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Do continuous and intermittent exercises sets induce
similar cardiovascular responses in the elderly women?*

Úrsula Veloso1, Walace Monteiro2 and Paulo Farinatti1

INTRODUCTION

Among the physiological changes that occur with ag-
ing, strength reduction can be mentioned, with a marked
influence in daily-life activities1-3. On the other hand, it is
known that resistive exercises can increase or preserve
muscular mass of elders, contributing to a decrease in or-
thopedic injuries and maintenance of functional indepen-
dence4,5. For the development of exercise programs for el-
ders, one should be careful in considering training variables,
such as frequency during the week, length of time, selec-
tion of exercises, number of sets and repetitions, intensity,
and form of progression6,7. One of the aspects to be con-
sidered is the safety of the proposed activities, particularly
on acute cardiovascular responses. For this purpose many
authors have used assessment of heart rate (HR), blood pres-
sure (BP), and rate-pressure product (RPP) as non-invasive
indicators of cardiovascular overload during exercise8-12.

Factors such as workload, tension time, and muscular
mass involved in the exercise are acknowledged as being
able to influence cardiovascular responses during exercise13-

15. However, the available studies seem to focus basically
weight-lifting exercises, on an individual basis. Classes of
resistive exercises can also be an option to enhance strength,
and are typically practiced by elders who seek to undergo
exercise programs. In addition to the possibility of work-
ing on specific muscle groups, this is a type of activity that
favors integration and socialization, which increases long-
term compliance16. However, one could not find studies
analyzing the influence of variations in the practice of ex-
ercises on acute cardiovascular responses in elders. For
instance, a resource often used is to divide sets of repeti-
tions over different exercises, which theoretically would
delay localized fatigue. It is not known up to what point
this would also influence acute behavior of cardiovascular
variables.

Thus, the purpose of the study was to compare HR, SBP

and RPP in exercises involving different muscle groups and
strategies of load/repetition interaction in continuous and
intermittent sets. One tried to determine if simple changes
in the practice of exercises with no changes in loads could
impact the magnitude of responses, thus influencing safe-
ty levels of the proposed activities.
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ABSTRACT

There is a lack of information about elderly acute car-
diovascular responses in the elderly during exercise involv-
ing different muscle groups and strategies of load/repeti-
tion interaction (LRI) in continuous and intermittent sets.
The purpose of this study was to compare heart rate (HR),
systolic blood pressure (SBP), rate-pressure product (RPP)
and quality of exercise performance (QEx) of upper and
lower body exercises (arms abduction and hip flexion) in
different situations of LRI. Twelve healthy women aged 65
to 85 years old volunteered to this study. The subjects per-
formed both exercises at 12 maximal repetitions workload,
continuously (2 sets of 12 reps) and alternately (4 sets of 6
reps). HR was measured with a cardiotachometer and SBP

through auscultation technique at the end of the last repeti-
tion of each set. The exercises were recorded in video to
evaluate QEx. At least for the selected exercises, LRI did
not influence QEx. However, SBP and RPP values for the
intermittent sets were significantly higher than for contin-
uous situations (p < 0.05). The authors concluded that con-
tinuous sets seem to be associated to greater cardiovascu-
lar stress in elder subjects, mainly because of SBP responses
during the exercise.
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MATERIAL AND METHODS

Twelve healthy women aged 65 to 85 years old (mean =
72 ± 6 years) volunteered to the study. For sample selec-
tion, the following criteria were met: a) regular practice of
exercises for at least 3 months; b) body mass index ≤ 35
kg/m2, preventing overweight levels to compromise the
quality of exercise performance; c) Par-Q questionnaire neg-
ative. For exclusion criteria, the following were consid-
ered: a) use of drugs that affected HR during exercise; b)
bone-muscle-joint problems that limited the performance
of the proposed exercises. All volunteers signed an informed
consent form, as recommended by resolution 196/96 of the
National Health Council, after approval of the Ethics Com-
mittee.

