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A B S T R A C T   

Concurrent training (CT) is an efficient strategy to improve neuromuscular function and cardiorespiratory fitness 
in older adults, which are factors of pivotal importance for the maintenance of functional capacity with aging. 
However, there is a lack of evidence about the effectiveness of power training (PT) as an alternative to traditional 
strength training (TST) during CT. Thus, the aim of the present study was to examine the effect of 16 weeks 
(twice weekly) TST combined with high intensity interval training (TST + HIIT) vs. PT combined with HIIT (PT 
+ HIIT) on functional performance, cardiorespiratory fitness and body composition in older men. Thirty five 
older men (65.8 ± 3.9 years) were randomly allocated into two training groups: TST + HIIT (n = 18), and PT +
HIIT (n = 17). TST + HIIT performed resistance training at intensities ranging from 65% to 80% 1RM at slow 
controlled speed (≅ 2 s for each concentric phase), whereas PT + HIIT trained at intensities ranging from 40% to 
60% of 1RM at maximal intentional speed. Both groups performed HIIT at intensities ranging from 75 to 90% of 
VO2peak. Participants performed functional tests (sit-to-stand, timed-up-and-go, stair climbing); cardiopulmonary 
exercise testing (maximal cycling power output: Wmax, peak oxygen uptake: VO2peak, cycling economy), as well 
as body composition assessment (DXA) before, post 8 and post 16 weeks of training. The groups improved 
similarly (P < 0.05) with training in all functional capacity outcomes, Wmax, cycling economy, VO2peak and body 
composition (P < 0.05). These findings suggest that HIIT based CT programs involving TST vs. PT are equally 
effective in improving functionality, cardiorespiratory fitness and body composition in healthy older men.   

1. Introduction 

The World Health Organization (WHO, 2015) public health frame
work for healthy aging reports three distinct phases for the intrinsic 
capacity trajectories across the healthy aging lifespan: high and stable 
capacity, declining capacity and significant loss of capacity (WHO, 
2015). Biological aging dramatically impacts functional abilities, such as 
sit-to-stand, gait, and stair climbing abilities (Reid and Fielding, 2012; 
Casas-Herrero et al., 2013; Suetta et al., 2019), mainly related to muscle 

power declines observed during the aging process (Izquierdo et al., 
1999; Reid and Fielding, 2012; Alcázar et al., 2020). Together with 
decreases in functional capacity, aging is also characterized by re
ductions in lean mass (Suetta et al., 2019) simultaneously to increases in 
visceral adipose tissue (Garatachea et al., 2015), thus increasing the risk 
of loss in physical independence and prevalence of cardiovascular dis
ease, respectively. Further, changes in body composition, such as 
increased body fat and losses in skeletal muscle mass represent impor
tant risk factors for the incidence of cardiometabolic diseases such as 
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hypertension, dyslipidemia, and type II diabetes mellitus in older adults 
(Sillanpää et al., 2008). 

Exercise interventions, in particular concurrent training (CT), a 
combination of strength and aerobic conditioning is considered a 
cornerstone to improve neuromuscular and cardiorespiratory functions, 
body composition indices and functionality in older adults, while 
simultaneously reducing the cardiometabolic risk profile (Izquierdo 
et al., 2004; Cadore et al., 2010, 2012; Holviala et al., 2012; Cadore 
et al., 2018). CT interventions comprising continuous low-to-moderate 
intensity aerobic training have been associated with improvements in 
body composition (Sillanpää et al., 2008), improved maximal and sub
maximal (i.e., movement economy) cardiorespiratory function 
(Izquierdo et al., 2004; Cadore et al., 2011, 2012), and gains in func
tional capacity (Wood et al., 2001; Wilhelm et al., 2014). Alternatively, 
high-intensity interval training (HIIT), characterized by brief and 
intermittent periods of vigorous activity interspersed with short rest 
periods, has received growing attention as it shows adaptations that are 
equivalent to continuous aerobic training; however, in a more time- 
efficient manner (i.e., exercise performed in a shorter time) (Wisloff 
et al., 2009; Gibala et al., 2012). Nevertheless, only few studies have 
investigated the physiological adaptations induced by HIIT in older 
adults (Knowles et al., 2014; Hwang et al., 2016), and at the best of 
authors’ knowledge, no previous study has investigated the functional 
and cardiorespiratory adaptations to HIIT as a component of CT in older 
individuals, which demands for further study. 

