individuals as well as 
in those with preexisting health conditions.5– 8 Likewise, 
there is strong evidence on that muscular strength is a 
marker of cardiovascular health4,9,10 and is inversely and 
independently associated with all- case mortality in both 
men11 and women.12

The World Health Organization 2020 guidelines on 
physical activity recommends both moderate to vigorous 
aerobic and muscle- strengthening exercises to maintain 
or even improve physical fitness and, therefore, overall 
health.13 A concurrent training (CT) intervention, which 
combines aerobic and resistance training, seems to be the 
most appropriate method to maximize physical fitness 
enhancements.14– 16 In middle- age adults, a 12- week CT 
program (i.e., moderate intensity aerobic plus resistance 
training) was effective at increasing cardiorespiratory fit-
ness (VO2max) and muscular strength.14 Moreover, a CT in-
tervention at moderate- vigorous intensity also improved 
cardiorespiratory fitness in older men and women.15 In 
young men, previous studies obtained slight improve-
ments in cardiorespiratory fitness (~9% of VO2max) and 
upper and lower body limbs muscular strength (~13% of 
1RM) after 8 weeks of moderate intensity (60%– 80% of 
1RM) CT.17,18

Whether these exercise- induced effects on cardio-
vascular and respiratory systems are similar in men and 
women has been less explored.19 Women have, on aver-
age, a 15%– 25% lower VO2max and anaerobic performance 
than men,20 which may be partially explained by the dif-
ference in body size and muscle mass.21 Hence, given the 

distinct cardiovascular and respiratory physiological traits 
exhibited by men and women, it could be postulated that 
the effects of CT on physical fitness might vary between 
the two sexes.22 Given the rising involvement of women 
in physical activity, encompassing both recreational and 
health- driven pursuits, along with the increasing interest 
in comprehending the physiological responses in female 
exercisers, there exists a compelling scientific and practi-
cal imperative to ascertain whether the influence of CT on 
physical fitness demonstrates parallel effects in both male 
and female populations. Furthermore, previous studies 
have shown sex differences in determinants and timing 
of dropout among participants of exercise interventions,22 
suggesting the need to develop more precise approaches 
for optimizing exercise adoption and adherence in men 
and women.

Considering the well- documented decline in physical 
activity levels among the general population,23 it becomes 
apparent that young adulthood could serve as a critical 
juncture for implementing and maintaining healthy exer-
cise routines.24 There is lack of studies investigating the 
existence of sex- specific effects of a CT intervention on 
cardiorespiratory fitness and muscular strength in young 
adulthood.25 Furthermore, it is also of interest to better 
understand whether higher exercise intensities differ-
entially impact physical fitness based on an individual's 
gender, as this knowledge can contribute to more tailored 
and effective exercise recommendations for both men and 
women.

Thus, this study aimed to investigate the sex- specific 
dose– response effects of a 24- week supervised CT pro-
gram on cardiorespiratory fitness and muscular strength 
in young adults. First, we hypothesize that the interven-
tion would effectively enhance physical fitness regardless 
of the individual's sex, and that vigorous CT yield greater 
improvements in cardiorespiratory fitness and muscular 
strength compared to a similar CT intervention conducted 
at a moderate intensity.
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and in the VIG- EX group after the intervention (~6.5%). In women, VO2max in-
creased in the MOD- EX and VIG- EX groups (~5.5%) compared with the control 
group after the intervention. There was a significant increment of leg press in 
the MOD- EX (~15.5%) and VIG- EX (~18%) groups compared with the control 
group (~1%) in women. A 24- week supervised concurrent exercise was effective 
at improving cardiorespiratory fitness and lower body limbs muscular strength 
in young women— independently of the predetermined intensity— while only at 
moderate intensity improved cardiorespiratory fitness in men.
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2  |  MATERIALS AND METHODS

The current study includes a secondary analysis from 
the ACTIBATE trial (ACTIBATE, Clini calTr ials.gov, ID: 
NCT02365129), a randomized controlled trial initially de-
signed to investigate the dose– response effect of a 24- week 
concurrent exercise intervention on the mass and activity 
of brown adipose tissue (BAT) in young adults. The study 
was approved by the University of Granada Ethics Com-
mittee on Human Research (n° 924) and by that of the 
Servicio Andaluz de Salud. The study was performed in ac-
cordance with the Declaration of Helsinki (2013 revision). 
All participants gave their written, informed consent to 
be included. Participant recruitment, and all assessments 
and interventions were conducted at the Sport and Health 
Joint University Institute (iMUDS), and at the University 
Hospital ‘Virgen de las Nieves,’ both in Granada, Spain. 
The study was conducted over two consecutive years (from 
September 2015 to June 2016, and from September 2016 to 
June 2017). Participants were enrolled in four waves (16– 
24 participants in each) starting in September– December.

