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Abstract 
Acute cardiovascular responses to different high-velocity 
resistance exercise protocols were compared in untrained older 
women. Twelve apparently healthy volunteers (62.6 ± 2.9 y) 
performed three different protocols in the bench press (BP). 
All protocols involved three sets of 10 repetitions performed 
with a 10RM load and 2 minutes of rest between sets. The 
continuous protocol (CP) involved ten repetitions with no 
pause between repetitions. The discontinuous protocols were 
performed with a pause of five (DP5) or 15 (DP15) seconds 
between the fifth and sixth repetitions. Heart rate (HR), sys-
tolic blood pressure (SBP), rate pressure product (RPP), Rating 
of Perceived Exertion (RPE), and blood lactate (BLa) were 
assessed at baseline and at the end of all exercise sets. Factorial 
ANOVA was used to compare the cardiovascular response 
among different protocols. Compared to baseline, HR and RPP 
were significantly (p < 0.05) higher after the third set in all 
protocols. HR and RPP were significantly (p < 0.05) lower in 
DP5 and DP15 compared with CP for the BP exercise. Com-
pared to baseline, RPE increased significantly (p < 0.05) with 
each subsequent set in all protocols. Blood lactate concentra-
tion during DP5 and DP15 was significantly lower than CP. It 
appears that discontinuous high-velocity resistance exercise 
has a lower cardiovascular demand than continuous resistance 
exercise in older women. 
 
Key words: Aging, weight training, blood pressure, heart rate, 
perceived exertion. 

 
 
Introduction 
 
Aging is associated with a progressive loss of muscle 
mass and strength, leading to a decline in physical func-
tion and increased disability (Baumgartner et al., 1998; 
Roubenoff et al., 1997). Muscular strength tends to peak 
between the second and third decade of life and remains 
essentially unchanged until about 50 years, when loss 
begins to occur at an accelerated rate (Nair, 1995). This 
process is believed to be caused by both muscle tissue 
atrophy and a loss of muscle fibers (Kamel, 2003; Lex-
ell, 1995). Type II fibers, also known as fast-twitch fi-
bers, are more affected by aging than type I fibers, which 
leads to a diminished ability to develop muscle power 
(Hakkinen et al., 2001a; 2001b; Izquierdo et al., 1999).  

Despite the structural and functional changes that 
occur with aging, skeletal muscle trainability appears to 

be preserved, and many positive physiological adapta-
tions occur in older persons as a result of exercise. In 
this regard, resistance exercise is recognized as a safe 
and effective strategy to improve lean body mass, mus-
cle strength, and power as well as the ability to perform 
functional tasks (Bottaro et al., 2007; Galvao and Taaffe, 
2005; Skelton et al., 1995). However, when prescribing 
resistance exercise to this population, assessment of 
acute physiological responses to exercise is of particular 
importance, especially when safety is considered. During 
resistance exercise, a number of acute changes occur in 
the cardiovascular system, such as increases in heart rate 
(HR), blood pressure (BP), and rate pressure product 
(RPP). These acute cardiovascular responses are influ-
enced by numerous factors, including active muscle 
mass, exercise intensity, number of repetitions, type of 
exercise, and type of muscle contraction (Mayo and 
Kravitz, 1999; Rozenek et al., 1993).  

Numerous studies have investigated the chronic 
effects of low-velocity and/or high-velocity resistance 
training on improving muscular fitness and functional 
performance in the elderly (Bottaro et al., 2007; Earles et 
al., 2001; Fielding et al., 2002; Hakkinen et al., 2001a; 
2001b; 2002; Henwood and Taaffe, 2005; Hruda et al., 
2003; Izquierdo et al., 2001; Miszko et al., 2003; New-
ton et al., 2002). Other studies have investigated the 
acute effects of resistance training and isometric muscle 
contractions on acute cardiovascular response in older 
adults (Petrofsky and Lind, 1975; Rozenek et al., 1993; 
Sagiv et al., 1988; Van Loan et al., 1989; Wescott and 
Howes, 1983). However, limited research has been pub-
lished that compares the acute cardiovascular responses 
to different protocols of high-velocity resistance exercise 
in older adults.  

One strategy that could be used to reduce cardio-
vascular stress imposed by high-velocity resistance train-
ing is the use of pauses between repetitions. Coelho et al. 
(2003) compared two formats of high-velocity resistance 
training protocols (continuous vs discontinuous) on HR 
and rate of perceived exertion (RPE) in young subjects 
and concluded that the discontinuous protocol was sig-
nificantly less demanding. However, the authors did not 
evaluate SBP, and studies in younger persons may not be 
fully applicable to the elderly since previous studies 
have reported different cardiovascular responses be-
tween younger and older persons (Smolander et al., 
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1998; Van Loan et al., 1989). We are unaware of any 
published studies analyzing high-velocity continuous 
and discontinuous resistance training protocols on acute 
cardiovascular responses (HR, BP, RPP) and RPE in 
older subjects. Therefore, the purpose of the present 
study was to evaluate and compare the effects of one 
continuous and two discontinuous high-velocity resis-
tance exercise protocols on the cardiovascular responses 
in older women.  
 
