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ABSTRACT: Muscle power is a strong predictor of functional status in the elderly population and is required to 

perform different daily activities. To compare the effects of different weekly training frequencies on muscle power 

and muscle quality induced by concurrent training (resistance + aerobic) in previously trained elderly men. 

Twenty-four trained elderly men (65 ± 4 years), previously engaged in a regular concurrent training program, 

three times per week, for the previous five months, were randomly allocated to concurrent training programs in 

which training was performed either twice a week (2·week-1, n = 12) or three times per week (3·week-1, n = 12). 

The groups trained with an identical exercise intensity and volume per session for 10 weeks. Before and after the 

exercise training, we examined muscle power, as estimated by countermovement jump height; knee extensor 

isokinetic peak torque at 60 and 180o.s-1; and muscle quality, a quotient between the one-repetition maximum of 

the knee extensors and the sum of quadriceps femoris muscle thickness determined by ultrasonography. 

Additionally, as secondary outcomes, blood pressure and reactive hyperemia were evaluated. Two-way ANOVA 

with repeated measures were used and statistical significance was set at α = 0.05. Muscular power (2·week-1: 7%, 

and 3·week-1: 10%) and muscle quality (2·week-1: 15%, and 3·week-1: 8%) improved with the concurrent exercise 

training (p < 0.001) but with no differences between groups. The isokinetic peak torque at 60 (2·week-1: 4%, and 

3·week-1: 2%) and 180o.s-1 (2·week-1: 7%, and 3·week-1: 1%) increased in both groups (p = 0.036 and p=0.014, 

respectively). There were no changes in blood pressure or reactive hyperemia with the concurrent training. 

Concurrent training performed twice a week promotes similar adaptations in muscular power and muscle quality 

when compared with the same program performed three times per week in previously trained elderly men. 
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The marked reductions in cardiovascular and 

neuromuscular functions that occur with advancing age[1] 

can lead to a loss of mobility[2] as well as higher risks of 

mortality[3] in elderly populations. Resistance training 

has been recommended as the first-line strategy to 

improve age-related loss of skeletal muscle mass, 

strength, and power[4, 5]. It has been suggested that 

muscular power is a more discriminant predictor of 
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functional performance in older adults than muscle 

strength[6]. Similarly, muscle quality (i.e., force per unit 

of muscle mass) seems to be other important variable 

associated with functional capacity in elderly [7]. 

Considering that these variables are strong predictors of 

functional status in the elderly population and are required 

to perform different daily activities, such as walking, 

climbing stairs, or simply standing from a seated 

position[8], exercise interventions that enhance muscular 

power and muscle quality along with aerobic capacity 

should be highlighted in older adults[9]. In addition, 

habitual aerobic exercise can minimize several adverse 

physiological changes associated with aging, such as low 

aerobic capacity, hypertension, arterial stiffening and 

endothelial dysfunction [10-13].  

In the scheme of exercise training prescription, 

training stimuli are gradually augmented by increasing the 

duration and/or frequency as the trainee becomes fitter in 

the exercise training programs. Interestingly, aerobic or 

resistance training performed exclusively (twice a week) 

and concurrent training performed with resistance 

exercise on one day and aerobic exercise on the other day 

produced similar increases in cardiovascular and 

neuromuscular parameters in previously untrained elderly 

men[14]. However, studies evaluating the effects of 

different frequencies of concurrent training on 

neuromuscular and cardiovascular functions are limited 

[15, 16], especially in previously trained older adults[16]. 

Moreover, there are no data comparing different weekly 

frequencies of concurrent training on power and muscle 

quality adaptations in the elderly.  

Most of the available information comes from exercise 

training intervention studies targeted for previously 

sedentary populations[17]. Currently, no information is 

available that indicates whether different training 

frequencies would affect training adaptation among older 

adults who have been regularly exercising. Therefore, the 

purpose of the present study was to compare the effects of 

different weekly frequencies of concurrent training on 

muscular power and muscle quality in previously trained 

elderly men. Additionally, to analyze the training 

adaptation more comprehensively, we assessed blood 

pressure and upper-arm vascular function as secondary 

outcomes. Based on previously studies [14, 15], the 

operational hypothesis was that concurrent training 

performed twice a week or three times a week would 

produce similar muscular adaptations. 