2.1 | Setting and eligibility criteria

One- hundred forty- four young sedentary adults (women 
n = 98) aged 18– 25 years were recruited to participate 
in this randomized control trial (clini caltr ial.gov ID: 
NCT02365129).26 The inclusion criteria were (i) not to be 
engaged in an exercise training program during the last 
12 weeks, (ii) to have a body mass index (BMI) between 
18.5 and 35 kg/m2, (iii) to have a stable body weight dur-
ing the last 12 weeks, (iv) to pass a medical examination, 
(v) not to have any chronic disease, (vi) not to consume 
tobacco or drugs, (vii) not to complete more than 20 min of 
moderate- vigorous physical activity distributed on 3 days/
week during the previous 12 weeks, and (viii) to sign a 
written informed consent form after receiving detailed 
oral information about the study procedures.

2.2 | Procedures

The participants were recruited using local media, social 
networks, and/or poster placed in different Faculties of 
the University of Granada. The research team contacted 
with potentially eligible participants by email or phone, 
and a personal interview was programmed. Four testing 
days were conducted in the baseline. A medical exami-
nation was performed in order to discard acute and/or 
chronic pathologies which could be aggravated by exer-
cise training on Day 1. A body composition assessment 
was conducted on Day 2. A maximal graded treadmill test 

was performed on Day 3 to assess the cardiorespiratory 
fitness. On Day 4, an assessment of muscular strength was 
conducted. The baseline assessments were separated by a 
maximum of 15 days. We strictly followed the CONSORT 
statement for improving the reporting parallel group ran-
domized trials (EQUATOR Network: http://www.equat 
or- netwo rk.org/repor ting- guide lines/ conso rt/; Table S1).

Participants were instructed not to modify their nor-
mal routine or their physical activity over the study pe-
riod. Physical activity was assessed through accelerometry 
using triaxial accelerometer (ActiGraph GT3X+) that par-
ticipants wear on their nondominant wrist during 1 week, 
before and after intervention.

2.3 | Interventions

The study design was a 24- week randomized control trial. 
After baseline assessment, the participants were allo-
cated into three different groups using a specific simple 
randomization software, and being the assessment staff 
blinded throughout the process: (i) a non- exercise control 
group, (ii) or a CT program based on the international 
physical activity recommendations27 at moderate inten-
sity group (MOD- EX group), (iii) or a CT program based 
on the international physical activity recommendations27 
at vigorous intensity group (VIG- EX group). We followed 
the Consensus on Exercise Reporting Template (CERT; 
Table S2) to facilitate the replicability and transparency of 
the current study.

The training sessions were conducted at the iMUDS 
being supervised by graduates in Sport Sciences. The 
training session attendance was carefully controlled. The 
missed training sessions were replaced on an alternative 
day. A minimum of 70% of attendance to the training 
sessions was determined to assess the efficacy of the ex-
ercise training intervention. All training sessions started 
with a dynamic standardized warm- up (~10 min) includ-
ing joint mobility and compensatory tasks, and finished 
with a cool- down phase (~10 min) based on active global 
stretching.

Both MOD- EX and VIG- EX groups performed 3– 4 
sessions/week of a CT program. The participants of the 
MOD- EX group completed a total of 150 min/week at 60% 
of the heart rate reserve of aerobic training, whereas the 
VIG- EX group performed a total of 75 min/week at 60% 
of the heart rate reserve and 75 min/week at 80% of the 
heart rate reserve of aerobic training. Thus, a similar du-
ration for all sessions, independently of the experimental 
group, was programed. Different ergometers including 
cycle- ergometer, elliptical ergometer, and treadmill were 
used. On the other hand, the resistance training was con-
ducted in two of the 3– 4 sessions/week. A total of 8– 9 
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global strength exercises (two sets of 10 repetitions) using 
weight bearing and guided pneumatic machines were 
programmed at the 50% of 1 repetition maximum for the 
MOD- EX group, and at the 70% of 1 repetition maximum 
for the VIG- EX group (i.e., Romanian deadlift, lateral pull 
down, ½ squat, and bench press, among others). In ad-
dition, we prescribed specific compensatory exercises to 
increase the adherence of the participant avoiding and/
or reducing the incidence of injuries. The heart rate and 
the ratings of perceived exertion were continuously mon-
itored. All participants had the same exercise dose in-
dependently of the training frequency. We individually 
adapted the training load to the participant's fitness level, 
and we also scheduled a gradual progression of each exer-
cise training program. The exercise training intervention 
is extensively detailed elsewhere.28