Methods 
 
Subjects 
Twelve apparently healthy older women between 60 and 
70 years old (62.6 ± 2.9 y) participated in the study pro-
tocol. All volunteers were untrained and had not per-
formed resistance training regularly in the year before 
the study. Exclusion criteria included orthopedic or 
neurological conditions that could limit exercise, history 
of cardiovascular or other systemic diseases that could 
interfere with the tests, and intake of medications that 
could influence acute cardiovascular responses to exer-
cise. The University’s ethical review board approved the 
study design, and all subjects read and signed a consent 
form prior to participation in the study. 

 
Anthropometry 
Body weight was assessed with a digital scale to the 
nearest 0.1 kg, and height was assessed with a stadiome-
ter to the nearest 0.1 cm (Toledo do Brazil, São 
Bernardo do Campo, SP – Brazil). Measurements were 
made with the subjects in light clothes and shoes re-
moved. Body mass index (BMI) was calculated as body 
weight (in kilograms) divided by the square of height (in 
meters).  

 
Ten maximum repetition (10RM) tests 
To reduce the effects of neurological adaptation from 
familiarization to baseline measures and to maximize 
reliability, subjects trained for three weeks (2 d/wk) 
before the first 10RM test.  

In the week before the experiment, the load for 
10RM was determined for each subject in the horizontal 
bench press (BP) exercise by using the maximum weight 
that could be lifted for 10 consecutive repetitions. If the 
subject did not accomplish 10RM in the first attempt, the 
weight was adjusted by 4-10 kg and a minimum of five 
minutes of rest was given before the next attempt. Only 
three trials were allowed per testing session. The tests 
were repeated in all subjects and data were analyzed by 
Pearson product moment correlations to estimate day-to-
day 10RM reliability (r = 0.97, p < 0.01). BP 10RM 
loads were 19.7 ± 2.9 kg. 

 
Experimental procedures 
To avoid any threats of internal validity, all 12 subjects 
performed each of the three protocols in a counterbal-
ance order; for some the first testing session was the 
continuous protocol (CP) while others started with the 
discontinuous protocols of either 5 (DP5) or 15 (DP15) 
seconds rest between the fifth and sixth repetitions. At 

least 48 but not more than 72 hrs of recovery time was 
allowed between each training session. All tests were 
conducted in the same facility between 1:30 PM and 
4:00 PM. Subjects refrained from ingesting caffeine and 
alcohol for 24 hours before all tests, and no other strenu-
ous exercise was performed before the experimental 
sessions. After baseline measurements of SBP and HR, 
volunteers warmed up on a stationary bicycle for 10 
minutes, followed by one set of 10 repetitions at 50% of 
the 10RM load. 

During the continuous protocol (CP) subjects per-
formed 10 repetitions with no pause between them. The 
two discontinuous protocols were performed with a 
pause of five (DP5) or 15 (DP15) seconds between the 
fifth and sixth repetitions. During the pauses of the dis-
continuous protocols the weight was re-racked. All pro-
tocols were performed at the load obtained during the 
10RM test with two minutes rest intervals between sets. 
However, to maintain the same training volume, subjects 
who did not complete 10 repetitions of the second or 
third sets during the first random protocol (CP, DP5, or 
DP15) were instructed to repeat the same number of reps 
during the second and the third protocols. Subjects were 
instructed to perform repetitions with maximum velocity 
in the concentric phase and to take 2-3 seconds to com-
plete the eccentric phase. The same technician controlled 
the rest intervals during all tests using a digital chro-
nometer. Subjects were instructed on proper breathing 
technique to discourage the Valsalva maneuver. 

 
Heart rate, blood pressure and rate pressure product 
Heart-rate (HR) was assessed using a portable telemetric 
device (Polar S810, Polar Electro Inc, Kempele – 
Finland). Using standardized techniques, a trained tech-
nician measured systolic blood pressure (SBP) by aus-
cultation using a mercury column syphgmomanometer 
(Glicomed, Rio de Janeiro, RJ - Brazil). Rate pressure 
product (RPP) was also calculated (RPP = HR x SBP x 
10-2, arbitrary units), as it is considered a reliable predic-
tor of myocardial oxygen demand (Gobel et al., 1978; 
Kitamura et al., 1972; Nelson et al., 1974; White, 1999). 

We are aware that intra-arterial pressure meas-
urement is considered the golden standard method for 
assessing blood pressures and that the auscultation 
method tends to underestimate this parameter. However, 
the intra-arterial measurement is an invasive procedure 
that might put participants at risk, which leads to a rec-
ommendation to avoid its use in healthy subjects (Perloff 
et al., 1993; Raftery, 1991), and we found it particularly 
limiting in older subjects. Even though the error margin 
of the auscultation method is higher, the assumption that 
the tendency to underestimate SBP is constant through-
out the exercises makes it suitable for comparing cardio-
vascular demand from different protocols of exercise in 
the same person.  