 

MATERIALS AND METHODS 

 

Participants 

 

This study enrolled volunteers aged 60 years or older, who 

have been previously engaged in a regular concurrent 

training program. The exclusion criteria included any 

history of neuromuscular, metabolic, hormonal or 

cardiovascular diseases. Medical evaluations were 

performed using a health status questionnaire and a 

maximal exercise test with 12-lead electrocardiography. 

Participants were advised to maintain their usual dietary 

intake throughout the study. Eleven patients were taking 

anti-hypertensive agents during the study, and they were 

asked to maintain their medication use throughout the 

study. All participants were informed about the study, 

including its potential risks and the discomforts related to 

the procedures, and provided written informed consent. 

This randomized clinical trial was conducted according to 

the Declaration of Helsinki and was approved by the local 

institutional review board (protocol number: 120196).  

 
Experimental design 

 

In a crossover randomized clinical trial, designed to 

compare the physiological effects of different concurrent 

training volumes in elderly men, we assessed a group of 

trained volunteers. They have previously participated in 

12 weeks of periodized resistance and aerobic training 

three times per week, performing both exercise types in 

the same training session [18, 19]. After the first 12 

weeks, they performed an additional eight weeks of 

concurrent training three times per week at a constant 

volume and intensity (25 min of aerobic training at self-

selected intensity and two sets of 10-12 repetitions of 

resistance training using the load correspondent to 15 

repetition maximum-RM) to maintain training 

adaptations.  

Therefore, after the 20 weeks of training, participants 

were eligible to be enrolled in the current trial of 10 weeks 

of concurrent training. They were randomly assigned to 

perform aerobic and resistance training either twice a 

week (2·week-1; n=12) or three times per week (3·week-1; 

n=12). To achieve balance across the groups, a computer-

based randomization list was generated in permuted 

blocks of four. The randomized lists were generated by an 

independent collaborator before the beginning of the trial 

and were maintained outside the clinic setting. 

Participants had access to their weekly training frequency 

only on the first day of experimental sessions.  

The aerobic and resistance exercises were performed 

during the same day/session, starting with resistance 

exercises and immediately followed by the aerobic 

exercise. The 2·week-1 group trained on Mondays and 

Fridays, and the 3·week-1 group trained on Mondays, 

Wednesdays, and Fridays. The resistance training was 

performed using three sets per exercise at intensities 

between 6-12 RM. The aerobic training lasted 30 min and 

was performed at 85-95% of heart rate that corresponded 
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to the second ventilatory threshold that was determined by 

a maximal incremental exercise test on a cycle ergometer. 

The concurrent training periodization was used to 

construct the exercise training programs, as previously 

described[16]. Despite the differences in the number of 

training sessions per week, both groups performed with 

the same intensity and volume (i.e., number of sets, 

repetitions and time) per session of concurrent training 

throughout the study. All training sessions were closely 

supervised by at least 2 experienced personal trainers.  

 

Measurements 

 

The testing sessions were conducted at the same time, 

daily. The environmental conditions (e.g., room 

temperature at 22–24 °C) were kept constant during the 

tests.  

The counter movement jump test was used to evaluate 

the maximal dynamic power. Using a force platform 

(OR6-WP, AMTI; Watertown, MA), participants were 

familiarized to the procedure by performing several jumps 

to learn the correct technique and to be able to execute 

three correct, valid jumps. They were instructed to stand 

with their feet approximately hip-width apart, hands on 

their hips and to perform the eccentric and concentric 

phases at maximum speed, flexing the knees at an angle 

of approximately 90° before starting the concentric phase. 

Each participant performed a specific warm-up with 3-5 

jumps. Three attempts were executed, with 30-60 seconds 

of rest intervals between the attempts. The greatest jump 

height was used for the data analyses and was determined 

by the following equation provided by Asmussen and 

Bonde-Petersen[20]: jump height=(flight time)2*1.226, 

using the SAD32 software (Mechanical Measurements 

Laboratory; UFRGS; Porto Alegre, Brazil). Signal 

processing included filtering with a fifth-order low-pass 

Butterworth filter and a cutoff frequency of 30 Hz. 

Participants were instructed to use the same sport shoes 

during the pre and post intervention. The test–retest 

reliability coefficient was 0.82.  

