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INTRODUCTION 
Research has shown that college students are 

more prone to unhealthy behavior changes, such 

as increased sedentary behavior, simultaneously 

lowering the rate of physical activities (PA) (1). 

ABSTRACT 

Background. Cardiopulmonary and perceptual responses to prolonged continuous 

exercise are well documented, yet how these responses evolve during brief high-

intensity interval exercise (HIIE) in college students across weight categories 

remains unclear. Objectives. The aim of this study is to quantify the effects of a 2-

week, 8-session HIIE intervention on cardiorespiratory fitness and perceptual 

responses in overweight versus normal-weight college students. Methods. Thirty 

inactive participants (age 20.4 ± 1.6 y; baseline body-mass 66.6 ± 14.4 kg; BMI 

25.3 ± 4.4 kg·m⁻²) were stratified into Normal-weight (n=13; BMI 23.99 ± 4.27 

kg·m⁻²) and Overweight (n=17; BMI 26.39 ± 4.35 kg·m⁻²) groups. Each session 

comprised of 8–10 × 1-min work intervals at 90% maximal aerobic speed (MAS) 

with 75 s self-paced walking recovery. Cardiorespiratory fitness (20-m shuttle-run 

estimated VO₂max), body composition, heart rate (HR), Rating of Perceived 

Exertion (RPE), Feeling Scale (FS), and Physical Activity Enjoyment Scale 

(PACES) were assessed pre- and post-intervention. Results. Overweight 

participants reduced body-mass by 1.3 kg (95% CI –2.0, –0.6; ES=0.28), waist 

circumference by 2.7 cm (–4.1, –1.3; ES=0.39), and fat mass by 1.1% (–1.8, –0.4; 

ES=0.31) compared with negligible changes in the Normal-weight group (all 

between-group P<0.05). Estimated VO₂max rose 9.8% in the Overweight group 

(+3.3 mL·kg⁻¹·min⁻¹; P=0.00, ES=0.24) versus 4.7 % in the Normal-weight group 

(+1.5 mL·kg⁻¹·min⁻¹; P=0.00, ES=0.18). Mean HR during work intervals was 9–

10 b·min⁻¹ higher in the Overweight group across sessions (P<0.001, ES=0.51–

0.53). FS scores improved by +1.2 ± 0.8 units in overweight and +0.6 ± 0.7 units 

in Normal-weight from session 1 to session 8 (time effect P<0.01). PACES 

enjoyment increased by 18% in overweight (+12 points, ES=0.41) and 10% in 

Normal-weight (+7 points, ES=0.22). No adverse events were reported, and 

compliance was 100%. Conclusion. In conclusion, this study found increased 

enjoyment and effectiveness over time in overweight students, suggesting a 

promising method to boost activity levels. 
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According to the physical activity guidelines 

released by the US Department of Health and 

Human Services in 2008, the general adult should 

engage in at least 150 minutes of moderate 

intensity or 75 minutes of high-intensity physical 

activity per week (2). In addition, many scientific 

research results on exercise also suggest that a 

single exercise should be maintained at a 

moderate intensity for 20-30 minutes to have the 

expected benefits for individual physical and 

mental health (3). However, available data 

indicated that over 20% of adult males and 

females worldwide, including Malaysia, do not 

meet the above criteria (4). One of the main 

reasons for not exercising among people with 

insufficient physical activity/exercise is the lack 

of time/time constraints.  

In this context, high-intensity interval exercise 

(HIIE) has become a rapidly popular physical 

exercise method in the fitness field in recent years 

due to its obvious short-term and efficient 

advantages (5). At the same time, this exercise 

method has also attracted much attention from 

exercise researchers. Specifically, HIIE can be 

delivered more briefly to achieve similar benefits 

to low to moderate exercise with aonger duration 

(6). Indeed, HIIE has been shown as a time-

efficient strategy to improve cardiorespiratory 

fitness and health parameters (e.g., mental well-

being and quality of life) for 2 to 12 weeks of 

exercise interventions in adults (7). 