During the adaptation phase, baseline SBP was 
measured and mean and standard deviation (SD) were 
calculated in order to set reference values. Before the 
beginning  of  the  tests,  subjects  sat for 20 minutes in a  
quiet place for HR and SBP measurements. SBP was 
recorded as the moment of hearing the first Korotkoff 
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Table 2. Heart rate (beats/min) in the bench press exercise during different protocols. Data are means (±SD). 
 Baseline Set 1 Set 2 Set 3 
CP 79 (11) 98 (14) * 100 (13) * ‡ 101 (14) * ‡ 
DP5 80 (9) 94 (13) * † 95 (13) * † 95 (13) * † 
DP15 79 (8) 95 (8) * 95 (9) * † 95 (10) * † 
CP = continuous protocols, DP5 = discontinuous protocol with a 5-second pause between the 
fifth and sixth repetition, DP15 = discontinuous protocol with a 15-second pause between the 
fifth and sixth repetition. * p < 0.05 vs baseline; ‡ p < 0.05 vs 1st set; † p < 0.05 vs CP. 

 
sound and diastolic BP (DBP) as the moment of disap-
pearance of the Korotkoff sound. If the values obtained 
at the baseline testing were out of the range defined as 
mean ± SD of the reference values, the tests were not 
performed. HR was constantly measured and the highest 
value of HR obtained at the end of the exercise was used 
in the analysis. SBP was measured immediately after the 
end of each set of the BP exercise. Each resting blood 
pressure was measured by the same technician in all 
subjects, and reliability data were analyzed (r = 0.96, p < 
0.01). 

 
Rating of perceived exertion (RPE) 
RPE was assessed immediately after each set using the 
OMNI-RES scale (Robertson et al., 2003). The repro-
ducibility of the RPE test was 0.84 (p < 0.01) for the BP 
exercise. 

 
Blood lactate (BLa) 
A small sample of blood (25 µl) was taken from the right 
ear lobe after the completion of each protocol. Blood 
from these incisions was allowed to flow into a Brand 
NH4 heparinized capillary tube. From the capillary tube, 
the blood was added to a labeled Eppendorf tube filled 
with buffer (1% sodium fluoride) at a ratio of 1:3 (blood 
to buffer). These samples were then placed in a refrig-
erator at approximately 4ºC to be further analyzed using 
the YSI 1500 Lactate Analyzer (Yellow Springs Instru-
ment Co., Yellow Springs, OH – USA). 

 
Statistical analysis 
Standard statistical methods were used to calculate 
means and standard deviations (SD). Differences in HR, 
SBP, RPP and RPE were assessed using factorial 
ANOVA; a 3 x 4 design [protocol (CP, DP5, DP15) x 
time (baseline, first, second, and third sets)] was used for 
HR, SBP, RPP, and a 3 x 3 design [protocol (CP, DP5, 
DP15) x time (first, second, and third sets)] was used for 
RPE. Differences in BLa responses were assessed with a 
one way repeated measure ANOVA. Multiple compari-
sons with confidence interval adjustment by the LSD 
procedure were used for post-hoc comparisons when 
necessary. The p ≤ 0.05 criterion was used for establish-
ing statistical significance. All statistical analyses wer-
done with the SPSS 10.0 software (SPSS, Chicago, IL – 
USA). 

Results 
 
Descriptive characteristics of the sample (N = 12) are 
presented in Table 1. 

 
Table 1. Subjects characteristics. Data are means (±SD). 
Variable Values 
Age (years) 62.6 (2.9) 
Body weight (kg) 57.3 (7.9) 
Height (m) 1.53 (.07) 
BMI (kg/m²) 24.4 (2.9) 
Leg Press – 10 RM (kg) 66.5 (9.7) 
Heart rate (bpm) 78.3 (8.1) 
Systolic blood pressure (mmHg) 117.8 (3.2) 
Rate pressure product (mmHg x beats/min) 9217.9 (1019.6) 
 
Heart rate (HR) 
Table 2 represents the HR values for different protocols 
during the BP exercises. Within protocol analysis re-
vealed that HR was significantly lower at baseline when 
compared to the first, second, and third sets (p < 0.05). 
During the CP, HR was higher in the second and third 
sets in comparison to the first set (p < 0.05). Moreover, 
after the second and third sets, HR was higher during CP 
than both DP5 and DP15 (p < 0.05). 
 
Systolic blood pressure (SBP) 
The SBP values are presented in Table 3. Within group 
analysis for all protocols revealed that SBP was lower at 
baseline than after the first, second, and third sets, and 
lower after the first set in comparison with the second and 
third sets (p < 0.05). No significant differences in SBP 
were found between-groups. 
 