The isokinetic concentric knee extension peak torque 

was measured at speeds of 60°.s-1 and 180°.s-1 using a 

Cybex Norm II Isokinetic Dynamometer (Lumex Co, 

Ronkonkoma, NY, USA). The participants were 

positioned seated with their hips and thighs firmly 

strapped to the seat of the dynamometer, with the hip 

angle at 85°.After that, a warm-up of 15 submaximal 

repetitions at 120°.s-1 was performed. Then, maximal sets 

of five repetitions at the two speeds were performed with 

a five min interval between the sets. The contraction with 

the highest torque value was used in the data analyses. The 
test-retest reliability coefficients (ICC) were over 0.95 for 

both velocities. 

Muscle quality was evaluated by the quotient between 

the maximal dynamic strength, which was evaluated 

through the one-repetition maximal test (1RM) of the 

knee extensors, and the quadriceps femoris muscle 

thickness, which was evaluated by ultrasonography 

(Philips, VMI, Belo Horizonte, MG, Brazil). The 1RM 

was determined from no more than five attempts with a 

four-minute recovery between attempts. The muscle 

thickness was determined by the sum of the muscles 

vastus lateralis, vastus medialis, vastus intermedius and 

rectus femoris. A detailed description of the 1RM and 

muscle thickness testing procedures has been described 

elsewhere[16].  

Brachial blood pressure was measured in triplicate 

from the dominant arm using a valid calibrated 

oscillometric automatic device (Dinamap 1846 SX/P; 

Critikon, FL). Forearm blood flow was measured by 

venous occlusion plethysmography (D.E. Hokanson, 

Belleview, WA) in the nondominant forearm. A rapid 

inflator cuff was used in the upper arm to occlude venous 

outflow (50–60 mmHg), and three blood flow recordings 

were performed each minute for 3 min. During the 

measurements, the blood pressure was measured each 

minute. After the baseline measurement, reactive 

hyperemia was evaluated. The blood pressure cuff was 

inflated to 250 mmHg to institute arterial occlusion for 5 

min and was then deflated. Reactive hyperemia was 

calculated using the peak blood flow after the five-minute 

occlusion, and the forearm vascular resistance was 

calculated as the mean blood pressure divided by forearm 

blood flow[21]. All recordings were manually traced by 

an investigator, who was blinded to the assigned group. 

Prior to the study, the reproducibility of the forearm blood 

flow measurements was determined in a sample of 10 

healthy individuals with intraday and interday coefficients 

of variation of 6.9 and 9.2%, respectively.  

 

Statistical Analyses 

 

Descriptive data are reported as the mean±SD. A normal 

distribution and homogeneity parameters were assessed 

with Shapiro–Wilk and Levene tests. A t-test was used to 

compare the load lifted during the resistance sessions in 

each mesocycle. The training-related effects were 

assessed using a two-way analysis of variance (ANOVA) 

with repeated measures (group × time). Statistical 

significance was set at α=0.05, and the SPSS statistical 

software package (version 17.0) was used to analyze all 

data.  

 

RESULTS 
 

One participant dropped out from the 2·week-1 group due 

to personal issues. All the remaining participants 
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completed the protocol and had excellent attendance 

records (19.7 of 20 sessions (99%) in the 2·week-1 group 

and 29.1 of 30 sessions (97%) in the 3·week-1 group). The 

participant’s characteristics are shown in Table 1. There 

were no significant differences in the average weight 

lifted during each of the resistance training sessions 

between the groups in any of the mesocycles (Table 2). 

 

 

 
 

 

 

Table 1. Characteristics of the participants [mean ±SD or absolute frequency] 

 

  2·week-1 (n=11) 3·week-1 (n=12) 

 
Pre-training Post-training Pre-training Post-training 

Age, y  63.2 ± 2.2 - 65.7 ± 5.7 - 

Height, m  1.75 ± 0.6 - 1.69 ± 0.3 - 

Body mass, kg  81.4 ± 10.5 80.9 ± 10.2 76.1 ± 6.3 75.9 ± 7.6 

Body fat, % 27.8 ± 2.5 25.8 ± 3.7 26.2 ± 2.9 25.2 ± 2.6 

VO2peak, ml.kg.min-1 
22.3 ± 4.7 27.2 ± 4.5* 25.8 ± 4.9 29.4 ± 5.4* 

Anti-hypertensive Medications (n) 6 6 5 5 
VO2peak=peak oxygen consumption; Resistance-aerobic twice a week group (2·week-1) and resistance-aerobic three times a week group (3·week-1). 
*p<0.01 vs Pre. 

