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Abstract
Aim: This study aimedto compare the blood lactate response, perceptual response and enjoyment
response to Resistance High-Intensity Intermittent Training protocol and Running High-Intensity
Intermittent Training protocol. Methodology: Twelve college students,six males (age group
21.7±0.8 years) and six females (21.3±1.4years),performed two separate high-intensity
intermittent training(HIIT) protocols on two different days. The protocols were Resistance HIIT
and Running HIIT. Blood lactate responses were measured immediately 3 minutes after exercise,
perceived muscle sorenesswas measured pre-training, 10 minutes after training(post1) and 48
hours post-training (post2); rating of perceived exertion was noted immediately after training, and
physical activity enjoyment responses were assessed after 10 minutes of training protocols.
Results:In both protocols, the blood lactate responses showed 2.5 times rise from pre-exercise to
post-exercise. There were no significant differences between post 1 and post 2 perceived muscle
soreness scales in both training protocols. Rating of perceived exertion(RPE) responses was
similar in both protocols. Physical activity enjoyment responses were also similar in both
protocols. Conclusion: Both resistance HIIT and running HIIT showed vigorous Blood lactate and
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RPE responses. Both groups perceived muscle soreness but no interaction effects were noted.
Enjoyment responses were positive in both the high-intensity intermittent protocols.
Keywords: high-intensity intermittent training, blood lactate response, resistance exercise,
treadmill running, perceptual response
Introduction
Physical fitness is an essential part of our daily life. In recent years, college students have been
physically inactive because of not being involved in sports activities 1. In current trends, awareness
about physical fitness is increasing, and new physical training methods are emerging daily. Highintensity intermittent training (HIIT) is a physical training method characterised by a short period
of high-intensity exercise alternated with rest or medium-intensity exercise 2,3. Numerous protocols
can be devised by altering the duration of activity. The prescription of interval exercise is based
on heart rate, vo2 maxduring cardiopulmonary testing 4.
High-intensity intermittent training can be training divided into aerobic HIIT and resistance HIIT 5.
Aerobic HIIT involves running, rowing, cycling, etc. Resistance HIIT involves bodyweight
exercise and resistance exercise using bars, dumbbells, etc.Studies have found thatHIIT increases
cardiovascular and metabolic benefits. It improves aerobic fitness by increasing the Vo2 max
significantly. During interval training, training at a maximal velocity dramatically improves the
vo2 max6. It’s been proved that HIIT is a productive alternative to promote aerobic fitness and
various health parameters over short periods or with a single session per week. 7,8,9
Testing the blood lactate and rating of perceived exertion during training helps the trainees exhibit
the physical stress level they undergo during training10.It is well known that the blood lactate
concentration occurs due to the production and removal of lactate in the blood. When the exercises
are done at a continuous moderate intensity, the lactate production is equal to the lactate removal.
In contrast, lactate production increases when the activities are done at high intensity and above
the steady state, resulting in less lactate removal. 11 Higher blood lactate concentration may be a
normal physiological response to exertion, or it may indicate ischemia or hypoxemia in an ill
person.12Rating of Perceived exertion is the assessment tool for determining the intensity of the
subjective feelings towards physical exercise. It is used to prescribe exercise intensity and selfmonitor the exercise effort.13The perceived muscle soreness scale is a valuable tool in preventing
the Delayed onset of muscle sorenessand reducing the discomfort associated with muscle damage