Rate pressure product (RPP) 
The values for RPP are presented in Figure 1. In all proto-
cols, RPP was lower at baseline than after the first, sec-
ond, and third sets (p < 0.05), and RPP was lower in the 
first set in comparison to the second and third sets (p < 
0.05). In the second and third sets, RPP was higher for the 
CP in comparison to both DP5 and DP15.  
 
Rate of perceived exertion (RPE) 
RPE values are presented in Figure 2. According to the 
results, RPE progressively increased throughout the sets. 
RPE in the third set was higher than both second and first,

 
Table 3. Systolic blood pressure (mmHg) in bench press exercise during different protocols. Data are means (±SD). 

 Baseline Set 1 Set 2 Set 3 
CP 117.5 (6.5) 132.5 (11.3) * 148.3 (14.0) * ‡ 147.5 (14.8) * ‡ 
DP5 120.4 (2.5) 134.5 (8.3) * 143.3 (6.1) * ‡ 145.0 (9.0) * ‡ 
DP15 116.6 (4.9) 133.7 (9.3) * 141.6 (8.3) * ‡ 144.5 (13.3) * ‡ 

CP – continuous protocols, DP5 – discontinuous protocol with a 5-second pause between the fifth 
and sixth repetition, DP15 – discontinuous protocol with a 15-second pause between the fifth and 
sixth repetition. * p < 0.05 vs baseline; ‡ p < 0.05 vs 1st set. 
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Figure 1. Rate pressure product (mmHg x beats/min) in the bench press exercise during differ-
ent protocols. Data are means (±SD). CP – continuous protocols, DP5 – discontinuous protocol with a 5-
second pause between the fifty and sixtieth repetition, DP15 – discontinuous protocol with a 15-second pause be-
tween the fifty and sixtieth repetition. * p < 0.05 vs baseline; ‡ p < 0.05 vs 1stset; † p < 0.05 vs CP. 

 
and RPE in the second was higher than first (p < 0.05). 
However, there were no differences for RPE among the 
three protocols. 
 
Blood lactate (BLa) 
Values of BLa after different protocols are illustrated in 
Figure 3. For the BP exercise, BLa concentration after CP 
was higher in comparison to DP15 (p < 0.05). However, 
after DP5, BLa was not significantly higher than DP15. 
 
Discussion 
 
Previous reviews have stated that high-velocity resistance 
training may provide specific benefits to elderly subjects 
(Kraemer et al., 2002; Porter, 2006), and this has been 
supported in recent experiments (Bottaro et al., 2007; 
Henwood and Taaffe, 2005; 2006). However, myocardial 
oxygen consumption (HR x SBP) increases substantially 

during the performance of dynamic resistance exercise 
(Fleck and Kraemer, 2004). Inability to supply oxygen to 
the myocardium when demand is high appears to be re-
lated to several cardiovascular events, including transient 
myocardial ischemia, acute myocardial infarction, and 
sudden death (Withe, 1999). Both research findings and 
clinical experience indicate that resistance exercise is 
relatively safe (Williams et al., 2007). However, most 
studies of resistance exercise have enrolled selected, low-
risk individuals, and many are too small to provide reli-
able estimates of event rates on a population-wide basis 
(McCartney, 1999). Thus, monitoring cardiovascular 
responses to resistance exercise with measures of HR, BP, 
and perceived exertion are commonly recommended 
(Williams et al., 2007).  

Analogous to the risks associated with aerobic ex-
ercise, cardiovascular risks associated with resistance 
training are likely determined by the age of the

 
 

 
 
 

Figure 2. Rate of perceived exertion (OMNI-RES) in the bench press exercises during different 
protocols. Data are means (±SD). CP – continuous protocols, DP5 – discontinuous protocol with a 5-second 
pause between the fifty and sixtieth repetition, DP15 – discontinuous protocol with a 15-second pause between the 
fifty and sixtieth repetition. ‡ p < 0.05 vs 1st set; † p < 0.05 vs 2nd set. 
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Figure 3. Blood lactate concentration (mM/l) in the bench press exercises after different proto-
cols. Data are means (±SD).  CP – continuous protocols, DP5 – discontinuous protocol with a 5-second pause 
between the fifty and sixtieth repetition, DP15 – discontinuous protocol with a 15-second pause between the fifty 
and sixtieth repetition * p < 0.05 vs CP. 

 
participant, his or her habitual physical activity and fit-
ness level, underlying CVD, and the intensity of resis-
tance training. Although excessive BP elevations have 
been documented with high-intensity resistance exercise, 
for example, 80% to 100% of 1-RM performed to exhaus-
tion, such elevations are generally not a concern with low- 
to moderate-intensity resistance training performed with 
correct breathing technique and avoidance of the Valsalva 
maneuver (McCartney, 1999). The present study used 
moderate-intensity training in older women, and the Val-
salva maneuver was avoided. All subjects completed the 
test protocols without incidents. 