2.4 | Outcome measures

2.4.1 | Anthropometric and body 
composition assessment

We measured anthropometric and body composition out-
comes in a fasted state (12- h), avoiding moderate and/or 
vigorous activity physical activity (24 h and/or 48 h, re-
spectively), and eating a standardized dinner the day be-
fore (i.e., egg omelet, and boiled rice with fried tomato). 
An electronic scale and stadiometer (model 799; Elec-
tronic Column Scale) were used to measure the partici-
pant's body weight (kg) and body height (cm) with light 
clothes and barefoot. We calculated the body mass index 
as body weight (kg)/body height (m).2 The body composi-
tion assessment was performed by dual- energy x- ray ab-
sorptiometry (Hologic Wi; Hologic Inc.) and the fat mass 
and lean mass were obtained.

2.4.2 | Cardiorespiratory fitness assessment

The previous conditions established for the cardiorespira-
tory fitness assessment were (i) avoiding the consumption 
of stimulant substances 24 h before the test, (ii) fasting 
for 3– 5 h, and (iii) not performing vigorous and/or mod-
erate physical activity (48 h and/or 24 h, respectively) be-
fore the test. The cardiorespiratory fitness outcomes were 
determined by a maximal graded treadmill (H/P/Cosmos 
Pulsar treadmill, H/P/Cosmos Sport & Medical GMBH) 
walking test applying the modified Balke protocol.28 It 
started with a warm- up consisting of walking at 3.5 km/h 
for 1 min and at 4.0 km/h for 2 min. After that, a speed 
of 5.3 km/h at 0% grade was maintained during 1 min, 
followed by grade increments of 1% every minute, until 

participant's volitional extenuation. The gas exchange 
was continuously measured by indirect calorimetry using 
an oronasal mask (model 7400; Hans Rudolph Inc) fitted 
with a preVent™ high flow sensor (Medgraphics Corp). A 
3- L syringe was used for the daily flow calibration. Before 
each maximal graded treadmill test, the gases analyzers 
were calibrated using two standard gas concentration bot-
tles as recommended by the manufacturers. We averaged 
volumes whole- body oxygen consumption and carbon 
dioxide production (VO2 and VCO2, respectively) every 
5 s using the Breeze Suite software (version 8.1.0.54 SP7, 
MGC Diagnostic®; Medgraphics Corp). The heart rate was 
continuously monitored using a Polar RS800CX heart rate 
monitor linked to a chest- belt H3 sensor (Polar) every 5 s. 
The rating of perceived exertion (RPE- CR10) was assessed 
during the last 15 s of each stage and at exhaustion. The 
VO2max criteria were29 (i) to show a VO2 change <100 mL/
min in the last 30 sec of the final stage, (ii) to attain a res-
piratory exchange ratio ≥1.1, and (iii) to reach a heart rate 
between ±10 beats/min of the theoretical maximal hearth 
rate. The peak oxygen uptake was considered when these 
criteria were not attained. A third researcher opinion was 
considered when a disagreement between the others two 
was observed. VO2max was expressed in absolute terms 
(mL/min) and relative to body weight (mL/kg/min).

2.4.3 | Muscular strength assessment

The handgrip strength (expressed in kg) was assessed30 
using a digital hand dynamometer (T.K.K. 5401 Grip- D; 
Takey). The participants were instructed to continuously 
squeeze for ~3 s in two attempts for each hand, separated 
by 1- min rest exerting their maximal force in both cases. 
The grip spam of the dynamometer was fixed at 5.5 cm 
for men, and a validated equation based on the hand size 
was used for women. The sum of the best attempts on left 
and right hand, respectively, were considered as the total 
handgrip strength.