in runners of all skill levels.14Enjoyment of physical activity is crucial for adults to participate in
or drop out of physical activity programs. However, enjoyment of physical activity can change
over time. Due to the importance of physical activity in adults with functional limitations,
enjoyment is essential for understanding physical activity participation so that the preceded
physical and psychological benefits can be realised.15,16The physiological responses to different
types of exercise in recreationally active adults were studied. However, not many studies have
been reviewed to compare the responses to Running and Bosuball burpee exercises in college
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students. Therefore,this study aimed to compare the blood lactate response, perceptual response
and enjoyment responsetoResistanceHIIT protocol and Treadmill RunningHIIT protocol.
Methodology:
Sixteen college students were recruited. Among those, four had withdrawn from the study due to
illness. Twelve college students were selected for this study(six were females, and six were males).
All twelve participants had passed the physical activity readiness questionnaire. The
anthropometric and physiological data is given in the table1. Informed consent was obtained after
explaining all the exercises and testing procedures. This study was approved by the local
institutional ethical committee.
Table:1 Anthropometric and physiological data of female and male participants
Female
Male
All
(n=6)
(n=6)
(n=12)
Age (years)
21.3±1.4
21.7±0.8
21.5±1.1
2
BMI(kg/m )
22±1.4
21.9±2.0
21.9±1.7
VO2 max (ml/kg/min)
48.4±4.6
53.7±2.9
51.0±4.6
This study design is experimental, using a randomised, counterbalanced crossover design. The
participants had completed two exercise protocols separated by ten days intervals. They performed
exercises depending on the group to which they were randomly assigned. Participants were
informed to avoid caffeine, tobacco, and stimulants and exercise at least 6 hours before testing.
Training protocol
A.
High-intensity intermittent training- Resistance exercise
After completing five minutes of warm-up dynamic stretching exercises, the participants were
asked to perform a Bosu ball burpee for as many repetitions as possible in 60 seconds, followed
by 60s rest. Two sets of fivebouts of Bosu ball exercises were performed. The total duration of the
session was 30 minutes, including warm-up and cool-down.
B. High-intensityintermittent training- Running17
After five minutes of warm-up stretching exercises, participantsperformedall-out60s running at a
constant grade of 3% on a motorised treadmill with Running intensity at 80 to 90% of HR max,
followed by rest for a minute. The work-to-recovery ratio was 1:1. The participants were instructed
to do two sets of five bouts of interval running. The total duration of the session was 30 minutes,
including warm up and cool down.
Outcome:
Blood lactate concentration
Blood lactate concentrations were tested using a handheld lactate analyser, Lactate pro 2 (arkray,
Japan)18. A drop of blood was taken from the middle finger using lancets. This test was taken 3
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minutes before exercise (Pre) and repeated immediately 3 minutes after (Post) high-intensity
protocols.
Perceptual responses
Rating of perceived exertion(RPE) was noted immediately after each set of high-intensity interval
exercise protocols. The average values were taken for analysis.
Perceived muscle soreness was taken before starting the exercise, ten minutes after exercise, and
48 hrs after exercise protocols. It is a 100mm visual analog scale, 0 = “no soreness”, 25 = “mild
pain”, 50 = “moderate pain”, 75 = “severe pain” and 100 = “the worst pain you can imagine”.
participants rated after performing the wall sit exercise (Fortes etal., 2013). The participants were
asked to provide a number relating to the perceived soreness of the leg muscles using the 100point scale.14
Physical activity enjoyment scale(PACES)
Exercise enjoyment was determined by the PACES questionnaire (Kendzierski and DeCarlo, 1991) 19. The
scalewasadministered after 10min of post-exerciseduring passive rest. Negatively worded PACES items