According to our results, all protocols lead to in-
creases in HR, SBP, and RPP in comparison to baseline. 
Other studies that have characterized the continuous 
blood pressure response to weight lifting through the use 
of intra-arterial canulation and blood pressure recordings 
have shown similar specific blood pressure responses as 
demonstrated in the present study (Fleck and Dean, 1987; 
Gotshall et al., 1999; MacDougall et al., 1992). Gotshall 
et al. (1999), using three sets of 10RM, reported that SBP 
and mean pressures increased progressively within each 
set with the number of the repetition and also increased 
with each subsequent set of double-leg presses.  

The peak pressures reported by Gotshall et al. 
(1999) were higher than those reported in the present 
study; however, the subjects in the Gotshall et al. (1999) 
study were college age males while participants in the 
current study were older women. Additionally, subjects in 
the Gotshall et al. (1999) study performed lower body 
exercise (double-leg press) and subjects in the present 
study performed upper body exercise (BP). 

The HR response to exercise involves an integra-
tion of the cardiovascular, muscular, and central nervous 
systems ( Mayo and Kravitz, 1999; Mitchell et al., 1980; 
1981). Contraction of skeletal muscle, activation of affer-
ent fibers by stretch, and increased metabolite production 
can contribute to changes in HR during resistance training 
(Stone et al., 1985). In addition, exercise also promotes a 
rise in plasma catecholamines, an increase in sympathetic 
stimulation, and a decrease in parasympathetic drive 
(Mayo and Kravitz, 1999).  The acute blood pressure 
response to resistance training is comprised of central and 

peripheral components (Mayo and Kravitz, 1999). The 
central mechanisms arise from supraspinal brain regions 
and are directly related to voluntary effort, while the pe-
ripheral components originate in the active muscle 
(Mitchell, 1990; Sale et al., 1994). Additionally, the high 
intra-muscular pressure associated with resistance exer-
cise promote mechanical compression of arterial vessels, 
occluding blood flow to the active tissues (Lind et al., 
1964). These lead to increases in metabolic by-products 
such as H+, lactate, and ADP, which, in turn, activate 
nerve endings and stimulate the pressure reflex (Mayo 
and Kravitz, 1999). 

Between groups comparison revealed that RPP and 
HR was lower in DP5 and DP15 than CP in the second 
and third sets of the BP exercise. No between-groups 
difference in SBP occurred between CP and both discon-
tinuous protocols during the BP exercise. Therefore, data 
analysis revealed that differences in RPP during the BP 
exercise seem to be mainly determined by differences in 
the HR response. 

 In a previous study, older subjects performed hip 
flexion and shoulder abduction under two different proto-
cols (Veloso et al., 2003). In one protocol, four sets of six 
repetitions were performed; in the other, subjects per-
formed two sets of 12 continuous repetitions, both at the 
load obtained in the 12RM test. In both protocols, hip 
flexion and shoulder abduction were performed in an 
alternate manner with no rest between exercises. Accord-
ing to the results, there were no differences between pro-
tocols for HR, however, significant differences were ob-
served in SBP and RPP when the second continuous set 
was compared to the second intermittent set. Neverthe-
less, the exercises were performed in an alternate manner 
with no rest between them despite the continuous or in-
termittent nature of the protocol, which limits comparison 
with the present study. 

In agreement with the present study, Coelho et al. 
(2003) found that BLa and HR responses to a continuous 
resistance training protocol (12 repetitions performed at 
high velocity) was significantly higher than after a discon-
tinuous protocol (15-second pause between the sixth and 
seventh repetitions) in young subjects. However, the au-
thors reported significant differences in RPE, which is in 
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contrast to the present study. After considering the Coelho 
et al. (2003) study, we also hypothesized that CP would 
elicit a higher RPE than DP15 of the same external work. 
This difference might be related to the resistance training 
protocol. The protocol of Coelho et al. (2003) involved 
the performance of 12 repetitions in six exercises, which 
should have been more metabolically demanding, as seen 
by BLa values more than twice as high as the values 
found in the present analysis. Another difference may be 
the methods used in the analysis; the present study used 
the OMNI-RES scale, while Coelho et al. (2003) used the 
CR-10 scale.  

It is possible that during DP15 and DP5, at least 
partial recovery of CP stores may have occurred, leading 
to an increased utilization of the ATP-CP anaerobic meta-
bolic pathway. Additionally, the utilization of pauses 
during the sets may have lead to a reduced vascular occlu-
sion. These may have decreased metabolite accumulation 
and thus, to a lower stimulus to chemical receptors. BLa 
analysis showed that BLa values for CP and DP5 were 
higher than values for DP15; therefore, the stimulation of 
chemical receptors may have been weaker for CP and 
DP5. 