The developed protocol included two exercises, one for
lower limbs (LLS), the other, for upper limbs (ULS). The
exercises were performed under two different situations.
In each one of them the volume of training was kept, with
different number of continuous repetitions. Thus, in one
situation, four sets of six repetitions (intermittent set) were
performed, whereas in the other situation, two sets of twelve
repetitions (continuous set) were performed. Therefore, it
was considered as continuous set the performance without
interruption of a given exercise. The intermittent set, by
comparison, is the one in which the sequence is not fol-
lowed, and the proposed exercises are alternated, even
though the activity itself was not interrupted. The LLS ex-
ercise was hip unilateral flexion, with bent knees, from the
standing position up to a 90o angle between thigh and trunk.
To maintain balance and standing posture, exercise was
performed with the use of a bat in front of the body (figure
1). For ULS, the exercise was shoulder abduction up to a
90o angle to the trunk, extended elbows and wrists in ‘neu-
tral position’ (figure 2).

Prior to data collection, each subject performed a 12 MR

test to define the workload to be used in the exercise. Fur-
thermore, a set for adaptation was also performed. Data
was then collected on the two following days. For each
individual, the order the exercises were performed and the
type of sets were defined according to the Latin square
technique. Each subject performed two sets of 12 repeti-
tions each for each lower limb, alternating them with exer-
cises for upper limbs in different days. There were no in-
tervals between the exercises, in an attempt to duplicate
the conditions typically found in gym classes.

In the two proposed situations, the following variables
were assessed: HR, BP and quality of exercise performance
(QEx). HR was measured continuously during the exercises
with the use of a Polar© cardiotachometer, model Accurex
Plus. BP was measured at the end of the last repetition of

each set, with the use of a Tycos© sphygmotonograp and a
Lithman© stetoscope, model Classic II. For this purpose,
the instrument was placed on the right arm prior to the per-
formance of the exercises, and inflated at the end of the
last repetition. Two evaluators made the measurement.
While one held the BP recorder, the other inflate the instru-
ment to measure BP level and listened to Korotkoff sound.

A concern to be clarified was about quality of exercise
performance, which could be influenced by the type of set.
In other words, to compare acute cardiovascular responses
induced by the types of exercise performance, it would be

Fig. 1 – Exercise for lower limbs

A) B)

Fig. 2 – Exercise for upper limbs

A) B)
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necessary, before anything else, to have evidence that the
performed exercise was not significantly different from the
other. Otherwise, one would actually be comparing differ-
ent activities. To assess QEx, the movements were filmed,
and two evaluators scored it according to a scale especial-
ly designed for the study. The more defective the perfor-
mance of the exercise, the higher the score on the scale
(tables 1 e 2). The final score was the average of the scores
from the two evaluators.

Statistical analysis involved the following procedures:
a) to compare HR, BP and RPP results between the sets of a
same number of repetitions, and between continuous and
intermittent situations, one used a two-entry ANOVA, and
the variables used were sets and type of performance; b) to
check for inter-observer reliability and QEx consonance
between the sets, Wilcoxon, and Spearman correlation tests
were applied. For all cases, a 5% level for type I error was
required for statistical significance.

RESULTS

Initially, the impact of the proposed performance on QEx

was assessed. After viewing the films, the scores given by
the two evaluators were compared in the following situa-
tions: a) ULS and LLS exercises; b) continuous and inter-
mittent sets. This strategy was used to assess intra-evalua-
tor reliability on QEx assessment. As shown in tables 1 and
2, no significant differences between the scores given in
the different situations were found.

Once it was confirmed that the type of execution (con-
tinuous or intermittent) did not interfere in the quality of
the proposed exercises, one moved on to assess data relat-

TABLE 2

Assessment scale for quality of exercise

performance (upper limbs)

General impression of the
performance (right posture) 1 pt

Use of the body to help the motion
(move trunk backwards) 2 pt

Loss of performance rhythm
during repetitions 2 pt

Inadequate range of motion
during performance 3 pt

Undesired shift of the
exercise performance plan 1 pt

Bend wrist during performance 1 pt

TABLE 1

Intra-observers reliability

Studied combinations Wilcoxon Spearman

Upper limbs 6 repetitions – evaluator 1 x 2 NS r = 0.82
Lower limbs 6 repetitions – evaluator 1 x 2 NS r = 0.81
Upper limbs 12 repetitions – evaluator 1 x 2 NS r = 0.77
Lower limbs 12 repetitions – evaluator 1 x 2 NS r = 0.86