Muscle power training (PT), characterized by the use of low-to- 
moderate exercise loads and faster concentric muscle actions (≤1 s for 
each concentric phase), may lead to superior improvements in muscle 
power output and functional abilities when compared to traditional 
strength training (TST) (Bottaro et al., 2007; Ramirez-Campillo et al., 
2014; Straight et al., 2015; Orssatto et al., 2019). Possibly, this advan
tage occurs because muscle power output seems to be more associated 
with functional capacity than maximal strength (Reid and Fielding, 
2012). Although previous studies have investigated the adaptations 
induced by PT performed alone in older adults, only few data exist 
regarding the prescription of PT as a component of CT (Wilhelm et al., 
2014). Since HIIT seems to induce greater neuromuscular adaptations 
when compared to continuous aerobic training (Martinez-Valdes et al., 
2018), a question that arises is whether CT interventions composed by 
PT or TST would promote similar functional adaptations due to its 
combination with HIIT. In addition, although comparisons between TST 
versus PT have mainly focused on functional performance and muscle 
mechanical function (Bottaro et al., 2007; Ramirez-Campillo et al., 
2014; Straight et al., 2015; Orssatto et al., 2019), there is a scarce data 
regarding such comparison on cardiorespiratory fitness and body 
composition adaptations. In studies investigating younger populations, 
including cyclists, it has been shown that both TST and PT combined 
with endurance training promote similar cycling economy and maximal 
performance gains (for review see Yamamoto et al., 2008). These results 
suggest that similar cycling economy and maximal performance gains 
could be observed following TST + HIIT versus PT + HIIT in older 
adults, which remains speculative. Thus, experimental comparisons 
between CT programs involving either PT or TST seem warranted. 

Based on the above mentioned gaps in the literature, the present 
study aimed to compare the effects of sixteen weeks of CT involving TST 
or PT in combination with HIIT on functional performance, cardiore
spiratory fitness and body composition in healthy older men. Our initial 
hypothesis was that PT combined to HIIT would promote greater gains 
on functional capacity, but similar gains in the cardiorespiratory fitness 
and body composition compared to TST combined with HIIT. 

2. Methods 

2.1. Study design 

This is a single-center, two-arms, parallel randomized controlled trial 

(RCT) with concealed allocation, blinded measurers, and 16 weeks of 
intervention. Outcomes’ assessments were performed pre, post 8 weeks 
(week 9), and post 16 weeks of training (week 17). The complete 
screening, recruitment, and allocation of individuals are presented in 
Fig. 1. The randomization procedure was performed by a researcher not 
engaged in the recruitment of study participants using a non-commercial 
public domain web software (www.random.org). Recruitment took 
place between January and October of 2018 using widely read local 
newspapers and local University announcements as well as social media. 
The RCT was part of a larger project, and data on mechanical muscle 
function outcomes (i.e., maximal strength, rate of force development, 
maximal power output and muscle thickness) have been published 
elsewhere (Müller et al., 2020). The primary outcome in this study was 
the performance in lower limbs functional tests, and the secondary 
outcomes included maximal cycling power reached during cardiopul
monary exercise testing using a stationary cycle ergometer (Wmax), 
cycling economy, peak oxygen uptake (VO2peak), and body composition. 
The study was conducted according to the Declaration of Helsinki, 
approved by the local Institutional Ethics Committee (register number 
79277917.3.0000.5347) and followed the Consolidated Standards of 
Reporting Trials (CONSORT) guidelines for non-pharmacological treat
ment (Boutron et al., 2017). 

2.2. Participants 

Seventy-nine community-dwelling healthy older men volunteered 
for this study. The participants were carefully informed about the design 
of the study and special information was provided regarding the possible 
risks and discomfort related to the procedures. An informed consent 
form was read and signed prior to study participation. Inclusion criteria 
included participants older than 60 years old; and participants who were 
not engaged in any regular and systematic exercise training program in 
the last 6 months prior to the study starting. Medical evaluations were 
performed using clinical anamnesis and an effort electrocardiograph 
(ECG) test to ensure each subject’s suitability for the testing procedure. 
Exclusion criteria included any history of neuromuscular, cognitive, 
metabolic, hormonal, and cardiovascular diseases (except controlled 
stage 1 hypertension), as well as smoking or having stopped smoking 
less than one year prior to the study. In addition, none of the participants 
were taking any medications that could influence hormonal or neuro
muscular metabolism, and all were advised to maintain their normal 
dietary intake throughout the study period. Moreover, to be included in 
the pre to post comparisons, participants were required to attend at least 
85% of training sessions. However, participants had the opportunity to 
recover the training sessions missed in the same week. The sample size 
was calculated using G POWER software (version 3.0.1), which deter
mined that a sample of n = 20 participants per group would be necessary 
to detect an effect size of 0.5 and to provide a statistical power ≥85% for 
all primary outcomes. In order to assess stability and reliability of the 
outcome variables, a sub-sample of fourteen participants (65 ± 3.8 
years, 85.3 ± 12.8 kg, 172.4 ± 7.4 cm) were assessed twice before the 
start of intervention to provide control period data (weeks − 4 and 0). 
Pre, post 8 (mid-point of intervention) and post 16-weeks of intervention 
tests were performed by the same investigators, who were blinded 
regarding groups allocation. The ambient conditions (room tempera
ture: 22–24 ◦C) and time-of-day were kept constant throughout all tests 
and interventions. 