  
Conclusion 
 
In conclusion, based on the present findings, it appears 
that discontinuous high-velocity resistance exercise may 
have a lower cardiovascular demand than continuous 
resistance exercise in older women. There was a 7.2% 
reduction in RPP for DP5 compared to CP at the end of 
the third set, and a SBP reduction of ~ 5 mmHg and ~3 
mmHg for the second and third set, respectively.  Al-
though the difference between protocols is not great, it 
may still be physiologically relevant.  According to Whel-
ton et al. (2002), even a modest 3 mmHg drop in SBP has 
been associated with reduced cardiac morbidity by 5% to 
9%, stroke by 8% to 14%, and all-cause mortality by 4%.   

Also, it appears that there is no difference between 
DP5 and DP15 on RPP. Thus, applying a 5-second pause 
might be a good strategy to decrease cardiovascular strain 
during high-velocity muscle contraction resistance train-
ing in older women. It is worth noting that, although no 
difference was reported between DP5 and DP15, a 15-
second pause could be distinguished as a rest interval 
between sets and create a false set leading to different 
chronic adaptations.  

These findings may help exercise scientists pre-
scribe high-velocity resistance exercise in a safe manner. 
It is not known, however, whether the chronic physiologi-
cal adaptations associated with resistance exercise are 
similar for continuous and discontinuous protocols; there-
fore, future studies regarding this topic are warranted. 
 
References  
 
Baumgartner, R.N., Koehler, K.M., Gallagher, D., Romero, L., Heyms-

field, S.B., Ross, R.R., Garry, P.J. and Lindeman, R.D. (1998) 
Epidemiology of sarcopenia among the elderly in New Mexico. 
American Journal of Epidemiology 147, 755-763. 

Bottaro, M., Machado, S.N., Nogueira, W., Scales, R. and Veloso, J. 
(2007) Effect of high versus low-velocity resistance training on 

muscular fitness and functional performance in older men. 
European Journal of Applied Physiology 99, 257-264. 

Coelho, C.W., Hamar, D. and de Araujo, C.G. (2003) Physiological 
responses using 2 high-speed resistance training protocols. 
Journal of Strength and Conditioning Research 17, 334-337. 

Earles, D.R., Judge, J.O. and Gunnarsson, O.T. (2001) Velocity training 
induces power-specific adaptations in highly functioning older 
adults. Archives of Physical Medicine and Rehabilitation 82, 
872-878. 

Fielding, R.A., LeBrasseur, N.K., Cuoco, A., Bean, J., Mizer, K. and 
Fiatarone Singh, M.A. (2002) High-velocity resistance training 
increases skeletal muscle peak power in older women. Journal 
of the American Geriatrics Society 50, 655-662. 

Fleck, S.J. and Dean, L.S. (1987) Resistance-trainjng experience and 
the pressor response during resistance exercise. Journal Ap-
plied Physiology 63, 116-120. 

Fleck, S.J. and Kraemer, W.J. (2004) Designing resistance training 
programs. Champaign, 3rd edition. Human Kinetics, Illinois. 

Galvao, D.A and Taaffe, D.R. (2005) Resistance exercise dosage in 
older adults: single- versus multiset effects on physical per-
formance and body composition. Journal of the American 
Geriatrics Society 53, 2090-2097. 

Gobel, F.L., Norstrom, L.A., Nelson, R.R., Jorgensen, C.R. and Wang, 
Y. (1978) The rate-pressure product as an index of myocardial 
oxygen consumption during exercise in patients with angina 
pectoris. Circulation 57, 549-556. 

Gotshall, R.W., Gootman, J., Byrnes, W.C., Fleck, S.J and Valovich, 
T.C (1999) Noninvasive characterization of blood pressure re-
sponse to the double-leg press exercise. Journal of Exercise 
PhysiologyOnline 2, 1-6. 

Hakkinen, K., Kraemer, W.J., Newton, R.U and Alen, M. (2001a) 
Changes in electromyographic activity, muscle fibre and force 
production characteristics during heavy resistance/power 
strength training in middle-aged and older men and women. 
Acta Physiologica Scandinavica 171, 51-62. 

Hakkinen, K., Kraemer, W.J., Pakarinen, A., Triplett-McBride, T., 
McBride, J.M., Hakkinen, A., Alen, M., McGuigan, M.R., 
Bronks, R. and Newton, R.U. (2002) Effects of heavy resis-
tance/power training on maximal strength, muscle morphology, 
and hormonal response patterns in 60-75-year-old men and 
women. Canadian Journal of Applied Physiology 27, 213-231. 

Hakkinen, K., Pakarinen, A., Kraemer, W.J., Hakkinen, A., Valkeinen, 
H. and Alen, M. (2001b) Selective muscle hypertrophy, 
changes in EMG and force, and serum hormones during 
strength training in older women. Journal Applied Physiology 
91, 569-580. 

Henwood, T.R. and Taaffe, DR. (2005) Improved physical performance 
in older adults undertaking a short-term programme of high-
velocity resistance training. Gerontology 51, 108-115. 

