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ABSTRACT

Objective: Participation in aerobic exercise generates increased cardiorespiratory fitness, which results in a protective factor
for cardiovascular disease and all-cause mortality. Interval training might cause higher increases in cardiorespiratory fithess
in comparison with continuous training; nevertheless, current evidence is not conclusive. This study tests the effect of interval
training with moderate intensity continuous training on aerobic capacity (V02 max).

Method: 40 young healthy subjects were recruited according to inclusion and exclusion criteria and were randomly allocated into
a supervised 6 week endurance training program of 3 weekly sessions of either Interval training ( 5 minutes’ bout at 75%-80%
HRMax with 2 minutes of active recovery at 40% -50% HRMax) and continuous training (40%- 60% HR Max) of walking on a
treadmill for 30 minutes per session. Primary outcome measure was V02max; secondary outcome measure was resting heart
rate, resting respiratory rate, blood pressure and Rating of Perceived Exertion.

Results: Vo2max (ml/kg/min) improved significantly in both the groups.(P=0.000). There was reduction in resting heart rate,
resting respiratory rate and resting blood pressure in both the groups post 6 weeks of training intervention. Rate of perceived
exertion was unchanged in both the groups post training intervention.

Conclusion: It was observed that both the groups showed significant improvements in aerobic capacity (Vo2max). There was
reduction in resting heart rate, resting respiratory rate and resting blood pressure in both the groups post 6 weeks of training
intervention.
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INTRODUCTION Participation in aerobic exercise develops increased cardi-

orespiratory fitness, which protects from cardiovascular

Exercise, in general, is one of the best preventive actions to morbidity and mortality. Maximal oxygen consumption
fight illness and maintain health. There is an increasing evi- (VO,max) provides a measure of the maximal volume of ox-
dence of cardiovascular problems in present era, due to which ygen that the body consumes via the respiratory system and

importance of exercise for development of fitness is on rise. g transported through the bloodstream to be used to release
There is a slow decline in cardiovascular function with ad- energy in the cell.

vancing age that is significantly accentuated by a sedentary . o )
lifestyle. ACSM has released a physical activity guideline to YOzmax is currently .th.e be.st indicator to assess Cardlores-
improve physical fitness. Hence it was recommended that ~Piratory fitness and it is directly related to cardiovascular

“there should be accumulation of at least 30 minutes of mod-  health, and its improvement has been linked to decreases

erate activity on most preferably all days of week.” (! in risk of death from cardiovascular disease. Laukkanen et
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al. studied the association between low levels of VO,max
(<27.6 ml/(kg min)) and premature death and found that un-
fit men had more than twice the risk of overall death and over
three times the risk of cardiovascular-discase-related death
in comparison with fit men (VO,max >37.1 ml/kg/min)™!

In a study conducted by Richard suminski etal, found that
28.1% of Asian college going students aged 18 to 25 years
are physically inactive.?

Low fitness levels are responsible for the highest proportion
of deaths, followed by smoking had amongst the four car-
diovascular lifestyle factors. Hence interventions to decrease
the prevalence of low fitness and smoking can promote re-
duced mortality rates.™

Intensity seems to be an important predictor of the effective-
ness of fitness training programmes. Moderate-intensity con-
tinuous training methods and high-intensity interval training
are typically prescribed to increase Cardiorespiratory fitness.
Continuous or long, slow distance training involves steady
paced prolonged exercise at either moderate or high aerobic
intensity, usually 60-80%Vo,max. Continuous exercise may
increase Vo,max, capillary density, oxidative enzyme activ-
ity and plasma volume in untrained individuals. !

Interval training consists of periods of high-intensity exer-
cise alternated by periods of relative rest that makes it pos-
sible for patients to complete short work periods at higher
intensities. Aerobic interval training is one of the most com-
mon training methods to improve athletes’ endurance and
training performance. Continuous (CT) and interval training
(IT) are both established exercise modalities used in the re-
habilitation of patients with chronic diseases as well as to
improve aerobic and anaerobic capacity of elite athletes. [*

The sedentary non exercising age group is most susceptible
to develop cardiovascular problems hence this study aims to
find out the effects of continuous and interval training modes
on Vo,max so as to predict which is more better for improv-
ing cardiovascular fitness so that we can make recommenda-
tions on how to improve fitness level in young population in
the rehabilitation setting so as to maximize training effects
and provide a shortened fitness program to promote a better,
holistic feeling of health in young individuals.

MATERIALS AND METHODS

Subjects

40 Sedentary (<150 min of aerobic exercise a week) young
individuals between 18-28 years of age were recruited to
participate in this study. Prior to starting the program, all par-
ticipants had to accept their voluntary participation by sign-
ing an informed consent form. The participants were made
to answer PAR-Q (physical activity readiness Questionnaire)

questionnaire and those who met the inclusion and exclusion
criteria were included in the study.