2.3. Functional capacity 

Functional performance tests comprised sit-to-stand, timed-up-and 
go (TUG), and stair-climbing. The sit-to-stand test evaluated the highest 
number of consecutive rising and sitting from a chair in 30s. In the TUG 
test assessment, participants were instructed to perform the distance as 
quickly as possible without running. The subjects started sitting, knees 
and hips flexed at 90◦ and with their arms crossed over the chest. At the 
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evaluator’s command, the individuals rose from the chair (without using 
their arms), walked 3 m, walked around a cone, came back and sat back 
down on the chair. The stair climbing test consisted of climbing a stair 
with 10 steps (16 cm step height) at a comfortable speed without stop
ping, and without use of the handrail. Each functional tests was per
formed three times, and the best value of the three attempts was selected 
for comparisons. 

2.4. Cardiopulmonary exercise testing 

VO2peak and Wmax were determined using an incremental cardio
pulmonary exercise testing on a cycle ergometer (Cybex, USA manu
facturer). Firstly, warm-up at 25 W was performed for 3 min. 
Subsequently, the load was increased in 25 W steps every 1 min, while 
maintaining a cadence of 70–75 rpm, until exhaustion. All the incre
mental tests were conducted in the presence of a trained physician. The 
settings of the cycle ergometer were noted to ensure identical set-up at 
POST testing. The breath-by-breath expired gas was analyzed using a 
metabolic cart (Quark CPET, Cosmed, Italy). The maximum VO2 value 
(ml⋅kg− 1⋅min− 1) obtained close to exhaustion was considered the 
VO2peak. The test lasted 8–12 min and was halted whenever participants 
met one of the following criteria: (a) Plateau in oxygen consumption; (b) 
Heart rate ≥ predicted for age; (c) expiratory exchange ratio >1.15; (d) 
subjective perception of effort >18 on the 20-point Borg sale, (e) par
ticipants being unable to maintain cadence >70 rpm or when the 
participant voluntarily requested to interrupt the test. The heart rate was 
measured continuously using a telemetric heart rate monitor (Polar 
model 2610, Finland). A telemetry band was positioned to continuously 
monitor participants’ Heart Rate (HR) (Cosmed heart rate monitor in
tegrated in the system). Two blinded and experienced evaluators 
determined VO2peak. Wmax was calculated using the equation: Wmax =

Wcom + (t/60)∆W, where Wcom was the Watt loading performed at last 
fully completed stage, it was the time of the last incomplete stage, and 
∆W represent the step increment in Watts (25 W). 

2.5. Cycling economy 

The metabolic cycling economy assessment consisted of performing a 
steady-state cycle ergometer test using the same metabolic cart used in 
cardiopulmonary exercise testing. Prior to the test, the subjects 
remained passively positioned (i.e. at rest) on the cycle ergometer for 2 
min to determine basal resting metabolism. After this period, partici
pants performed 10 min of exercise at a constant load (75 W) and 
controlled cadency (75 rpm) for the entire period. In order to analyze the 
metabolic economy, the first 2 min and the last 2 min of the rectangular 
test were discarded, considering the average oxygen uptake of the 
central 6 min of the test. 

2.6. Body composition 

Total and lower limb body composition (total fat mass and fat-free 
mass) were evaluated using dual-energy X-ray absorptiometry (DXA - 
Hologic Discovery W, USA). During the test, the subjects were posi
tioned on the equipment according to the manufacturer’s guidelines: 
supine, aligned and centered on the examination table with hips and 
shoulders. The machine was calibrated before each scan according to the 
manufacturer’s specifications. All evaluations were carried out in the 
morning, 2 h after the individuals’ last meal. 