NS = not significant

TABLE 2

Correlation between 6 and 12 repetitions

Studied combinations Wilcoxon Spearman

Upper limbs 6 rep x 12 rep – evaluator 1 NS r = 0.60
Lower limbs 6 rep x 12 rep – evaluator 1 NS r = 1.00
Upper limbs 6 rep x 12 rep – evaluator 2 NS r = 0.63
Lower limbs 6 rep x 12 rep – evaluator 2 NS r = 0.95

NS = not significant

TABLE 1

Assessment scale for quality of

exercise performance (lower limbs)

General impression of the performance (right posture) 1 pt
Use of undesired muscle groups to help performance 2 pt
Loss of performance rhythm during repetitions 2 pt
Inadequate range of motion during performance 3 pt
Undesired shift of the exercise performance plan 2 pt
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ed to acute responses of cardiovascular variables. Thus,
figures 3, 4 and 5 show ANOVA mean values and results for
HR, SBP and RPP, respectively, for the different performance
situations. As one can see, there was no significant differ-
ence in HR for sets with the same number of repetitions,
the same going for the two performance situations (contin-
uous and intermittent). As to BP responses, there were sig-
nificant differences when the first set was compared to the
second in both situations, or when the second continuous
set was compared to the second intermittent set. On the
other hand, the same was not seen when one compared the
first continuous set with the first intermittent set. Finally,
significant RPP differences were found when comparing sets
with the same number of repetitions, as well as for the dif-
ferent forms of performance.

DISCUSSION

When prescribing exercises, assessment of the dynamic
responses to effort is fundamental, particularly when one
considers safety. In this context, literature has shown that
double-product is a good non-invasive indicator to estimate
oxygen demand by the myocardium, at least for continu-
ous aerobic activities9,10,17. For non-continuous activities,
such as resistance training, RPP measure is not correlated
to oxygen demand by the myocardium. This, however, does
not prevent this measure from being valued in assessing
heart overload. Under any perspective one appreciates this
subject, higher rate-pressure product during exercise is due
to more significant heart rate, systolic volume, heart out-
put, and, in some cases, systemic resistance; therefore, high-
er the cardiovascular stress. Thus, institutions such as the

American College of Sports Medicine7 consider this vari-
able the best indicator of cardiac demand in weight-lifting
programs.

For determining RPP in this study, an existing limitation
is the blood pressure measuring technique. Auscultation
method tends to underestimate blood pressure values for
resistive exercises, as they rapidly fall at end of muscle
contraction. Therefore, intra-arterial measurement is con-
sidered the golden standard to measure blood pressure.
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Fig. 5 – Double-product in continuous and intermittent exercises
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Fig. 3 – Heart rate response in continuous and intermittent exercises
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Fig. 4 – Blood pressure response in continuous and intermittent exercises

Rest SP: Blood pressure at rest
SP6 Set 1: Systolic blood pressure after two sets of six repetitions
SP6 set 2 Systolic blood pressure after four sets of six repetitions
SP 12 Set 1: Systolic blood pressure after one set of twelve repetitions
SP 12 Set 2: Systolic blood pressure after two sets of twelve repetitions
* significant difference for 6 and 12 repetitions (p < 0.05)
+ significant difference between sets (6 rep) (p < 0.05)
# significant difference between sets (12 rep) (p < 0.05)
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However, being an invasive procedure, there might be high
risks for the participant. Thus, upon ethical considerations,
the use of this technique is not advised in trials with healthy
subjects18,19. Even though the error margin is higher and it
is harder to duplicate results, the auscultatory method is
easier to apply, with smaller risk. The assumption is that
the tendency to underestimate absolute blood pressure val-
ues, particularly SBP one, is kept throughout the exercise.
Thus this method allows identification, at least by compar-
ison, of cardiovascular demand from the exercises20. In other
words, through auscultation it is possible to state that car-
diovascular overload caused by an exercise may be bigger
than the one caused by another, even though one does not
accurately measure absolute BP and RPP values. Other stud-
ies used auscultation to compare blood pressure responses
from different activities involving resistive exercises, un-
der the same assumption21-24.