The inclusion criteria were Males and females in 18-28 years
age group Healthy, non exercising, recreationally active
adults without any co morbid illness.

The exclusion criteria were subjects with Body mass index
BMI>40, any neuro-musculoskeletal problems, cardiovas-
cular and respiratory problems, Smokers and any other sys-
temic illness.

The subjects were randomly assigned into two groups, con-
tinuous training and interval training group.

Study design

Subjects were ascribed randomly using computer generated
randomized table into two experimental groups: Continuous
training (CT) or Interval training (IT) .20 subjects in each

group.

Prior to training the subjects were made to walk on treadmill
(Trackmaster® model TMX 425C) and predicted Vo max
(Max aerobic capacity) was calculated according to modi-
fied Bruce protocol.

The equation for calculation of Vo, Max using modified Bruce
protocol is: VO,max = 3.5+ [0.1*speed] + [1.8*speed*grade]
il

Training program
Subjects performed 3 training sessions per week in the labo-
ratory over a 6 weeks period (18 sessions).

CONTINUOUS TRAINING PROTOCOL consisted of
Smin of warm up —stretching, spot jogging , 30 minutes of
walking on treadmill (Trackmaster® model TMX 425C)
at40%- 60% HR Max followed by 5 minutes of cool down
which included stretching, spot jogging, breathing exercises.

INTERVAL TRAINING PROTOCOL consisted of 5 min-
utes of warm up-stretching, spot jogging, 30 mins training
including-5 minutes’ bout of treadmill exercise at 75%-80%
HRMax with 2 minutes of active recovery, i.e. treadmill
walking at 40% -50% HRMax followed by 5 minutes of
cool down which included stretching, spot jogging, breath-
ing exercise. The intensity of each interval training session
was reached and adjusted manually throughout the session
by a trained investigator manipulating the speed and incline
of the treadmill to reach the target heart rate.

Pre training and Immediate post training Heart rate (HR),
Respiratory rate (RR), Blood pressure (BP) and Rating of
perceived exertion (RPE) using Borg’s scale was obtained.
(6-20 Borg’s scale)

All the subjects underwent supervised training for 6 weeks,
3 times per week on alternate days.
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Post 6 weeks of training Vo,max (aerobic capacity) was
again calculated using modified Bruce protocol on treadmill
(Trackmaster® model TMX 425C).

OUTCOME MEASURES

The primary outcome measure was Pre training and post
training Vo,max using Modified Bruce protocol on treadmill.
The secondary outcome measures were pre training and post
training vitals HR, RR, BP and Rate of perceived Exertion
(RPE).

STATISTICAL ANALYSIS

The statistical analysis was done by using SPSS software
16. P value was set at 0.05. The intra group pre and post
test aerobic capacity (Vo,max), BP, HR, RR were analysed
using paired t test. The inter group post test scores of aero-
bic capacity(Vo,max) , BP, HR, RR were analysed using un-
paired t test.

RESULTS

40 patients (20 in each group) were enrolled and all com-
pleted the study, without any dropouts.

As shown from table 1 and table 2, Vo,max improved sig-
nificantly in continuous training and interval training groups
respectively.

TABLE 1 (VO2 max of cont. training)

tan=12.50, 55 p value=0.000. The p value was set at 0.05.

The p value is less than 0.05 for intra group analysis for con-
tinuous training. Hence it is statistically significant

TABLE 2 (VO2max of interval training group)
tan= - 17.52,,; p value=0.000; p<0.05 . Hence it is statisti-
cally significant.

The above table shows that p value of within group for in-
terval training group is less than 0.05, hence it is statistically
significant.

TABLE 3: (inter group comparison of VO2max)

There was no significant difference in Vo,Max between
both the groups as per table 3. p value =0.227 for change in
Vo,Max between both the groups.

TABLE 4; (Blood Pressure intra group)
There was significant reduction in resting systolic BP in both
the training groups post intervention

TABLE 5: (Blood Pressure inter group)
P is not <0.05 for change in BP hence, insignificant

TABLE 6: (Respiratory Rate intra group)

There was significant in reduction in resting RR in both the
groups post training .p<<0.05.The p value for change RR be-
tween both the training groups was 0.210. p value not less
than 0.05, hence it is not statistically significant

TABLE 7: (Heart Rate intra group)

There was a statistically significant reduction in HR in both
the groups. The p value for change in HR in between both
the groups was 0.000, p value<0.05, hence it was statistically
significant.