One- repetition maximum (1- RM) leg press and bench 
press (Keiser Sports Health Equipment) strength was esti-
mated by applying a submaximal protocol and using the 
Wathen equation31:

Both submaximal protocols started with a warm- up 
that consisted on 15 repetitions with a load approximat-
ing 50% of the estimated 1- RM. After that, the assessment 
staff established a specific load aiming to reach the mus-
cular failure before the participant completed less than 10 
repetitions. If the participants attained 1 or more, but <10 

Wathen equation−1RM=

Submaximal load

(

100

48.8+58.8−0.075∗Number of repetitions

)
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repetitions, the test was suitable for further analysis. A 
total of three attempts were allowed with 3- min recovery 
periods between them.

2.5 | Statistical analysis

No a priori power calculation was performed for the cur-
rent outcomes since this study is based on a secondary 
analysis from the ACTIBATE study (a randomized con-
trolled trial aiming at investigating the effects of a 24- week 
CT intervention on brown adipose tissue volume and ac-
tivity).26 However, a posteriori power was calculated for 
primary outcomes (VO2max, hand grip strength, leg and 
bench press) ranging from 68% to 84%. The statistical 
power was originally calculated based on the main out-
come of the ACTIBATE study (differences of at least 10% 
in brown adipose tissue volume could be detected) with 
a power of >80% and an α of 0.05 in a group of 17 par-
ticipants per study group. To study sex differences, a total 
of 34 participants (17 men and 17 women) were required 
for each group. Assuming a maximum loss to follow- up 
of 30%, 150 participants were thus targeted (i.e., 50 per 
group).

The distribution of the main outcomes was checked 
by Q- Q plots and histograms. Considering that these out-
comes presented a normal distribution, the descriptive 
parameters were expressed as mean ± standard deviation. 
The analyses were conducted following a per protocol 
approach and, therefore, no imputation methods were 
applied. A repeated- measures ANOVA was conducted to 
examine changes in cardiorespiratory fitness and muscu-
lar strength across time, between groups, and the interac-
tion (time*group). An analysis of covariance (ANCOVA) 
was performed to study the change observed in the groups 
(fixed factor) on physical fitness outcomes, for example, 
post- VO2max minus pre- VO2max (dependent variable), ad-
justing for the baseline values. Similar analyses were 
conducted for the rest of physical fitness outcomes. To ex-
amine pairwise comparison between groups, we applied 
the Bonferroni post- hoc test with adjustment for multiple 
comparisons.

To study whether attendance to the exercise training 
program and adherence to the pre- determined intensity 
fixed (100% indicate that 100% of session were performed 
to intensity fixed) for each exercise group were associ-
ated with changes in physical fitness- related parameters 
(Figure S1), we conducted Pearson's correlation analyses. 
A level of significance of p ≤ 0.05 was fixed. All statistical 
analyses were conducted using the Statistical Package for 
Social Sciences (SPSS, v. 22.0, IBM SPSS Statistics, IBM 
Corporation). The graphical plots were created using the 
GraphPad Prism 5 (GraphPad Software).

3  |  RESULTS

Figure 1 shows the participant flowchart. A total of 144 
participants were randomly assigned to either the con-
trol group (n = 54; n = 34 women) or the MOD- EX group 
(n = 46; n = 32 women) and the VIG- EXgroup (n = 44; 
n = 32 women)). A total of ~27% of participants did not 
finish the intervention program (control group: n = 18 
[~33%]; MOD- EX group: n = 10 [~22%]; VIG- EX: n = 11 
[~25%]) for different reasons (e.g., change of address, 
medical reason, lack of time or familiar problems, among 
others).

Table 1 shows the descriptive characteristics of the par-
ticipants who finished the intervention program.

A significant time*group interaction was observed in 
VO2max in absolute terms and relative to body weight in 
both men and women (all p < 0.04, Figure  2). ANCOVA 
revealed significant differences between groups in VO-
2max in absolute terms and relative to body weight in both 
men (Figure 2A,C, respectively) and women (Figure 2E,G, 
respectively) after the 24- week intervention study (all 
p < 0.03, Figure 2). VO2max in absolute terms and relative 
to body weight increased in the MOD- EX (~8%) compared 
with the control group after the intervention study in men 
(all p < 0.001; Figure 2B,D). A significantly higher incre-
ment of VO2max was noted in the MOD- EX group (~8%) 
compared with the VIG- EX (~6.5%) group (all p < 0.05). 
VO2max in absolute terms increased in the MOD- EX and 
VIG- EX groups (~5.5%) compared with the control group 
after the intervention study in women (all p < 0.001, 
Figure 2F), while VO2max relative to body weight was only 
enhanced in the VIG- EX group compared with the control 
group (p = 0.014, Figure  2H). No significant differences 
were detected in changes in VO2max between both exercise 
groups in women (all p > 0.6).

