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ABSTRACT
Objective: The objectives of the study were to determine and compare acute changes in the cardiorespiratory parameters in young, healthy females
in response to 3 weeks resistive exercises to quadriceps muscle using DeLorme’s and MacQueen’s protocol.

Methods: The study was carried in 30 young, healthy females aged 18–25 years. Resting blood pressure measured in systole blood pressure (SBP),
blood pressure measured in diastole diastolic blood pressure (DBP), respiratory rate (RR), and heart rate (HR) were measured. Subjects were
then divided randomly into two groups containing 15 subjects in each group. Ten repetition maximum was measured for each subject. Group A
subjects were given resistive exercises for the quadriceps muscle bilaterally using DeLorme’s protocol and Group B subjects were given training with
MacQueen’s protocol. In both groups, training was given thrice a week for 3 weeks.

Results: SBP, HR, and RR showed significant statistical differences after 3 weeks of PRE using DeLorme’s protocol; however, DBP changes were
non-significant. SBP, HR, RR, and DBP showed significant statistical difference after 3 weeks of PRE using MacQueen’s protocol. In a comparison of
DeLorme’s protocol and MacQueen’s protocol, a significant statistical difference in parameters of SBP and HR was observed. Improvement was more
in subjects trained with MacQueen’s protocol.
Conclusion: The resistive training has beneficial effects on HR, systolic SBP, and RR. MacQueen protocol is more effective than DeLorme’s protocol.
Hence, resistive training should be included in an exercise program.
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INTRODUCTION

The mortality and morbidity associated with cardiovascular diseases
(CVDs) are increasing day by day. CVD is becoming one of the major
causes of mortality in India [1]. In the Indian population, the age of
onset of cardiac disease is earlier than in the Western population [2,3].
The risk of ST-segment elevated myocardial infarction in persons
with cardiac diseases is increasing [4]. Adherence to lifestyle changes,
exercises is one of the important aspects to manage cardiac diseases
[5]. Cardiac rehabilitation services are becoming popular day by day
in India. The references to physiotherapy departments for cardiac
rehabilitation are increasing. Cardiac rehabilitation programs
traditionally focus on aerobic training [6].
Progressive resistance exercises (PRE) are a form of exercise in which
opposing load is applied to the muscle and increased progressively
with the help of mechanical devices. The training is given with
the use of repetition maximum (RM). PRE is commonly used for
strengthening skeletal muscles and is prescribed for conditioning
muscles [7]. DeLorme’s and MacQueen’s protocols are commonly used
PRE protocols. The effect of resistive training with DeLorme’s and
MacQueen’s protocol on muscle strength and endurance is studied [8].
There is a dearth of studies investigating the effects of these protocols
on cardiorespiratory parameters.

The literature published in this area is mostly focused on effects
on muscle strength and endurance on a long-term basis [9,10]. The
quadriceps muscle is commonly affected in chronic cardiorespiratory
patients. The literature highlights that the acute effects of PRE on
the cardiorespiratory system have not been studied adequately. The
current study aimed to determine the acute physiological effects of the
resistance training program on various cardiovascular parameters.

As a result, the purpose of this study was to determine and compare
acute changes in cardiorespiratory parameters in young, healthy
females in response to 3 weeks of quadriceps muscle resistive exercises
using DeLorme’s and MacQueen’s protocols.
METHODS

Type of study – experimental.
Sampling technique: Simple random sampling.
Place of study: Mumbai.
Inclusion Criteria: Young healthy females between the ages of 18 and 25.

Exclusion Criteria – Females having cardiac, respiratory diseases such
as ischemic heart disease, asthma, chronic bronchitis, and emphysema,
subjects performing any form of exercises.

Outcome measures – systole blood pressure (SBP), diastolic blood
pressure (DBP), respiratory rate (RR), and heart rate (HR).

Thirty subjects were selected as per the inclusion criteria. The written
consent was taken from each subject participating in the study. The
ethical approval was taken from the institutional ethical committee.
Cardiorespiratory parameters of resting systolic blood pressure,
HR, and respiratory rate were measured. Subjects were then divided
randomly into two groups containing 15 subjects in each group. 10 RM
was derived for each subject.
Group A subjects were given resistive exercises for the quadriceps
muscle bilaterally using DeLorme’s protocol thrice a week for 3 weeks.
Three sets of 10 repetitions with 90 s pause in between were given.
Group B subjects were given resistive exercises for the quadriceps
muscle bilaterally using MacQueen’s protocol thrice a week for 3 weeks.
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10 RM was measured after each week and progressed accordingly for
all the subjects. Parameters of SBP, DBP, HR, and RR rate were then
measured after 3 weeks of training and changes in cardiorespiratory
parameters were recorded.
RESULTS