The application of HIIE as a public health 

strategy is controversial, as this protocol utilize 

work-intervals within the heavy or severe (i.e., 

exercise above the first ventilatory threshold [VT] 

up to the level of maximal exercise capacity) 

exercise intensity domains which may evoke 

negative affective responses (i.e., feelings of 

displeasure) and lead to poor exercise adherence 

(8). Available data demonstrates the affective 

responses to HIIE in adults, but the evidence is 

contradictory across studies, with some indicating 

that HIIE elicited pleasurable feelings during 

exercise, while others were less pleasurable. 

These inconsistencies across studies may be 

attributed to the different work intensity 

prescribed within each HIIE-based study in adults 

(8). Moreover, this observation is limited to an 

adult-based study involving HIIE performed in a 

laboratory rather than an outdoor-based setting, 

which limits the representations of a participant's 

real-world affective response to HIIE. Elucidating 

this information during interval-type exercise is 

important as affective responses during exercise 

may influence future attitudes towards PA 

behavior in adults (9). 

HIIE typically involves alternating periods of 

high-intensity exercise with low-intensity 

recovery intervals (7, 8). The main appeal of HIIE 

is that this type of training can be completed 

quicker (compared to traditional continuous 

endurance training), and physical adaptations are 

comparable to those resulting from endurance 

training. Consequently, it has been proposed that 

HIIE can mitigate the most commonly cited 

barrier to physical activity, ' lack of time', 

particularly in adults (5). Although the 

fundamental concepts of HIIE are linked to sports 

training for endurance athletes, such protocols 

have recently been designed and adapted for both 

general and clinical populations (10). Recent 

investigations have suggested that HIIE, 

regardless of the protocol used, produces equal if 

not superior health benefits at considerably lower 

volumes of total work compared with continuous 

exercise at a lower intensity (7, 8). The multiple 

health benefits of HIIE in overweight/obese 

adults have recently been compiled in published 

reviews (6-8) showing that HIIE protocols are 

effective at improving cardiometabolic health 

markers (e.g., body composition, blood lipids, 

glucose, and insulin) and augmenting 

cardiorespiratory fitness in adults. These review 

papers also suggest that the average length of 

HIIE training intervention to generate multiple 

health benefits is between 2 and 12 weeks, 

supporting the time efficiency of this HIIE 

protocol. Collectively, the aforementioned review 

papers provide some support for HIIE as a 

potentially efficacious form of exercise for the 

improvement of health outcomes in adults. 

Despite these promises, short-term and 

unsustainable change has been an issue in PA and 

exercise intervention (10). 

Despite the effectiveness of HIIE in promoting 

health benefits and well-being in overweight and 

obese adults, its high-intensity nature has limited 

its utility, especially among those who are not 

(11-13). Specifically, Biddle and others have 

argued that the intense work intervals performed 

during HIIE may evoke negative affect responses 

(feelings of displeasure) and a greater perception 

of exertion, leading to poor engagement and 

exercise adherence (8, 11). Research shows that 

optimizing affective responses (e.g., an increase 

in pleasant feelings) during exercise may be one 
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solution to improving PA levels, as affect may be 

the first link in the exercise adherence chain (9, 

12). Indeed, a positive affect response (i.e., 

feelings of pleasure), as opposed to a negative 

affect response (i.e., feelings of displeasure), has 

an impact upon an individual's motivation and 

behavior (10), which may influence any decisions 

made, regarding whether or not to re-engage in 

the behavior in the future (5, 6).  

Although available data demonstrate the 

affective responses to HIIE, the evidence is 

contradictory across studies, with some indicating 

that HIIE elicited pleasurable feelings during 

exercise while others were less pleasurable (14, 

15). These inconsistencies across studies may be 

attributed to the different work intensity 

prescribed within each HIIE-based study in adults 

(10, 11). Moreover, this observation is limited to 

an adult-based study involving HIIE performed in 

a laboratory rather than an outdoor setting, which 

limits the representations of a participant's real-

world affective response to HIIE (14). 