Changes in muscular strength after the intervention 
compared with baseline among groups in men and women 
are shown in Figures 3 and 4, respectively. No significant 
differences in handgrip strength (Figure 3A,B), 1- RM leg 
press (Figure 3C,D), and 1- RM bench press (Figure 3E,F) 
were detected between groups in men (all p > 0.05). How-
ever, ANCOVA revealed significant differences between 
groups in 1- RM leg press after the 24- week interven-
tion study in women (p = 0.001, Figure  4C), obtaining a 
significant increment of this outcome in the MOD- EX 
(~15.5%) and VIG- EX (~18%) groups compared with the 
control (~1%) group (p = 0.004 and p = 0.002, respectively; 
Figure 4D).

We showed a positive relationship of predetermined 
intensity fixed for each exercise group with changes in 
1- RM leg press in the MOD- EX group in men (p = 0.013, 
Figure 5H). However, no association was noted between 
both the attendance to the exercise training program 
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F I G U R E  1  Flowchart diagram. BMI; body mass index, CDV; cardiovascular, ECG; electrocardiogram; MOD- EX, moderate intensity 
group; VIG- EX, vigorous intensity group.
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or the percentage of session performed with pre- 
determined intensity fixed for each exercise group and 
changes in the remaining physical fitness- related pa-
rameters (Figure 5A– G,I,J) after the intervention study 
in men (all p ≥ 0.05).

We did not find a significant association of the atten-
dance to the exercise training program and the percentage 
of session performed with predetermined intensity fixed 
for each exercise group with changes in physical fitness- 
related parameters after the intervention study in women 
(all p ≥ 0.05; Figure 6A– J).

4  |  DISCUSSION

The present study aimed to investigate the dose– 
response effects of a 24- week supervised CT program on 

cardiorespiratory fitness and muscular strength, with 
a special focused on the differences between men and 
women. The main findings indicate that the supervised 
exercise intervention would lead to different effects on 
cardiorespiratory fitness and muscular strength in males 
versus females, and that the predetermined intensity 
(moderate vs. vigorous) would have a relevant role in the 
physiological adaptations obtained. Specifically, while the 
MOD- EX group could result more appropriate in men, 
both MOD- EX and VIG- EX groups similarly improved 
cardiorespiratory fitness in women. Importantly, only 
significant increments of lower limb strength were noted 
in women independently of the pre- determined intensity 
(moderate vs. vigorous). These findings suggest that the 
exercise- induced fitness adaptations are different in men 
and women, and that sex should be taken into account in 
future exercise intervention studies.

T A B L E  1  Baseline descriptive characteristics of the study participants that finished the intervention program.

Women (N = 72) Men (N = 33)

Control 
(N = 22)

MOD- EX 
(N = 26)

VIG- EX 
(N = 24)

Control 
(N = 14)

MOD- EX 
(N = 10)

VIG- EX 
(N = 9)

Age (years) 21.82 ± 2.07 22.01 ± 2.06 22.25 ± 2.33 21.46 ± 2.31 22.61 ± 2.05 22.63 ± 2.62

Body composition

Body weight (kg) 60.45 ± 9.35 67.89 ± 12.58 65.55 ± 12.37 84.92 ± 18.18 77.31 ± 15.22 87.90 ± 19.34

Body height (cm) 162.98 ± 6.13 164.59 ± 6.94 165.14 ± 6.73 176.00 ± 6.69 174.11 ± 6.34 178.04 ± 6.89

Body mass index (kg/m2) 22.78 ± 3.57 24.99 ± 4.05 23.97 ± 3.75 27.43 ± 5.87 25.47 ± 4.53 27.64 ± 5.42

Fat mass (kg) 22.14 ± 6.41 27.19 ± 8.33 24.60 ± 7.48 26.16 ± 11.57 22.39 ± 10.66 28.14 ± 11.39