Henwood, T.R. and Taaffe, D.R. (2006) Short-term resistance training 
and the older adult: the effect of varied programmes for the en-
hancement of muscle strength and functional performance. 
Clinical Physiology and Functional Imaging 26, 305-313. 

Hruda, K.V., Hicks, A.L. and McCartney, N. (2003) Training for 
muscle power in older adults: effects on functional abilities. 
Canadian Journal of Applied Physiology 28, 178-189. 

Izquierdo, M., Aguado, X., Gonzalez, R., Lopez, J.L. and Hakkinen, K. 
(1999) Maximal and explosive force production capacity and 
balance performance in men of different ages. European Jour-
nal of Applied Physiology and Occupational Physiology 79, 
260-267. 

Izquierdo, M., Hakkinen, K., Ibanez, J., Garrues, M., Anton, A., 
Zuniga, A., Larrion, J.L. and Gorostiaga, E.M. (2001) Effects 
of strength training on muscle power and serum hormones in 
middle-aged and older men. Journal Applied Physiology 90, 
1497-1507. 

Kamel, H.K. (2003) Sarcopenia and aging. Nutrition Reviews 61, 157-
167. 

Kitamura, K., Jorgensen, C.R., Gobel, F.L., Taylor, H.L. and Wang, Y. 
(1972) Hemodynamic correlates of myocardial oxygen con-
sumption during upright exercise. Journal Applied Physiology 
32, 516-522. 

Kraemer, W.J., Adams, K., Cafarelli, E., Dudley, G.A., Dooly, C., 
Feigenbaum, M.S., Fleck, S.J., Franklin, B., Fry, A.C., Hoff-
man, J.R., Newton, R.U., Potteiger, J., Stone, M.H., Ratamess, 
N.A. and Triplett-McBride, T. (2002) American College of 
Sports Medicine position stand. Progression models in resis-



Resistance training in elderly 
 

 

 

566

tance training for healthy adults. Medicine and Science in 
Sports and Exercise 34, 364-380. 

Lexell, J. (1995) Human aging, muscle mass, and fiber type composi-
tion. Journals of Gerontology Series A: Biological Sciences 
and Medical Sciences 50 Spec No, 11-16. 

Lind, A.R., Taylor, S.H., Humphreys, P.W., Kennelly, B.M and Don-
ald, K.W. (1964) The Circulatiory Effects of Sustained Volun-
tary Muscle Contraction. Clinical Science 27, 229-244. 

MacDougall, J.D., McKelvie, R.S., Moroz, D.E., Sale, D.G., 
McCartney, N. and Buick, F. (1992) Factors affecting blood 
pressure during heavy weight lifting and static contractions. 
Journal Applied Physiology 73, 1590-1597. 

McCartney, N. (1999) Acute responses to resistance training and safety. 
Medicine & Science in Sports & Exercise 31, 31–37. 

Mayo, J.J. and Kravitz, L. (1999) A review of the acute cardiovascular 
responses to resistance exercise of healthy young and older 
adults. Journal of Strength and Conditioning Research 13, 90-
96. 

Miszko, T.A., Cress, M.E., Slade, J.M., Covey, C.J., Agrawal, S.K. and 
Doerr, CE. (2003) Effect of strength and power training on 
physical function in community-dwelling older adults. Journals 
of Gerontology Series A: Biological Sciences and Medical Sci-
ences  58, 171-175. 

Mitchell, J.H. (1990) J.B. Wolffe memorial lecture. Neural control of 
the circulation during exercise. Medicine & Science in Sports & 
Exercise 22, 141-154. 

Mitchell, J.H., Payne, F.C., Saltin, B. and Schibye, B. (1980) The role 
of muscle mass in the cardiovascular response to static contrac-
tions. Journal Physiology 309, 45-54. 

Mitchell, J.H., Schibye, B., Payne, F.C. and Saltin, B. (1981) Response 
of arterial blood pressure to static exercise in relation to muscle 
mass, force development, and electromyographic activity. Cir-
culation Research 48, I70-75. 

Nair, K.S. (1995) Muscle protein turnover: methodological issues and 
the effect of aging. Journals of Gerontology Series A: Biologi-
cal Sciences and Medical Sciences 50, 107-112. 

Nelson, R.R, Gobel, F.L, Jorgensen, C.R, Wang, K., Wang, Y. and 
Taylor, H.L. (1974) Hemodynamic predictors of myocardial 
oxygen consumption during static and dynamic exercise. Cir-
culation 50, 1179-1189. 

Newton, R.U., Hakkinen, K., Hakkinen, A., McCormick, M., Volek, J. 
and Kraemer, W.J. (2002) Mixed-methods resistance training 
increases power and strength of young and older men. Medi-
cine & Science in Sports & Exercise 34, 1367-1375. 