 

 
 

Muscle quality, isokinetic muscular torque, and 

counter movement jump height were similar at the 

baseline. Both training groups experienced significant 

increases in muscle quality and counter movement jump 

height (Fig. 1). Isokinetic peak torque at slow velocity 

(60°.s-1) increased significantly in both groups (2·week-1: 

193 ± 30 to 201 ± 37 Nm, and 3·week-1: 187 ± 30 to 191 

± 19 Nm, p = 0.036). Similarly, peak torque at fast 

velocity (180°.s-1) increased in both groups after training 

(2·week-1: 125 ± 21 to 134 ± 22 Nm, and 3·week-1: 123 ± 

24 to 124 ± 18 Nm, p = 0.014). No significant differences 

in the magnitudes of improvements were found between 

the groups. 

 

 
 
Table 2. Load lifted per day (kg) during the resistance training sessions in each mesocycle in the periodized 

resistance training 

 

 Knee extensors  Elbow flexors  

 2/week 3/week P value 2/week 3/week P value 

Mesocycle 1  56.6 ± 12.7 54.1 ± 9.7 0.60 17.1 ± 2.5 16.5 ± 3.0 0.62 

Mesocycle 2  65.2 ± 13.2 65.2 ± 10.5 0.99 19.3 ± 2.9 18.1 ± 3.1 0.36 

Mesocycle 3  76.2 ± 15.1 75.6 ± 10.6 0.91 22.3 ± 3.2 20.7 ± 3.4 0.27 
Data are means ± SD. Resistance-aerobic twice a week group (2·week-1) and resistance-aerobic three times a week group (3·week-1). 
 

 

 
 

Hemodynamic measures are presented in Table 2. There 

were no significant baseline differences in any of the 

cardiovascular measures between the groups. Basal 

forearm blood flow decreased and vascular resistance 

increased with concurrent training in both groups, but 

with no differences between the groups. Brachial blood 

pressure and reactive hyperemia did not change with 

concurrent training in either group.  
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DISCUSSION 

The primary finding of the present study was that the 

concurrent exercise training performed twice a week 

produced similar adaptations in muscular power and 

muscle quality to the concurrent training performed three 

times per week in previously trained elderly men. This is 

in spite of the fact that the overall training volume was 

substantially lower in the twice a week group. In fact, we 

investigated a group who previously participated in 20 

weeks concurrent training three times per week to 

demonstrate whether these individuals can increase their 

physical function even with a reduced training frequency. 

Our present findings may have an important implication 

for exercise prescription for regularly exercising older 

adults because relevant increases in muscle power and 

muscle quality are associated with functional capacity and 

may be achieved with a lower volume of exercise even in 

previously trained individuals.    

 

 

 

Figure 1. Changes in Muscle Quality (MQ) (A) and Countermovement jump 

(CMJ) height (B) with concurrent exercise training. Resistance-aerobic twice a 

week group (2·week-1) and resistance-aerobic three times a week group (3·week-1). 

Values are means ± SEM. * P<0.05 vs. Pre.  
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Table 3. Forearm hemodynamics and blood pressure with concurrent training. 

 

 2·week-1 (n=11) 3·week-1 (n=12) 

 Pre-training Post-training Pre-training Post-training 

FBF, ml.100ml-1.min-1 3.2 ± 0.5 2.7 ± 0.8* 3.4 ± 0.6 3.0 ± 0.7* 

FVR, U 29.8 ± 5.1 35.6 ± 7.7* 28.9 ± 7.8 33.9 ± 7.3* 

RH, ml.100ml-1.min-1 10.6 ± 1.6 9.7 ± 3.2 10.5 ± 2.4 10.7 ± 2.9 

Systolic BP, mm Hg 123 ± 18 123 ± 15 132 ± 17 137 ± 14 

Diastolic BP, mm Hg 75 ± 9 76 ± 9 73 ± 10 76 ± 9 

Mean BP, mm Hg 91 ± 10 92 ± 11 92 ± 11 95 ± 10 

Data are means ± SD; FBF, forearm blood flow; FVR, forearm vascular resistance; RH, reactive hyperemia; BP, blood pressure.  Resistance-
aerobic twice a week group (2·week-1) and resistance-aerobic three times a week group (3·week-1). *P<0.01 vs. Pre 