Fat mass (%) 36.96 ± 6.03 40.16 ± 6.27 37.77 ± 5.28 30.37 ± 7.73 28.56 ± 7.64 31.61 ± 7.40

Lean mass (kg) 34.80 ± 4.08 37.12 ± 5.29 37.24 ± 5.27 54.01 ± 7.56 50.47 ± 5.61 54.73 ± 8.29

Physical fitness

VO2max (mL/min) 2454.7 ± 404.2 2654.0 ± 421.7 2499.7 ± 505.9 3687.27 ± 705.8 3394.87 ± 602.7 3844.54 ± 820.9

VO2max (mL/kgweight/min) 40.16 ± 6.73 39.58 ± 6.42 38.92 ± 7.56 44.57 ± 10.67 44.62 ± 6.67 46.26 ± 10.85

Time to exhaustion (s) 858.5 ± 127.4 888.7 ± 219.7 918.1 ± 135.8 974.5 ± 270.9 1100.7 ± 201.9 1050.0 ± 294.1

HRmax (beats/min) 194.48 ± 9.47 193.15 ± 11.00 194.38 ± 9.48 190.36 ± 11.44 194.07 ± 13.43 197.46 ± 13.95

Hand grip strength (kg) 26.18 ± 3.55 27.33 ± 4.17 27.49 ± 3.56 38.83 ± 6.36 42.80 ± 5.77 41.31 ± 8.24

1- RM leg press (kg) 155.84 ± 29.65 170.65 ± 42.39 166.82 ± 41.78 280.67 ± 61.71 276.49 ± 57.55 279.15 ± 35.81

1- RM bench press (kg) 20.78 ± 4.96 24.10 ± 4.70 23.93 ± 5.57 50.43 ± 10.06 50.94 ± 15.09 45.80 ± 8.86

Physical activity

Sedentary time (min/day) 924.6 ± 49.3 941.0 ± 51.9 915.3 ± 41.4 937.7 ± 65.1 933.72 ± 42.0 938.03 ± 62.0

LPA (min/day) 22.1 ± 7.9 26.0 ± 16.3 22.8 ± 8.0 22.9 ± 9.3 27.89 ± 15.8 23.84 ± 15.8

MPA (min/day) 60.5 ± 26.1 59.7 ± 23.0 58.7 ± 21.6 54.8 ± 22.2 57.77 ± 18.0 49.13 ± 22.0

VPA (min/day) 1.1 ± 1.5 1.3 ± 1.8 1.8 ± 3.3 1.5 ± 2.0 1.67 ± 2.1 1.53 ± 2.0

MVPA (min/day) 61.6 ± 26.8 61.0 ± 23.5 60.5 ± 23.5 56.4 ± 22.9 59.43 ± 19.1 50.67 ± 22.5

Note: Data are shown as means ± standard deviation. p Value of analysis of variance analysis between groups.
Abbreviations: 1- RM, one- repetition maximum; HRmax, maximal heart rate; LPA, low physical activity; MOD- EX, moderate intensity group; MPA, moderate 
physical activity; MVPA, moderate- vigorous physical activity; VIG- EX, vigorous intensity group; VO2max, maximal oxygen uptake; VPA, vigorous physical 
activity.
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F I G U R E  2  Changes in maximal oxygen uptake (VO2max) for both men and women (Panels A, B, E and F), and in VO2max relative to 
body weight in men and women (Panels C, D, G and H) at baseline, and after the 24- week CT intervention among the three groups. P value 
of analysis of covariance for the change in the outcome adjusting by baseline values, with post- hoc Bonferroni- corrected (Panels B, D, F, and 
H). The same letters indicate significant differences among groups. MOD- EX, moderate intensity group; VIG- EX, vigorous intensity group.

F I G U R E  3  Changes in hand grip strength (Panels A, B), 1- RM leg press (Panels C, D) and 1- RM bench press (Panels E, F) for men at 
baseline, and after the 24- week CT intervention among the three groups. p Value of analysis of covariance for the change in the outcome 
adjusting by baseline values, with post- hoc Bonferroni- corrected (Panels B, D and F). The same letters indicate significant differences among 
groups. MOD- EX, moderate intensity group; VIG- EX, vigorous intensity group.
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F I G U R E  4  Changes in hand grip strength (Panels A, B), 1- RM leg press (Panels C, D) and 1- RM bench press (Panels E, F) for women 
at baseline, and after the 24- week CT intervention among the three groups. p Value of analysis of covariance for the change in the outcome 
adjusting by baseline values, with post- hoc Bonferroni- corrected (Panels B, D and F). The same letters indicate significant differences among 
groups. MOD- EX, moderate intensity group; VIG- EX, vigorous intensity group.