2.7. Training interventions 

The participants performed both strength training and HIIT in the 

Fig. 1. Flowchart for enrollment, allocation and assessment of individuals. TST + HIIT, concurrent traditional strength and endurance training; PT + HIIT, con
current power and endurance training. 
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same session, twice weekly, on non-consecutive days, and all groups 
always performed all strength exercises prior to HIIT, in order to opti
mize the expected strength/power adaptations (Cadore et al., 2013). 
Importantly, the different velocity of movement between training in
terventions occurred only in the bilateral leg press (LP) and bilateral 
knee extension (KE) exercises performed in isoinertial plate loaded 
machines. We focused the investigation on those muscles because its 
importance to the functional activities in older individuals. PT + HIIT 
group performed the concentric phase of knee extensors exercises at the 
maximum intentional velocity (hence the term power training), while for 
safety reasons using a controlled slower velocity in the eccentric 
movement phase (i.e., approximately 2 s in the eccentric phase). 
Conversely, TST + HIIT group performed both phases at a slow, 
controlled velocity (i.e., approximately 2 s for each phase). The slower 
muscle actions were controlled using a commercial watch. All partici
pants were oriented and supervised by experienced researchers in order 
to efficiently perform all exercises at the targeted movement speed. 
Complete information on all training variables during the period of 
intervention are shown in Table 2. PT + HIIT group performed 3 sets of 8 
repetitions at 40% of 1RM (weeks 1–4), progressing to 4 sets of 6 rep
etitions at 60% of 1RM (weeks 13–16). The intensities of PT + HIIT 
intervention were prescribed accordingly to recent recommendations to 
PT prescription in older individuals (Fragala et al., 2019), since optimal 
power values are produced approximately in this range of intensities (i. 
e., from 40 to 60% of 1-RM) during isolated knee extensors exercise in 
older adults (Izquierdo et al., 1999; Strand et al., 2019). TST + HIIT 
group performed their strength exercise in 2 sets of 12–15 repetitions at 
65% of 1RM (weeks 1–4), progressing to 4 sets of 6–8 repetitions at 80% 
of 1RM (weeks 13–16). The rest interval among successive sets was 180 
s. Along with LP and KE exercises, individuals also performed leg curls 
(isolated knee flexion), chest press, lat pull down, elbow flexion and 
elbow extension. In these complementary exercises, all participants 
performed similar training volume compared to the knee extensor ex
ercises (in each respective group), using approximately 60% of 1RM in a 
controlled cadence (i.e. non-explosive). Our purpose was to compare 
both types of training following each specific recommended training 
volume and intensities. We did not aim establishing an equal training 
volume, instead comparing different methods of strength training. The 
HIIT program was performed using a stationary cycle ergometer. 
Initially all participants performed 5 min of warm up at 60–65% of the 
HR at VO2peak. Subsequently, participants performed 3 sets of 4 min at 
75–80%of the HR at VO2peak, (weeks 1–4), progressing until 85–90% of 
the HR at VO2peak (weeks 13–16). While exercising at target intensity, 
participants were advised to maintain a cadence of 70–75 rpm. The time 
interval among successive HIIT bouts was 2 min, while biking at a self- 
selected comfortable speed. Both training groups performed the same 
HIIT program. All training sessions were carefully supervised by expe
rienced strength and conditioning coaches (minimum 3 concurrently 
present). 

2.8. Statistical analysis 

SPSS statistical software was used to analyze all data. Normal dis
tribution and homogeneity parameters were checked with Shapiro-Wilk 

and Levene tests, respectively. Results are reported as mean ± SD. The 
training-related effects were assessed using a two-way Analysis of 
Variance (ANOVA) (group × time) with Bonferroni’s post-hoc testing. If 
a time vs. group interaction was observed, follow up analysis was pro
ceed using independent t-tests for group factor, as well as repeated 
measures ANOVA for time factor. Significance was accepted when P <
0.05. The effect size (ES) between pre and post-training for each group 
was calculated using Cohen’s d, represented by the following formula: 
ES = (Meanpost − Meanpre)/SDpre, which Meanpost was the mean post 16 
weeks of training, Meanpre was the mean pre-training, and SDpre is the 
standard deviation of the pre-training measurements (Nakagawa et al., 
2007). The qualitative classification used was ES > 0.20 (small), ES >
0.50 (moderate), ES > 0.8 (large), and ES > 1.2 (very large). 