We did not find studies comparing cardiovascular re-
sponses in continuous and intermittent exercises sets prac-
ticed by elders in gym classes. Literature has shown more
concern in addressing the effects of resistive exercises prac-
ticed in an appropriate equipment. Some examples are the
studies of Overend et al.11 and Smolander et al.25, who fo-
cused their attention on cardiovascular stress of youngsters
and elders during isokinetic and isometric exercises, re-
spectively. The results of this study showed there was no
significant HR differences between continuous and inter-
mittent sets with similar or different number of repetitions,
showing that the proposed workout situations did not in-
fluence the response of this variable. However, it was ex-
pected that HR increased according to the mobilized mus-
cular mass and with tension time the musculature was
subjected to26,27. One of the aspects that may have influen-
ced the results was the continuity in performing both exer-
cises: in spite of the continuous or intermittent nature of
each one of them, there was actually no interval between
the sets, with a total performance time similar for the same
relative intensity (maximum resistance percentage).

However, significant differences were observed for SBP

when the first set was compared to the second, in both sit-
uations, or when the second continuous set was compared
to the second intermittent set. On the other hand, the same
was not seen when the first continuous set was compared
to the first intermittent set. These date suggest SBP would
be influenced by the way exercises are performed, with the
intermittent workout requiring a smaller cardiovascular
demand. This may be due because of difference in the time
of arterial occlusion, which was systematically higher in
the continuous than in the intermittent sets. This possibili-
ty has also been mentioned in other studies involving as-
sessment of the tension time in resistive exercises14,28.

RPP results show significant differences between the sets
with the same number of repetitions, as well as for the dif-
ferent types of performance. These data confirm the re-
sults available in the literature, which associate cardiac over-
load to skeletal musculature recovery time8,27. In our study,
one could check that, in the second sets of both types of
performance, RPP was significantly higher that in the first
sets. As to the total workload, for the same cluster of mu-
cles, tension time was smaller in the intermittent than in
the continuous sets, even though total effort time was sim-
ilar in both types of workout. As it has been said, the dif-
ferent types of workout are related to a varied arterial oc-
clusion time for the same cluster of muscles, which may
add to higher RPP values in the continuous workout. This
possibility may be important for prescribing exercises for
elders: the option for intermittent series, regardless of the
load, may enhance training safety.

A simultaneous assessment of HR, SBP and RPP shows,
in addition, that the later was more sensitive to SBP than
HR variations. A possible explanation is the fact that HR

changes are slower than SBP changes PAS8,15,27,28. Thus, HR

values may not properly reflect cardiovascular overload
from the exercise, particularly in elderly populations, as
there is less variation in HR range in elders than in young-
sters. Therefore, the monitoring of this variable should be
considered when prescribing exercises for elders, particu-
larly those with hard-to-control blood pressure, and it seems
to be advisable the use of strategies that minimize its in-
crease during the performance of exercises.

CONCLUSION

The presented results allow to conclude that: a) at least
for the selected exercises, types of performance did not
influence QEx; b) RPP values seem to be more sensitive to
SBP and HR variations, in both types of exercise studied; c)
cardiovascular demand, expressed by RPP, seems to be high-
er in continuous than in intermittent sets; d) HR did not
change in the different proposed situations, but the same
was not true for RPP, which may suggest this may be a more
sensitive cardiovascular overload indicator in such activi-
ties. Finally, it is to be said that studies on acute physiolog-
ic responses in elders who practice gym exercises are rare.
Further investigations to better understand these responses
are desirable. To better disclose the influence of the differ-
ent types of workout in the assessed variables, further stud-
ies should be carried out, with different exercises and new
forms of load/repetition interventions. It would be also in-
teresting to control variables with intervening potential,
such as blood lactate and maximum resistance percentage,
which indicate the relative intensity of the effort employed.
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