F I G U R E  5  Association between attendance to the exercise training program and the percentage of session performed with pre- 
determined intensity fixed for each exercise group with changes in maximal oxygen uptake (VO2max) (A, B), time to exhaustion (C, D), hand 
grip (E, F), 1- RM leg press (G, H), and 1- RM bench press (I, J) after the intervention study (i.e., 24 weeks— baseline) in men. MOD- EX, 
moderate intensity group; VIG- EX, vigorous intensity group.
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4.1 | 24- week CT supervised intervention 
effects on cardiorespiratory fitness: Role  
of sex

It is well- known the robust and inverse relationship be-
tween cardiorespiratory fitness and risk of cardiovascular 
disease and all- cause mortality.6 CT has been positioned 
as an effective training method to increase VO2max 
(~6.3%), independently of the exercise intensity (Ramos- 
Campos, 2021). Thus, the significant improvements in ab-
solute VO2max obtained after our 24- week CT intervention, 
concur with similar previous interventions conducted in 
young individuals18,32 and in middle- aged adults.14 These 
notorious enhancements could be explained not only by 
peripheral adaptations (e.g., upregulation of angiogen-
esis), but also by the optimization of central physiological 
mechanisms (e.g., maximal stroke volume or cardiac out-
put), both contributing to optimize oxygen delivery and 
utilization. Moreover, previous studies that performed 
shorter CT interventions found similar improvements.17,18 
Concretely, they reported increments of ~5.5%17 and ~10% 
in VO2 max, after only 24 training sessions (i.e., 8 weeks, 
three times per week) of vigorous and/or moderate CT. 
Therefore, it seems that short- term CT programs could be 
sufficient to improve cardiorespiratory fitness in young 
adults.

Paradoxically, our results suggest that, while CT at 
moderate intensity was more effective to increase abso-
lute VO2max in males (~8% in MOD- EX vs. ~6.5% VIG- EX), 
both equally improved relative VO2max in females (~5.5%). 
Sex- dependent anthropometric and physiological differ-
ences may explain these controversial findings. Specifi-
cally, women exhibit increased fatigue resistance during 
vigorous bouts of exercise33 and present a faster ATP re-
covery compared to men.34 Furthermore, women usually 
show a marked tendency for aerobic metabolism during 
exercise, a factor that facilitates adherence to the prede-
termined intensity when it is vigorous.33 Finally, previous 
evidence shows that the aerobic contribution during vig-
orous intensity is ~25% higher in females than males.35

4.2 | 24- week CT supervised intervention 
effects on muscular strength: Role of sex

Muscular strength adaptations in response to CT inter-
ventions could to be different in men and in women. In 
females, results of the present study showed significant 

improvements of lower limb maximal strength in both 
MOD- EX (~15.5%) and VIG- EX (~17%) groups (with no 
differences between them) compared with the control 
group. These findings concur with those obtained by 
previous studies which programmed CT interventions in 
young women.32,36 Silva et al. showed a significant incre-
ment of upper-  (~17%) and lower- body (40%) 1RM mus-
cular strength after a 11- week intervention combining 
resistance and sprint interval training in the same session. 
In addition, an 8- week CT intervention applying an in-
tensity of 95% of the ventilatory threshold 2 was effective 
to improve lower limb (~38%) strength in college female 
participants.32 Interestingly, the present study achieved 
improvements in lower limbs in response to both moder-
ate and vigorous intensities with a similar magnitude than 
the above- mentioned studies which set their intervention 
at high- intensities. This fact suggests that, in women, 
long- term CT intervention could be needed if lower inten-
sities are programmed.