werereverse-scored, and scores for all 18 items were summed to calculate a total score.
Data analysis and Results
Table:2 Comparison of Blood lactate pre and post-test values of Resistance HIIT group
Descriptive Statistics
Variable
Post lactate-Resis HIIT
Pre lactate- Resis HIIT

Mean
12.558
3.817

Std Dev.
1.969
0.979

1-tailed t-Test (Post lactate- Resis HIIT > Pre lactate-Resis HIIT)
Ho. Diff
Mean Diff. SE Diff.
0.000
8.742
0.615

Std Err
0.568
0.283

't' value
14.208

Lower 95% CL Upper 95% CL N
11.308
13.809
12
3.195
4.439
12

DF
11

'p' value
'p' < 0.01

Table:3 Comparison of Blood lactate pre and post-test values of Running HIIT group
Descriptive Statistics
Variable
Post lactate-Run HIIT
Pre lactate-Run HIIT

Mean
13.700
4.050

Std Dev.
1.927
0.776

1-tailed t-Test (Post lactate- Run HIIT > Pre lactate-Run HIIT)
Ho. Diff
Mean Diff. SE Diff.
0.000
9.650
0.666

Std Err
0.556
0.224

't' value
14.482

Lower 95% CL Upper 95% CL N
12.476
14.924
12
3.557
4.543
12

DF
11

'p' value
'p' < 0.01

Table:4 Comparison of Percentage increase in Blood lactate Resistance HIIT group and Running
HIIT
group
Descriptive Statistics
Variable
% INC lactate-Resistance HIIT
% INC lactate-Running HIIT

Mean
247.979
252.664

Std Dev.
98.192
97.772

Std Err
28.346
28.224

Lower 95% CL Upper 95% CL N
185.591
310.367
12
190.542
314.785
12

2-tailed t-Test
Ho. Diff
0.000
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Fig:1Blood lactate responses comparison

Table:5Two-factor ANOVA with repeated measures for perceived muscle soreness values in
Resistance HIIT and Running HIIT
Descriptive Statistics
Y Variable
Values

Overall test of model for Y=Values
Source
Model
Error
Total

Group
Post 1, Muscle soreness- Resis HIIT
Post 1, Muscle soreness- Run HIIT
Post 2, Muscle soreness- Resis HIIT
Post 2, Muscle soreness- Run HIIT

Mean Std Dev.
22.917 16.714
18.750 15.540
27.083 29.113
27.083 24.905

Std Err
4.825
4.486
8.404
7.189

N
12
12
12
12

Type III SS
572.917
21875.000
22447.917

Df
3
44
47

Mean Sq.
190.972
497.159

F
0.384

Prob.
0.765

Source
Post test

Type III SS
468.750

Df
1

Mean Sq.
468.750

'F' value
0.943

'p' value
0.337

Muscle soreness groups

52.083

1

52.083

NOT significant
0.105

'p' > 0.05
0.748

Post test*Muscle soreness groups

52.083

1

52.083

NOT significant
0.105

'p' > 0.05
0.748

NOT significant

'p' > 0.05

Results of ANOVA test

Fig:2 Perceived leg muscle soreness responses to Resistance HIIT and Running HIIT comparison.
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Table:6 Rating of perceived exertion values comparison between Resistance and Running HIIT
group
Descriptive Statistics
Variable
RPE-Resistance HIIT
RPE-Running HIIT

Mean
13.750
12.833

Std Dev.
1.658
2.209

Std Err
0.479
0.638

Lower 95% CL Upper 95% CL
12.696
14.804
11.430
14.237

N
12
12

2-tailed t-Test
Ho. Diff
0.000

Mean Diff. SE Diff.
0.917
0.797

't' value
1.150

DF
22

'p' value
'p' > 0.05

Fig:3 Compares RPE responses to Resistance HIIT and Running HIIT.

Table:7 Physical Activity Enjoyment scale values comparison between Resistance and Running
HIIT group
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Descriptive Statistics
Variable
Physical activity enjoyment scale- Resistance HIIT
Physical activity enjoyment scale- Running HIIT

Mean
102.917
104.583

Std Dev.
10.900
12.703

Std Err
3.147
3.667

Lower 95% CL Upper 95% CL N
95.991
109.842
12
96.512
112.654
12

2-tailed t-Test
Ho. Diff
0.000

Mean Diff. SE Diff.
-1.667
4.832

't' value
-0.345

DF
22

'p' value
'p' > 0.05

Fig:4 Physical activity enjoyment scale responses to Resistance HIIT and Running HIIT
comparison