DISCUSSION

The purpose of this study was to compare the effects of six
weeks of continuous training and interval training on aero-
bic capacity (Vo,Max) and cardiorespiratory parameters i.e.
heart rate, blood pressure, respiratory rate and RPE Borgs
scale in young healthy individuals. The primary findings of
this study is that young, previously sedentary, recreationally
active individuals randomly assigned to six weeks of con-
tinuous training and interval training on treadmill showed
similar improvements in aerobic capacity (Vo,Max). The
subjects also showed statistically significant improvements
in cardiovascular parameters i.e. blood pressure, heart rate
and respiratory rate in both the groups.

There was no change in RPE Borg’s scale in both the groups
post training

Aerobic capacity (Vo,Max)

Vo,Max improved significantly in both the groups individu-
ally.Vo,Max improved with 58+14.92 ml/kg/min in interval
training group and with 48.04+4.71 ml/kg/min in continuous
training group. These increases are of clinical relevance, as
shown in a large observational study, where each 3.5 ml/kg/
min increment in peak VO, resulted in a 12% improvement
in survival [}

Vo,Max improved in interval training group with 58+14.92
ml/kg/min after 6 weeks. In a study conducted by Khadijeh
Pour-Abdi et al 2013, Interval running done in 4 replicates of
4 minutes and 30 seconds with an intensity of 75% of HRR
and three minutes active rest including jogging and light run-
ning with an intensity of 60% of HRR for 6 weeks, 3 times a
week on alternate days caused a significant increase in maxi-
mal oxygen consumption®

HIIT requires a higher oxygen delivery which leads to great-
er adaptations of the oxygen delivery system (e.g. through
increased stroke volume and cardiac output) which leads to
an increase in VO,Max. HIIT allows the participants to stay
longer at VO,Max during active rest, and does not allow the
decline of lactate which helps the improvement of VO,Max.
Active recovery has shown to result in a faster clearance rate
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of lactic acid, making it the preferred form of recovery when
compared to a passive form of recovery™ This improvement
in interval training group might be due to the increases in
oxygen delivery as well as improved oxygen utilization by
active muscles through greater capillarization and mitochon-
drial density!'™ Due to frequent breaks between activities, in
interval training more oxygen is made available to muscles
,which improves the interactions and energy saving. Thus
Interval exercise scan causes significant changes in muscle
metabolism through the expansion of the capillary network
and increasing the content of mitochondrial enzymes. These
changes further cause increased oxidation of fats, reduced
adipose tissue, remaining glycogen storage, lower lactic acid
production, and less feeling of fatigue.!'!

Vo,Max improved significantly in continuous training group
by 48.04+4.71 ml/kg/min in a study conducted by Gordon
Fisher et al 2015 on sedentary overweight or obese men as-
signed to HIIT and moderate intensity continuous exercise
(MIT), for 6 weeks showed that a greater improvement
in VO,peak occurred in MIT (11.1%) compared to HIIT
(2.83%).I"" Continuous endurance training causes improve-
ment in Vo,Max via metabolic adaptations. During sub-
maximal exercise, muscle O, delivery is closely matched to
mitochondrial O, demand, increasing the potential for oxida-
tive production of ATP. Local hypoxia is a major signal for
muscular adjustments to endurance exercise, as there occurs
a dramatic drop in muscle oxygen tension with the onset of
exercise. The intensity of Continuous Training (above 60%
of Vo,Max) induces a significant fall of cellular PO, and
therefore triggers the signaling pathways causing greater
improvement of capillary density and vascular conductance
with moderate intensity continuous training by improving
muscle perfusion and thus O, supply!®!

In this study Vo,Max improved equally in both the groups of
continuous training and interval training. In a study conduct-
ed by Brandon J. Sawyer et al both HIIT and MICT groups
had similar increases in VO,Max after 8 wk of training ["*]
Studies done by Burgomaster KA et al 2008, 4! Whyte LJ
et al 2010, 1 Wallman K et al 2009 ,['®} showed similar in-
creases in Vo,max in both the groups. The reason for non sig-
nificant difference between the groups can be due to shorter
duration of training i.e 6 weeks, lack of use of larger work
rest ratios in case of interval training. In a study conducted
by Luc E. gosselin, et al 2012, found that greater the work-
to-rest ratio, the greater the VO,Max.['"l At the beginning of
exercise, the contribution of different pathways [immediate
breakdown of high energy phosphate stores (e.g., adenosine
triphosphate, creatine phosphate), glycolysis, and aerobic
metabolism] depends on a number of variables. The aerobic
metabolism is determined by oxygen consumption during
work, and the extent of rise depends upon the duration of
exercise, the level of fitness of an individual "* but also on
the work intensity.