Elucidating this information during interval-type 

exercise is important as affective responses 

during exercise may influence future attitudes 

towards PA behavior in adults (16). 

So we conducted this study to determine 

whether: a) overweight participants display 

higher heart rate and RPE values across all HIIE 

sessions than normal-weight participants; b) after 

the 2-week intervention, the overweight group 

show greater improvements in estimated VO₂max 

and greater reductions in body mass, waist 

circumference, and body-fat percentage; and c) 

both groups will increase affective valence and 

enjoyment over the eight sessions, but the 

overweight group will report lower initial FS and 

PACES scores and a larger magnitude of 

improvement by session 8. 

 

MATERIALS AND METHODS 
Participants. Thirty college students from 

the School of Health Sciences, Universiti Sains 

Malaysia, were selected for the current study 

based on a sample size calculation conducted 

using G*Power version 3.1.9.2. This calculation 

is informed by related research, which reported 

effect sizes ranging from medium to large (d=0.3 

to 0.6) for outcomes such as affective responses, 

enjoyment responses, and ratings of perceived 

exertion (RPE) during High-Intensity Interval 

Exercise (HIIE) (17).  

For the current study, involving two 

conditions and three repeated measurement 

points (work interval 1, work interval 4, and end 

work interval), a sample of 15 participants is 

required to detect a moderate effect using a 

power of 0.8, an alpha of 0.05, and an effect size 

(F) of 0.30 (medium). To account for a potential 

10% dropout rate (approximately 2 participants), 

30 participants were recruited. The inclusion 

criteria for participant selection are as follows: 

(I) men and women aged between 18 to 25 years 

old; (II) body mass index (BMI) between 18.5 

kg/m² and 24.9 kg/m² (normal to overweight 

individuals), and above 24.9 kg/m² (overweight 

individuals) according to the Asia-Pacific cutoff 

points; and (III) moderately active individuals 

(Category 2, <3000 MET-min/week, as 

determined via the International Physical 

Activity Questionnaire, IPAQ). The exclusion 

criteria include: (I) smoking; (II) hypertension; 

(III) dyslipidemia; (IV) impaired fasting 

glucose; (V) use of any medication or substance 

known to influence cardiorespiratory or 

metabolic responses to exercise; (VI) 

contraindications to exercise based on the 

Physical Activity Readiness Questionnaire; and 

(VII) participation in any exercise program. The 

study protocol was approved by the Human 

Research Ethics Committee of Universiti Sains 

Malaysia (USM/JEPeM/KK/23010030), and the 

research was conducted strictly following the 

Declaration of Helsinki. Participants were 

recruited via email announcements, WhatsApp 

messages, and the distribution of flyers. 

Experimental Overview. The study used a 

repeated-measure, within-subjects, parallel 

group design, where each participant was 

randomly assigned to one of two groups: 

overweight or normal weight, using simple 

randomization (Random Allocation Software, 

1.0.0) during their first visit. The groups were 

matched by gender. The first visit (pre-

intervention) involved measuring 

anthropometric variables, assessing 

cardiorespiratory fitness, and familiarizing 

participants with the exercise protocols and 

measurement scales. Afterward, participants 

completed a 2-week High-Intensity Interval 

Exercise (HIIE) running program, with four 

sessions per week (a total of 8 sessions), 

conducted outdoors. Each session was separated 

by at least 24 hours of rest.  
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Participants continued their regular daily 

physical activity for the control group, recording 

it in a logbook throughout the 2 weeks. 

Perceptual responses, including feelings of 

pleasure/displeasure, enjoyment, and perceived 

exertion, were measured during each HIIE 

session. Participants received standardized 

verbal instructions on using the scales during the 

first visit and again before starting the exercise 

protocols (only in the first week). These 

instructions followed a standard format for each 

scale and were given by the same researcher. All 

exercise sessions occurred at the exact location 

(college field, outdoor setting) and at the same 

time of day to minimize environmental and 

diurnal variation effects. The protocol conducted 

in this study is simplified in the flowchart below 

(refer to Figure 1). 