Table 2 compares blood lactate values pre and post-test in the Resistance HIIT group. Post-test
blood lactate means were 12.56±2.0 mmol/L which is more significant than Pre lactate means of
3.82±1.0 mmol/L in the Resistance HIIT group. Table 3 comparespre and post-blood lactate in the
Running HIIT. Post-lactate means of 13.7±1.9 mmol/L is greater than Pre lactate means of
4.05±0.78 mmol/L. Table 4 compares the percentage increase of blood lactate between Resistance
HIIT and Running HIIT. The percentage increase post-lactate value in Resistance HIIT [2.5 times]
and Running HIIT [2.5 times] are almost similar. Table 5 shows two-factor ANOVA with repeated
measures. No significant difference between post-1 and post-2 values. No significant difference
between Resistance HIIT and Running HIIT values. Hence there was no interaction effect found.
Table 6 shows the rating of perceived exertion values comparison between resistance HIIT and
Running HIIT. The mean values in Resistance HIIT [13.75±1.7] and Running HIIT [12.833±2.2]
are almost similar. Table 7 shows the physical activity enjoyment scale value comparison between
Resistance HIIT and Running HIIT. The mean valuesin Resistance HIIT [102.92±10.9] and
Running HIIT [104.59±12.7] are almost similar.
Discussion
This study compared blood lactate, perceptual, and enjoyment responses to two high-intensity
intermittent exercise protocols. The results showed that both the training protocol gave rise to
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elevated blood lactate after training. Perceived muscle soreness results showed no interaction
effect found in both protocols. RPE and PACES showed similar effects in both Resistance HIIT
and Running HIIT. The peak blood lactate responses show that exercise intensity for bosuball
burpees protocol is as vigorous as the running protocol. Training with this protocol, in the long
run, can increase physiological markers such as aerobic capacity, anaerobic capacity and skeletal
muscle oxidative metabolism.20 Theblood lactate concentrationincreased 2.5 times duringthe posttest, indicating lactic acidosis typically produced during repeated high-intensity exercises. 21,22 The
exercise intensity at which blood lactate starts to riseis the lactate thresholdthat coincideswith
muscle fatigue. An increase in lactate threshold indicates that participants had done the work at a
higher rate which means their aerobic capacity is increased.23In this study, the participants had
undergone early muscle fatigue as the intensity was vigorous; hence, their lactate threshold was
low. The participants experienced no leg muscle soreness before training. After ten minutes of
exercise andsome participants experienced pain in both protocols. Therefore, therewere significant
differences in perceived leg muscle soreness between pre and post in both protocols. But no
significant difference was found between post 1 and post 2. Leg muscle soreness was higher after
48 hrs of training in both protocols.No significant interaction effect was found for the type of HIIT
protocols and time in perceived muscle soreness. RPE values were elevated in both protocols.
These elevated perceptual responses support the study done by Sverre Andre et al. 2017. Their
study found that all perceptual variables were increased during short and long interval training
sessions.24Tony P. Nunez et al. stated that the similarity in RPE in both protocols may be due to
equal duration and bouts.25This present study supports that the similarity in RPE responses in both
protocols might be due to the equality of exercise bouts and time. Most of the participants marked
hard to very hard range astheir perceived intensity which correlates with the study of Skidmore et
al.26,27Physical activity enjoyment responses were higher in both protocols. No significant
differences were found between the resistance and running protocols. Most of the participants rated
it as enjoyable and not at all boring in both protocols.Bruno Ribeiro Ramalho Oliveira and
colleagues 2018 also reported that positive responses were obtained for HIIT onthe physical
activity enjoyment scale.28 The limitation of this study was that both males and females were
included. Because there were significant differencesin blood lactate responsesand
perceptualresponse differences found between males and females.
Conclusion
This study concluded that both protocols of high-intensity intermittent training elicited vigorous
blood lactate and perceptual responses. Enjoyment responses were positive in both the high-
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intensity intermittent protocols. Fitness training professionals can incorporate high-intensity
protocols in their training regimens to yield good physiological responses.
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