 

It has been suggested that muscular power is a more 

discriminant predictor of functional performance in older 

adults than muscle strength[6]. The present study 

demonstrated improvements in both vertical jump and 

isokinetic peak torque at fast velocity, two important 

methods used to assess lower extremity muscular power 

in older individuals. Moreover, 2·week-1 and 3·week-1 

programs produced similar improvements in muscular 

power, reinforcing the efficiency of lower frequencies of 

concurrent training in the elderly[16]. Considering that 

the capacity to perform daily activities, such as walking, 

climbing stars, and gardening among others, is critical for 

maintaining independent functioning in elderly 

individuals[6], the present results highlight the efficacy of 

concurrent exercise training to enhancing muscular power 

in previously trained elderly men. 

 Aging is associated with declines in the force per unit 

of muscle mass (i.e., muscle quality)[7, 22], and declines 

in muscle quality are associated with a reduced functional 

capacity in elderly populations[7, 22, 23]. A recently 

published study showed associations between muscle 

quality and functional tasks, such as 30-s sit-to-stand, and 

8 foot up-and-go after a short-term resistance training in 

untrained elderly[23]. Our results showed that combined 

resistance and aerobic exercises significantly improved 

muscle quality and that training twice a week or three 

times a week elicited similar magnitudes of improvements 

in muscle quality. To the best of our knowledge, this is the 

first study to investigate the concurrent training effects on 

muscle quality in previously trained elderly men.  

 A recent meta-analysis showed that concurrent 

training is effective in reducing blood pressure, and the 

hypotensive effects of exercise were observed after 

exercise programs with shorter durations[13]. The lack of 

change in blood pressure and hemodynamic measures 

observed in the present study may have been due to the 

previous training status of participants. Participants were 

previously trained in both aerobic and resistance training, 

so it is possible that hemodynamic improvements had 

already been achieved, as hemodynamic changes 

resulting from exercise training are fairly quick and robust 

in the first few months of training in previously untrained 

individuals[24].  

 A previous cross-sectional study showed that 

resistance-trained older individuals demonstrate greater 

muscle mass and higher basal leg blood flow compared 

with age-matched sedentary adults[25, 26]. One 

unexpected finding in the present study was that both 

groups experienced significant reductions in basal 

forearm blood flow with the concurrent training in both 

groups, especially considering that lean body mass, i.e., 

metabolically active tissue, increased with the concurrent 

training. However, changes with exercise training were 

relatively small in magnitude and may be within the 

measurement error of the plethysmographically measured 

forearm blood flow. 

 The present results bring important implications for 

exercise prescription. First, the combination of resistance 

and aerobic exercises is beneficial for developing and 

maintaining neuromuscular and cardiovascular functions 

in the previously trained elderly. Second, these functional 

benefits can be achieved even if the concurrent exercise 

was performed only twice a week in individuals who 

previously trained three times per week. Finally, the use 

of the current exercise program can help in counteracting 

the marked reductions in the cardiovascular and 

neuromuscular system that occur with advancing age and 

improve mobility and function in elderly populations. 

However, some limitations should be taken into account 

when interpreting the present results. First, a non-

exercising control group was not included in the study. 

Second, our sample consisted of men only, therefore 
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limiting the generalization of our findings to the female 

population. Third, a more comprehensive comparison 

would have been possible with the inclusion of a once 

weekly training group (i.e., weekend warriors), which 

could indicate whether a very low weekly training volume 

induces improvements in previously trained older 

individuals.  

 

Conclusion 
 

In previously trained older men, concurrent training 

performed twice a week produces similar responses in 

muscle power and muscle quality when compared with 

the same program performed three times per week in 

elderly men. Our results may have important practical 

applications in exercise prescription because lower 

frequencies of exercise associated with less time 

dedicated to exercise may facilitate a better adherence and 

compliance in this high-risk population. 
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