Whipp and Wasserman ') demonstrated that at low work-
loads, steady state _VO, is reached within 3 minutes from
the start of exercise. With high work intensities, the VO,
kinetics show an initial rapid phase followed by a slower sec-
ondary phase such that steady-state VO, was not achieved
even in the sixth minute of exercise. Our subjects exercised
at a workload corresponding to 70% of HRmax for 5 minutes
and 2 minutes rest period at 40% HRmax, it can be that the
work-to-rest dynamics of the exercise protocol did not allow
our subjects sufficient time to achieve the expected VO,.

Resting heart rate

In this study it was found that there was significant reduction
in resting heart rate values pre and post training in both the
groups.

Interval  training=7.7+0.0 Continuous  train-

ing=1.65+0.32.bpm

bpm;

In a study conducted by Nummela A et al 2016, it was found
that the nocturnal HR is decreased and nocturnal Heart rate
variability indices are increased during high-intensity but not
during constant load aerobic training program in sedentary
participants >

A lower resting-HR can be due to central and peripheral fac-
tors derived from a training program. Central factors like in-
crease of venous return and systolic volume, and improved
myocardial contractility; and peripheral factors like im-
proved oxygen extraction (oxygen arteriovenous difference)
or enhanced O, use to generate more work (mechanical effi-
ciency), cause HR to reduce to those (submaximal) required
levels. 21

Resting Blood Pressure

Both the groups show a significant decrease in resting systol-
ic blood pressure (SBP) (p<0.05) and resting diastolic blood
pressure.(DBP) Resting systolic blood pressure reduced
from baseline by 2.6+4.3 mmHg in interval training group
and 4.30+ 3.6 mmHg in continuous training group.

There is no significant difference in improvement in Blood
pressure between both the groups. In a meta analysis con-
ducted by Ve'ronique A. Cornelissen et al ,2005 where it
was stated that the BP decrease was more in the hyperten-
sive study groups (6.9/ 4.9 mm Hg), but that significant BP
reductions were also seen in normotensive (2.4/1.6 mm Hg)
in response to endurance training??! The reduction in blood
pressure is due to reduced sympathetic nervous system ac-
tivity with training , normalisation of arteriolar morphology
and decrease peripheral resistance to blood flow.* 4 weeks
of moderate-intensity Aerobic exercise training decreases
central arterial stiffness by 9.5% and peripheral stiffness by
8.5%. Y there occurs an increase in concentration of vaso-
dilator substance, plasma nitric oxide (NO), and reduction in
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concentration of vasoconstrictor substance , plasma endothe-
lin-1 (ET1) by aerobic exercise training in older women 4%
causing increase in systemic arterial compliance and reduc-
ing blood pressure.

Resting respiratory rate

Resting respiratory rate reduced after 6 weeks of training
in both the groups. This can occur due to increase in ki-
netics of gaseous exchange. Exercise training causes im-
provement in the under-perfusion of respiratory muscles (¢!
and reverses the metabolic and histological abnormalities
in respiratory muscles 7! and improved oxidative capacity
of these muscles is similar to that in the peripheral skeletal
muscles 52

Endurance training causes an increase in aerobic enzyme
levels and oxidative capacity of respiratory muscles thus
increasing ventilatory muscle function. Inspiratory muscle
capacity is increased to generate more force and reduce
work of breathing and hence reduce the respiratory rate at
rest.B%

CONCLUSION

In this study it was found that both interval training and con-
tinuous training are equally effective in improving aerobic
capacity in young healthy, non exercising individuals. Both
the training modes are equally effective in reducing resting
systolic and resting diastolic blood pressure, resting respira-
tory rate. Interval training was found to be more effective in
reducing resting heart rate than continuous training.
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Table 1: (VO, max of cont. training)(ml/min/kg)

Pair1 pre_vo max 78.9210 20 17.83326 0.000
Post_VO MAX 146.18 20 24.59773

Table 2: (VO, max interval training) (ml/min/kg)

Pair1 pre_vo max 73.2315 20 19.36015 0.000

Post_VO MAX 183.35 20 32.52560

Table 3: (Inter group comparison of VO2max)

VO MAX _change 48.04 £ 4.3 58.45 = 37.6 -10.41 0.227

Table 4: (Blood Pressure intra group)(mmhg)

SBP 0.002 0.050

DBP 0.001 0.092

Table 5: (Blood Pressure inter group)(mmbhg)

Change_SBP 0.501
Change_DBP 1.000

Table 6: (Respiratory Rate intra group)(cpm)

RR 0.000 0.000

Table 7: (Heart Rate intra group)(bpm)

HR 0.041 0.000
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