Previous investigations have demonstrated that a well- 
designed CT improves lower body limbs17,18 and upper 
limbs strength18 in active young males. Even a short- time 
CT intervention (i.e., 8 weeks) at a moderate to vigorous 
intensity resulted in significant improvements of maximal 
lower body limbs strength.17 In contrast to our initial hy-
pothesis, we showed no significant differences in muscu-
lar strength between the MOD- EX and the VIG- EX groups 
compared with the control group in men. These unex-
pected results could be partially attributed to the fact that 
the participants of our study allocated in the control group 
received verbal information regarding physical activity 
recommendations provided by the WHO.13 Of note is that 
~30% of them reported having performed regular physical 
exercise during the intervention study. Considering that 
young individuals (especially men) are characterized by 
increased muscle anabolic signaling and myofibrillar pro-
tein synthesis, it is plausible that the lack of differences 
among groups could be explained by this point.

It is well- known that a key aspect for improving phys-
ical fitness in response to an exercise intervention is the 
attendance to the training session and adherence to the 
predetermined intensity fixed.37 In fact, among factors that 
are associated with a proper adherence are the intensity- 
duration of the prescribed exercise or the overall duration 
of the intervention.38 In most of the clinical outcomes, 
80% has been used as the universal threshold for a cor-
rect adherence to the exercise program.39 However, as in 
general adherence to exercise programs usually decreases 

F I G U R E  6  Association between attendance to the exercise training program and the percentage of session performed with 
predetermined intensity fixed for each exercise group with changes in maximal oxygen uptake (VO2max) (A, B), time to exhaustion (C, D), 
hand grip (E, F), 1- RM leg press (G, H), and 1- RM bench press (I, J) after the intervention study (i.e., 24 weeks— baseline) in women. MOD- 
EX, moderate intensity group; VIG- EX, vigorous intensity group.
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to ~60%,40 and due to the long- term length of the present 
intervention (i.e., 24 weeks), the participants with >70% 
of attendance were included in the final analysis. Nev-
ertheless, we observed a lack of association between at-
tendance to the exercise training program and changes in 
physical fitness- related parameters after the intervention 
study. Although it has been documented that moderate ex-
ercise intensity would result in greater maintenance and 
adherence to exercise,40 our findings do not support this 
notion as physical fitness changes were independent of 
the CT intensities. Setting vigorous intensities could be a 
limitation for exercise’ adherence,41 yet, sex does not seem 
to be a moderator in the present study as both males and 
females did not show significant differences in their pat-
terns. In this regard, CT could be easily implemented as a 
new lifestyle habit in this population— independently of 
the intensity programmed.

The main strength of the present study is the analysis 
of different intensities of concurrent training which could 
allow the individualized design of exercise programs to im-
prove physical condition depending on sex. However, some 
limitations should be taken into account. The results should 
be considered exploratory and interpreted cautiously, as the 
study was not specifically powered for sex- separate analy-
sis and the sample size per group, especially in the analy-
ses on men, might have been relatively small. It should be 
also highlighted that the sex distribution was not balanced 
in this sample, with roughly half men than women being 
included in the main analyses. For this reason, a posteriori 
power analysis was calculated. Caution should be paid on 
the number of comparisons conducted, and the potential 
propagation of Type I error rate. Besides, the relatively high 
number of participants allocated in the control group that 
performed regular physical exercise during the interven-
tion program makes the comparison between groups dif-
ficult to interpret. Finally, we only recruited non- trained 
young adults aged between 18 and 25 years, thus we cannot 
extend these results to other populations.

In conclusion, the present study shows that a 24- week 
supervised CT intervention was effective at improving 
cardiorespiratory fitness and lower body limbs muscular 
strength in young women— independently of the prede-
termined exercise intensity— while in men, only the ex-
ercise at moderate intensity improved cardiorespiratory 
fitness.

5  |  PERSPECTIVE

Concurrent training has been postulated as an appropri-
ate time- efficient strategy to improve physical fitness, 
yet whether the exercise- induced adaptations are similar 
in men and women has been less studied. In addition, 

whether higher exercise intensities differently influence 
on physical fitness depending on the individuals' sex has 
been showed as an interest aspect to investigate. This 
study shows that a 24- week supervised concurrent exer-
cise intervention led to improvements on physical fitness 
in young adults. While in young women, cardiorespira-
tory fitness and lower body limbs strength were improved, 
independently of the exercise training intensity, in young 
men, moderate intensity was sufficient to improve cardi-
orespiratory fitness. To analyze the sex- specific effects of 
a concurrent exercise intervention at different intensities 
on physical fitness could be of great interest in the fitness 
industry, since they may help to optimize new, person-
alized and challenging workouts for both sexes, thus in-
creasing physical fitness and health purposes, enjoyment, 
and interest.
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