3. Results 

3.1. Participants 

In this study, 79 individuals initially volunteered to participate, and 
35 older men completed the pre- and post-16 week measurements and 
had their data included in the statistical analysis (PT + HIIT: n = 17, and 
TST + HIIT: n = 18). Among those who were assessed for eligibility, 
there were no apparent differences (i.e., between participants who did 
not complete or even initiate the assessments with the participants who 
completed the study). The reasons for not participating included per
sonal and professional issues not detailed by the participants. No 
participant mentioned any concerns or disagreements regarding the 
interventions of the study. Physical characteristics are shown in Table 1. 

3.2. Control period, physical characteristics and adverse effects 

Data obtained during the control period are presented in Supple
mentary file. During the control period (i.e., between week − 4 and week 
0), no significant changes were observed for any outcome parameters. 
Before and after training, there were no differences between the groups 
in body mass (kg), height (cm), age (years) Table 1. All individuals who 
entered the pre and post analysis attended at 100% of training sessions. 
During the intervention period, no adverse effects were reported related 
to the training programs. 

3.3. Overall findings 

At baseline, there were no differences between the group for any of 
the outcomes assessed (i.e., sit-to-stand, climbing stairs, TUG, body 
composition, cycling economy, Wmax, and VO2peak). In addition, after 16 
weeks of training, there were no significant time vs. group interaction or 
significant group effect for any of the variables (P > 0.05). 

3.4. Functional capacity 

A significant time effect (P < 0.001) was observed for the sit-to-stand 
test with both PT + HIIT and TST + HIIT demonstrating increased values 
after 8 weeks (14.3 ± 30.0% and 17.2 ± 13.3%, respectively, P < 0.001), 
and 16 weeks intervention (PT + HIIT: 37.3 ± 27.1%, ES =1.46; and 

Table 1 
Physical characteristics pre and post intervention.    

PT + HIIT (n = 17)   TST + HIIT (n = 18)  

Pre Post 8 Post 16 Pre Post 8 Post 16 

Age (years) 64.3 ± 3.3 64.3 ± 3.3 65.1 ± 3.3 65.7 ± 4.2 65.7 ± 4.2 66.4 ± 4.3 
Height (cm) 176 ± 7.2 176 ± 7.2 176 ± 7.2 174.2 ± 2.2 174.2 ± 2.2 174.2 ± 2.2 
Body mass (kg) 84.7 ± 14.8 84.9 ± 14.4 85.2 ± 14.4 89.9 ± 9.1 90.1 ± 9.6 89.4 ± 9.1 

TST, traditional strength; PT, power training; HIIT, high-intensity interval training. 
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TST +HIIT: 29.5 ± 15.9%, ES = 0.91, P < 0.001). The values obtained at 
16 weeks were significant greater than those observed after 8 weeks (P 
< 0.001). In addition, there was a time effect for TUG (P < 0.01) with 
both PT +HIIT and TST + HIIT improving after 16 weeks of intervention 
(PT + HIIT: − 6.5 ± 14.0%, ES = − 0.54; and, TST + HIIT: − 7.1 ± 10.4%, 
ES = − 0.47, P < 0.001). Values at 16 weeks were improved (lower) than 
at post 8 wk. (P < 0.01), while no difference between pre and post 8 
weeks was observed. Likewise, a time effect (P < 0.001) was observed 
for the stair climbing test as well. Both PT + HIIT and TST + HIIT 
improved this outcome after 8 weeks (− 5.7 ± 13.9% and − 3.9 ± 13.2%, 
respectively, P < 0.05) and 16 weeks (PT + HIIT: − 10.8 ± 12.3%, ES =
− 0.78; and TST + HIIT: − 8.8 ± 15.2%, ES = -0.54, P < 0.001), with 
better performance after 16 weeks compared with 8 weeks (P < 0.01). 
The results of the functional tests are presented in Fig. 2. 

3.5. Cardiopulmonary fitness and cycling economy 

A significant time effect was noted for Wmax (P < 0.001), with both 
PT + HIIT and TST + HIIT increasing this variable after 8 weeks (4.9 ±
8.0% and 5.4 ± 6.7%, respectively, P < 0.001) as well as after 16 weeks 
of training (PT + HIIT: 11.7 ± 11.2%, ES: 1.17, TST + HIIT: 11.6 ±
9.9%, ES = 0.75; P < 0.001), with no differences between groups 
(Table 3). In addition, a time effect was observed for VO2peak (P < 0.05), 
with both groups increasing their values at 8 weeks (11.1 ± 22.3%, and 
3.9 ± 7.8%, respectively, P < 0.05), and 16 weeks of training (PT + HIIT: 
19.0 ± 37.8%, ES = 0.54; TST + HIIT: 8.6 ± 10%, ES = 0.53, P < 0.01) 
with no differences between groups (Table 3). Both PT + HIIT and TST 
+ HIIT improved their cycling economy after 8 weeks (PT + HIIT: − 4.7 
± 10.7%, TST + HIIT: − 7.6 ± 9.9%; P < 0.001), and 16 weeks (PT +
HIIT:-5.7 ± 17.2%, ES:-0.34; TST + HIIT:-7.5 ± 9.5%, ES:-0.60; P <

Table 2 
Training periodization.  