The mean SD was derived from descriptive statistics. The paired t-test
was used to measure differences between groups, whereas the unpaired
t-test was used to compare both protocols. In group A, SBP, HR, and RR
showed significant statistical differences after 3 weeks of PRE using
DeLorme’s protocol, whereas DBP was non-significant (Table 1 and
Fig. 1). In group B, SBP, HR, RR, and DBP showed significant statistical
difference after 3 weeks of PRE using MacQueen’s protocol. (Table 2
and Fig. 2). In comparison to groups A and B, there was a significant
statistical difference in parameters of systolic blood pressure and HR
(Table 3 and Fig. 3). Group B improved the most.

The exercises have been found to increase the function of the cardiac
system. The resistance offered during exercises stimulates the cardiac
muscle to contract strongly. This increases the left ventricular wall
thickness, the mass of the left ventricle and septum [11]. These factors
increase cardiac output and stroke volume. An increase in these
parameters subsequently reduces the HR.

The oxygen demand increases during exercises. The blood circulation
to working muscle is increased during exercises. The impulse is
generated by the sinoatrial node (SA node). The changes in HR are
affected by factors that affect the SA node. The parasympathetic and
sympathetic nervous systems regulate the HR. After resistance training
for at least 3–5 weeks, there is a reduction in the sympathetic tone and
parasympathetic inhibition at rest, which reduces the HR at rest.

MacQueen’s protocol has proved to be more effective than DeLorme’s
because of the intensity of training. MacQueen’s protocol consists of
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Fig. 1: Comparison of cardiorespiratory parameters of subjects
following DeLorme’s protocol
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Fig. 2: Comparison of cardiorespiratory parameters of subjects
following MacQueen’s protocol
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Table 2: Comparison of pre and post cardiorespiratory
parameters of subjects following MacQueen’s protocol
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DISCUSSION

The current study was designed to investigate and compare
the effectiveness of DeLorme’s and MacQueen’s protocol on
cardiorespiratory parameters by giving resistive exercises to quadriceps
muscle bilaterally in young, healthy females between the age group of 18
and 25 years. Significant improvements in SBP and HR were observed
after a 3-week training program with DeLorme’s protocol. However, no
effect on DBP was observed in training with DeLorme’s protocol. All
the parameters have shown significant improvement with MacQueen’s
protocol. The training with MacQueen’s protocol showed more effective
results than training with DeLorme’s protocol.
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Four sets of 10 repetitions with 90 s pause in between were given.
DeLorme’s protocol incorporated 3 sets of 10RM with the increasing
load during each set, that is, 50% of 10 RM, 75% of 10 RM, and 100%
of 10 RM. MacQueen’s protocol incorporated four sets of 10 repetitions
with 100% resistance of 10 RM in each set. Both the protocols
incorporated a rest interval between sets and determined 10 RM of
each muscle before prescribing exercises.
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Fig. 3: Comparison of DeLorme’s and MacQueen’s protocol
cardiorespiratory parameters of subjects
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Table 3: Comparison of DeLorme’s and MacQueen’s protocol cardiorespiratory parameters of subjects
Cardio-respiratory parameters

Group A DeLorme’s

Group B MacQueen’s

p value

t value

Results

Systole blood pressure
Diastolic blood pressure
Heart rate
Respiratory rate

122.93
86.23
69.46
18.6

124.26
81.73
70.2
18.8

0.0149
0.5819
0.0317
0.7838

2.594
0.5571
2.262
0.2770

Significant
Not significant
Significant
Not significant

100% of 10 RM in all 4 sets, whereas DeLorme’s protocol consists of
50% of RM in the 1st set, 75% of RM in the 2nd set, and 100% of RM
in the 3rd set. MacQueen’s protocol consists of 4 sets of 10 repetitions,
whereas DeLorme’s consists of 3 sets of 10 repetitions. The increased
intensity and repetitions achieved better results in training with
MacQueen protocol.
The results of our study were supported by the findings of other
studies [12-16]. A significant reduction in SBP was noted after 4
sessions of resistance training [11]. Combining resistance training with
traditional training lowered the SBP [17]. Similar results were observed
after 4 weeks of resistance training in pre-hypertensive patients who
have reported lowered blood pressure [12].
CONCLUSION

Resistive training has beneficial effects on cardiorespiratory
parameters. The MacQueen protocol is more effective than DeLorme’s
protocol. Hence, resistive training should be included in the exercise
program.
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