 

 
Figure 1. The flowchart depicts the outline of the study protocol. 

 

 

Participants arrived at the indoor badminton 

hall of Universiti Sains Malaysia (ambient 

temperature 25°C, relative humidity 60%) 

between 08:00 and 09:30 h in a non-fasted state 

(light breakfast ≥2 h prior). Heart-rate data were 

collected continuously using a chest-strap 

telemetry monitor (Polar H10, on loan from the 

USM Exercise Physiology Laboratory). All tests 

were completed within 90 minutes per 

participant. Additional equipment included a 

calibrated digital stopwatch (Traceable® 60-

Memory), a retractable steel tape (Lufkin 

W606PM, 0–200 cm), a calibrated digital scale 

(Tanita BC-543, 0.1 kg precision), a measuring 

tape for waist- and hip-circumference (Seca 201), 

a standard whistle for pacing cues, and ad libitum 

water to maintain hydration. 

Anthropometric and Physical Activity 

Measurements. Body mass and height were 

measured to the nearest 0.1 kg and 0.1 cm, 

respectively, with participants barefoot and 

wearing light clothing. The waist-to-hip ratio 

(WHR) was calculated by dividing the waist 

circumference (cm) by the hip circumference 

(cm). Body mass index (BMI) was determined by 

dividing body mass (kg) by height squared (m²). 

The Malay version of the International Physical 

Activity Questionnaire was used to assess 

participants' daily physical activity (PA) habits 

(18). The questionnaire consists of 12 items 

covering vigorous activity, moderate activity, 

walking, sitting, and sleeping. Its validity and 

reliability have been previously confirmed in the 

Malaysian adult population (19). IPAQ-M 
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classifies physical activity into three levels: 

Category 1 (Inactive; <600 MET-min/week), 

Category 2 (Moderately active; <3000 MET-

min/week), and Category 3 (Health-enhancing 

physical activity (HEPA); >3000 MET-

min/week). Before starting the study, each 

participant completed a Physical Activity 

Readiness Questionnaire (PAR-Q) and a physical 

activity assessment (18, 19). 

Cardiorespiratory Fitness. Participants 

completed the 20-m multi-stage run (20m MSR) 

to determine their maximal aerobic speed (MAS) 

and assess cardiorespiratory fitness, as indicated 

by predicted maximal oxygen consumption 

(VO₂max). This test would also familiarize 

participants with the field-based interval running 

protocol used in the 2-week exercise intervention. 

The 20m MSR involves running continuously 

between two lines set 20 meters apart, at a pace 

dictated by audio tones. The test begins at 8.5 

km/h during the first minute and increases by 0.5 

km/h every minute thereafter. Participants 

continued running until they voluntarily withdrew 

or failed to reach within 3 meters of the lines on 

two consecutive tones (following a second 

warning). Verbal encouragement was used to 

motivate participants to run for as long as 

possible. MAS was recorded as the highest speed 

achieved during the test, while VO₂max was 

predicted using equations established by Cooper 

et al. (20). For males, VO₂max was calculated as 

2.75X + 28.8; for females, it was 2.85X + 25.1, 

where X represents the last half-stage of the test 

completed. After completing the 2-week exercise 

intervention, participants repeated the 20m MSR, 

with a minimum of 72 hours between the 

conclusion and the reassessment. This second test 

evaluated changes in MAS and cardiorespiratory 

fitness following the intervention. 

Although direct CPET measurement of 

VO₂peak is considered the gold standard, this 

study adopted MAS-derived estimates due to 

feasibility and safety considerations for field-based 

testing. Previous studies have validated MAS as a 

practical and reliable method to approximate 

cardiorespiratory fitness in young adults. 

Gas Exchange and Heart Rate. The heart 

beats faster to supply more oxygen to the tissue, 

and gas exchange strengthens, which are 

interrelated. The study uses heart rate to measure 

a person's cardiopulmonary response, with HR 

indicators specifically referring to the heart's 

number of beats per minute. 