TST PT HIIT 

Week Sets Repetitions Intensity (% 1RM) Sets Repetitions Intensity (% 1RM) Time (min) Intensity (% VO2peak) 

1–4  2 12–15  65  3  8  40 3 × 4/2 75–80 
5–8  3 10–12  70  3  8  50 3 × 4/2 80–85 
9–12  3 8–10  75  4  6  55 4 × 4/2 80–85 
13–16  4 6–8  80  4  6  60 4 × 4/2 85–90 

TST, traditional strength training; PT, power training; HIIT, high-intensity interval training. 

Table 3 
Data expressed as percentual and absolute values (mean ± standard deviation) of body composition, cycling economy and cardiorespiratory fitness.  

Outcomes Group Pre Post 8 Post 16 

Total body mass (Kg) PT + HIIT 
TST + HIIT 

84.7 ± 14.8 
89.3 ± 9.9 

84.9 ± 14.4 
90.1 ± 9.6 

85.2 ± 14.4 
89.4 ± 9.1 

Absolute Body fat (Kg) PT + HIIT 
TST + HIIT 

26.8 ± 8.4 
29.5 ± 5.5 

26.3 ± 8.0 
29.4 ± 5.6 

26.5 ± 7.6 
28.8 ± 5.3 

Absolute fat-free mass (kg) PT + HIIT 
TST + HIIT 

54.7 ± 6.8 
57.1 ± 6.6 

55.4 ± 6.9* 
57.3 ± 6.3* 

55.5 ± 7.3* 
57.2 ± 6.5* 

Relative body fat (%) PT + HIIT 
TST + HIIT 

31.1 ± 4.5 
32.7 ± 4.3 

30.5 ± 4.5* 
32.5 ± 4.5* 

30.7 ± 4.1* 
32.2 ± 4.7* 

Relative fat-free mass (%) PT + HIIT 
TST + HIIT 

65.1 ± 4.3 
63.5 ± 3.9 

65.7 ± 4.2* 
63.7 ± 4.0* 

65.6 ± 3.9* 
64.1 ± 4.3* 

Cycling economy (mL⋅kg− 1⋅min− 1) PT + HIIT 
TST + HIIT 

15.0 ± 3.1 
15.0 ± 1.8 

14.2 ± 2.7* 
13.8 ± 2.0* 

13.9 ± 2.7** 
13.8 ± 2.3** 

WMax (watts) PT + HIIT 
TST + HIIT 

196.3 ± 17.1 
194.6 ± 26.4 

206.0 ± 24.2* 
205.5 ± 32.2* 

219.9 ± 32.2** 
216.3 ± 28.2** 

VO2peak (mL⋅kg− 1⋅min− 1) PT + HIIT 
TST + HIIT 

24.5 ± 6.1 
24.8 ± 3.8 

26.2 ± 4.3* 
25.7 ± 4.4* 

27.8 ± 5.2*** 
26.8 ± 4.5*** 

PT + HIIT: concurrent power and high-intensity interval training (HIIT), TST + HIIT: concurrent traditional strength training and HIIT. Wmax: maximum power output 
at cycle ergometer; VO2max: peak oxygen consumption. Significant differences between pre and post interventions. 

* P < 0.05. 
** P < 0.01. 
*** P < 0.001. 

Fig. 2. Mean ± SD values of functional tests. TUG: time up and go. TST + HIIT, concurrent strength and high-intensity interval training; PT + HIIT, concurrent power 
and high-intensity interval training.*Significantly greater than the pre-training (P < 0.001); #Significantly greater than the post 8 (P < 0.001). 
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0.001) with no differences between groups. No difference was observed 
in the post 16 compared with post 8 for this variable (Table 3). 