Perloff, D., Grim, C., Flack, J., Frohlich, E.D., Hill, M., McDonald, M. 
and Morgenstern, B.Z. (1993) Human blood pressure determi-
nation by sphygmomanometry. Circulation 88, 2460-2470. 

Petrofsky, J.S. and Lind, A.R. (1975) Aging, isometric strength and 
endurance, and cardiovascular responses to static effort. Jour-
nal Applied Physiology 38, 91-95. 

Porter, M.M. (2006) Power training for older adults. Applied Physiol-
ogy, Nutrition, and Metabolism 31, 87-94. 

Raftery, E.B. (1991) Direct versus indirect measurement of blood 
pressure. Journal Hypertension Supplement 9, S10-12. 

Robertson, R.J., Goss, F.L, Rutkowski, J., Lenz, B., Dixon, C., Timmer, 
J., Frazee, K., Dube, J. and Andreacci, J. (2003) Concurrent 
validation of the OMNI perceived exertion scale for resistance 
exercise. Medicine & Science in Sports & Exercise 35, 333-
341. 

Roubenoff, R., Heymsfield, S.B., Kehayias, J.J., Cannon, J.G. and 
Rosenberg, I.H. (1997) Standardization of nomenclature of 
body composition in weight loss. American Journal of Clinical 
Nutrition 66, 192-196. 

Rozenek, R., Rosenau, L., Rosenau, P. and Stone, M.H. (1993) The 
effect of intensity on heart rate and blood lactate response to re-
sistance exercise. Journal of Strength and Conditioning Re-
search 7, 51-54. 

Sagiv, M., Hanson, P., Goldhammer, E., Ben-Sira, D. and Rudoy, J. 
(1988) Left ventricular and hemodynamic responses during up-
right isometric exercise in normal young and elderly men. Ger-
ontology 34, 165-170. 

Sale, D.G, Moroz, D.E., McKelvie, R.S., MacDougall, J.D. and 
McCartney, N. (1994) Effect of training on the blood pressure 
response to weight lifting. Canadian Journal of Applied Physi-
ology 19, 60-74. 

Skelton, D.A., Young, A., Greig, C.A. and Malbut, K.E. (1995) Effects 
of resistance training on strength, power, and selected func-

tional abilities of women aged 75 and older. Journal of the 
American Geriatrics Society 43, 1081-1087. 

Smolander, J., Aminoff, T., Korhonen, I., Tervo, M., Shen, N., Korho-
nen, O. and Louhevaara, V. (1998) Heart rate and blood pres-
sure responses to isometric exercise in young and older men. 
European Journal of Applied Physiology and Occupational 
Physiology 77, 439-444. 

Stone, H.L., Dormer, K.J., Foreman, R.D., Thies, R. and Blair, R.W. 
(1985) Neural regulation of the cardiovascular system during 
exercise. Federation Proceedings  44, 2271-2278. 

Van Loan, M.D., Massey, B.H., Boileau, R.A., Lohman, T.G., Misner, 
J.E. and Best, PL (1989) Age as a factor in the hemodynamic 
responses to isometric exercise. Journal of Sports Medicine 
And Physical Fitness 29, 262-268. 

Veloso, U., Monteiro, W. and Farinatti, P. (2003) Dos continuous and 
intermittent exercises sets induce similar cardiovascular re-
sponses in the elderly women? Brasilian Journal of Sports 
Medicine 9, 85-90. 

Whelton, S.P., Chin, A., Xin, X. and He, J. (2002) Effect of aerobic 
exercise on blood pressure: a meta-analysis of randomized, 
controlled trials. Annals of Internal Medicine 136, 493–503. 

Wescott, W. and Howes, B. (1983) Blood pressure response during 
weight training exercise. National Strength Conditioning Asso-
ciation Journal 5, 67–71. 

White, W.B. (1999) Heart rate and the rate-pressure product as deter-
minants of cardiovascular risk in patients with hypertension. 
American Journal of Hypertension 12, 50S-55S. 

Williams, M.A., Haskell, W.L., Ades, P.A., Amsterdam, E.A., Bittner, 
V., Franklin, B.A., Gulanick, M., Laing, S.T., Stewart, K.J. 
(2007) Resistance exercise in individuals with and without car-
diovascular disease: 2007 update: a scientific statement from 
the American Heart Association council on clinical cardiology 
and council on nutrition, physical activity, and metabolism. 
Circulation 116, 572-584. 

 
 
 

 
Key points 
 
• The assessment of cardiovascular responses to high-

velocity resistance exercise in older individuals is 
very important for exercise prescription and reha-
bilitation in elderly population. 

• Discontinuous protocol decrease myocardial oxygen 
consumption (HR x SBP) during the performance of 
dynamic high-velocity resistance exercise in older 
women. 

• The decrease in RPP (~ 8.5%) during the discon-
tinuous protocol has clinical implications when de-
veloping high-velocity resistance exercise strategies 
for elderly individuals. 
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