3.6. Body composition 

All body composition variables are described in Table 3. A time effect 
(P < 0.05) was observed for body fat percentage, with both PT + HIIT 
and TST + HIIT decreasing this parameter after 8 and 16 weeks (PT +
HIIT: − 1.8 ± 2.6%, ES: -0.09; TST + HIIT: − 0.5 ± 3.9%; ES: − 0.12). 
There were no differences between groups in body fat percentage, as 
well as no differences between post 8 compared to post 16 values. In 
addition, a time effect was noted for fat-free mass percentage (P < 0.05) 
with both PT + HIIT and TST + HIIT increasing these values after 8 and 
16 weeks (PT + HIIT: 0.9 ± 1.2%, ES = 0.10; and, TST + HIIT: 0.2 ±
2.0%, ES = 0.13, P < 0.05). No difference between groups as well as no 
differences between 8 and 16 weeks were observed. No changes were 
observed in absolute body fat (P = 0.10) and total body mass after the 
training period. In terms of absolute fat-free mass, a time effect (P <
0.05) was observed in both PT + HIIT and TST + HIIT after 8 and 16 
weeks intervention (PT + HIIT: 1.2 ± 2.0%, ES = 0.11; and, TST + HIIT: 
0.5 ± 2.2%, ES = 0.02, P < 0.05) with no difference observed between 
groups, as well as no differences between 8 and 16 weeks. 

4. Discussion 

The main finding from the present study was that concurrent training 
protocols, combining either traditional strength or power training with 
HIIT, led to similar improvements in functional capacity in healthy older 
men, along with similar gains in Wmax, cycling economy, VO2peak and 
body composition. These findings are relevant as they demonstrate that 
concurrent training programs employing power vs. traditional strength 
training may be equally effective inducing functional and physiological 
adaptations in older adults. 

One of the paramount goals of exercise interventions across the aging 
is to maintain individual independency to perform various daily living 
activities (Studenski et al., 2011; Izquierdo and Cadore, 2014; Cadore 
and Izquierdo, 2018). In the present study, sit-to-stand ability improved 
by 14–17% after 8 weeks concurrent training, to reach a 30% 
improvement after 16 weeks of intervention. Likewise, marked gains in 
TUG and stair-climbing performance were observed after 16 weeks of 
concurrent training (i.e., approximately +7% and +11%, respectively). 
These findings are in agreement with previous study reports investi
gating the translational benefits of strength training (Sayers et al., 2007; 
Bottaro et al., 2007; Bean et al., 2002; Ramirez-Campillo et al., 2014; 
BeltranValls et al., 2014) or concurrent training (Wood et al., 2001; 
Wilhelm et al., 2014; Cadore et al., 2018; Teodoro et al., 2019) on 
functional capacity in older populations, showing similar magnitudes of 
improvements produced by the two exercise paradigms. 

Some studies have reported greater improvements in selected func
tional abilities following power training in older adults when compared 
to traditional strength training (Bottaro et al., 2007; Correa et al., 2012; 
Ramirez-Campillo et al., 2014) although not always a consistent finding 
(Seynnes et al., 2008). In a recent meta-analysis by Orssatto et al. 
(2019), it was concluded that the use of maximal intend velocity during 
strength training (i.e., PT) resulted in greater improvements than TST in 
the combined functional tests, Short Physical Performance Battery 
(SPPB), whereas similar enhancements were observed for TUG test, 30-s 
chair stand test, 5-times chair stand test, stair climbing test, short as well 
long walking tests. In the present study, the absence of measurable 
differences between the intervention groups in terms of functional ca
pacity improvements may have occurred due to the HIIT element, which 
was a common feature in both training programs. In addition, in the 
present cohort of healthy old males we previously observed an advan
tage of PT + HIIT compared to TST + HIIT for the training-induced 
improvement in explosive force outcomes (Müller et al., 2020). In 
contrast, maximal muscle strength and power output as well as 

morphological outcomes such as muscle thickness along with endurance 
performance was found to improve similarly between groups (Müller 
et al., 2020). Consequently, given that PT + HIIT and TST + HIIT led to 
similar improvements in a majority of variables related to mechanical 
muscle function, it is of no surprise that these different training regimes 
led to similar improvements in functional capacity in the present cohort 
of old male adults. 

Both training interventions led to substantial (and comparable) ef
fects on Wmax and VO2peak after 8 and 16 weeks intervention. In addi
tion, improvements in cycling economy were noted in both TST + HIIT 
and PT + HIIT after 8 and 16 weeks of training. It is likely that these 
adaptations were mainly the result of the HIIT training performed, 
which was the same in both groups. On the other hand, it has been 
shown that strength training per se may enhance cycling economy and 
improve short-term cycling performance (i.e., Wmax, time to exhaustion) 
both in untrained individuals (Hansen et al., 2007; Loveless et al., 2005) 
as well as in high-level trained cycling athletes (Bastiaans et al., 2001; 
Rønnestadand et al., 2013). The absence of differences between groups 
agrees with a systematic review by Yamamoto et al. (2008) since these 
authors observed no differences between power training versus maximal 
strength training on the improvement in the cycling economy and per
formance in trained cyclists. Regardless, the present improvement in 
cycling economy is likely to have important clinical implications, 
because older adults that are metabolically more efficient during given 
activities of daily living may present lower cardiovascular responses to a 
given effort. Consequently, tasks that involve walking, sit-to-stand, load 
carrying and stair climbing may be performed at a lower metabolic cost 
(Hartman et al., 2007), hence potentially resulting in an increased 
endurance capacity for these specific tasks. Along with oxidative myo
cellular adaptations induced by HIIT (Gibala et al., 2012), the im
provements in maximal muscle strength and explosive force capacity 
(RFD) following TST + HIIT and PT + HIIT (Müller et al., 2020) may 
result in a reduced need for type II muscle fiber recruitment at given 
submaximal loadings, potentially inducing lower metabolic cost 
(Izquierdo et al., 2003). In support of this hypothesis, neuromuscular 
activation (i.e., normalized electromyographic signal) was reduced in 
older adults at different submaximal loadings during submaximal 
ergometer cycling following a period of concurrent training, suggesting 
a reduction in the relative loading intensity (reduced % of max) (Cadore 
et al., 2011). 

Only small albeit statistically significant improvements in body 
composition were observed in the present study, such as a reduction in 
the body fat percentage and an increase in the fat-free mass percentage 
and absolute fat-free mass. These changes were lower than reported by 
Sillanpää et al. (2008), who demonstrated improvements ranging from 5 
to 8% in the body composition outcomes following 21 weeks of strength, 
endurance and concurrent training in older men (Sillanpää et al., 2008), 
although more similar to the findings by Sillanpää et al. (2009) inves
tigating the physiological effects induced by 21 weeks of strength, 
endurance or concurrent training in middle-aged and older women. In 
addition, it has been also demonstrated that body composition outcomes 
were unaffected following a HIIT intervention in healthy older adults 
(Hwang et al., 2016). The absence of greater changes in the body 
composition outcomes in the present study could be due to the absence 
of caloric ingestion control. Although we advised all participants to 
maintain their normal pattern of dietary intake throughout the study, a 
constancy in this parameter was difficult to control. In addition, con
current training sessions were performed twice weekly, which might 
represent an insufficient quantity of exercise training (e.g. too low vol
ume) to induce marked changes in body composition despite the 16 
week-period of training (Jonh et al., 2001). Although only minor in 
magnitude, however, the present decreases in the body fat percentage 
and increases in the fat-free mass may be considered as important 
physiological adaptations, since even small changes in body composi
tion have been associated with improved health index and decreased 
cardiometabolic risk (Ismail et al., 2012). 
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A number of limitations may be mentioned for the present study. The 
present study sample consisted of men only, thus limiting the general
ization of the findings to the female population. In addition, the absence 
of dietary intake control limits interpretation of the present changes in 
body composition. Besides, the participants performed two specific 
concurrent training protocols that were not matched by total overload, 
which could influence the body composition adaptations. Moreover, we 
focused our comparison specifically in the lower limbs, and therefore, it 
is unclear if the same results would be observed in other muscle groups. 
Nevertheless, hip and knee extensors are the main muscle groups related 
to functional capacity in older individuals, so our results have important 
clinical application. As an another strength, this study is the first to 
examine the adaptations in functional capacity, body composition, 
cycling economy, and cardiorespiratory fitness following concurrent 
HIIT training involving either power training or traditional strength 
training in older men. The significant improvements in functional ca
pacity, cycling economy and cardiorespiratory fitness observed 
following 16 weeks of concurrent training underlines the translational 
value of the present study. 

5. Conclusions 

The main finding of the present study was that 16 weeks of HIIT 
combined with power or traditional strength training promoted similar 
gains in functional capacity, cycling economy, Wmax, VO2peak, and body 
composition (increased lean mass, reduced fat mass) in healthy older 
men. Thus, when combined with concurrent within-session HIIT, power 
training composed by low volume of repetitions per set (6–8) performed 
at moderate loading intensities (40–60% of 1-RM) appears equally as 
effective as traditional strength training involving greater training vol
ume and intensity for improving functional capacity, cardiorespiratory 
fitness and body composition in older men. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.exger.2021.111321. 
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