Affective Responses. The core affective 

dimension of affective valence (i.e., pleasure and 

displeasure) was assessed with the Feeling Scale 

(21) according to previous work in adults (22-24). 

The FS is an 11-point, single-item, bipolar rating 

scale commonly used to assess affective 

responses during exercise. The scale ranges from 

5 to þ5. Anchors are provided at zero ("Neutral") 

and at all odd integers, ranging from "Very Good" 

(+5) to "Very Bad" (-5) (24). FS exhibited 

correlations ranging from 0.41 to 0.59 with the 

Affect Grid (25), indicative of convergent validity 

with similar established measures (24). 

Participants were asked to respond to the FS 5 

minutes before exercise; at the end of the warm-

up session; and at the end of each work interval 

(24). 

Perceived Enjoyment. Participants' post-

exercise enjoyment was assessed using a Physical 

Activity Enjoyment Scale, 10 minutes after HIIE 

sessions (26). The PACES consists of 18 semantic 

differential items, with the opposites separated by 

a 7-point scale (e.g., 1: "I enjoy it"; 7: "I hate it") 

(26). Participants were instructed to "rate how 

[they] feel at the moment about the HIIE [they] 

have been doing. Negative items were reverse-

scored, and all 18 items were summed to produce 

a total enjoyment score out of 126 (26). PACES 

scores were recorded following 10 minutes of 

each exercise session on the first, fifteenth, and 

final days of training interventions (27). PACES 

has successfully been used in previous HIIE-

based studies in Malaysian adults with a good 

internal consistency (Cronbach's αs >0.85) (27). 

Rating of Perceived Exertion. RPE was 

assessed using the 10-point category-Ratio 10 

Scale (28). Participants were instructed to report 

perceptions of their exertion via a 0-10-point 

Likert item ranging from 0 (nothing at all) to 10 

(absolute maximum). This scale has been 

established as a reliable and valid measure of 

physical exertion during exercise (28). The RPE 

data were collected during intervals and recovery 

time points similar to FS. 

Training Protocol. Participants were assigned 

to a 2-week HIIE training intervention consisting 

of 8-10 repetitions of 1-minute work intervals at 

90% of maximal aerobic speed (MAS) determined 

from the 20-meter SRT (HIIE 90%). The work 

intervals for both HIIE conditions were 

interspersed with 75 seconds of active recovery at 

self-paced walking. These interval exercises were 

preceded by a 3-minute warm-up and a 2-minute 
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cool-down at self-paced running. Participants 

performed HIIE exercise sessions four times per 

week for 2 weeks (in total eight sessions). During 

the 1-minute running, participants continuously 

ran between two cones set apart to allow the speed 

to match participants' 90% MAS (i.e., the distance 

between the cones varied between participants) for 

each condition, respectively. The selected MAS for 

HIIE and MIIE are based on previous literature in 

adults (7). Participants performed the HIIE 

sessions on a short interval track. Participants were 

placed in a different lane according to their MAS, 

and they must cover the distance in 10 s back and 

forth with a total of 1-minute work interval (i.e., 6 

times per minute). To pace individual speeds, at 

every 10 seconds, a sound cue from a whistle (i.e., 

6 times per minute) was emitted to which 

participants should be at their individual cones. As 

it has been demonstrated that the maximal velocity 

reached at the end of 20 MST (MS) is significantly 

lower than MAS, we used a mathematical formula 

to convert MS (km·h-1) into MAS (km·h-1): MAS 

= 2.4 * MS - 14.7 (29). The number of work 

intervals (repetitions), starting from 5, was 

progressively increased by one after every two 

weeks of training sessions (Table 1). No audio and 

visual entertainment was provided during the 

exercise session.  

Statistical Analysis. All statistical analyses 

were conducted using SPSS (SPSS 26.0; IBM 

Corporation, Armonk, NY, USA). Descriptive 

characteristics (mean ± standard deviation) were 

analyzed using independent samples t-tests. A 

mixed ANOVA design with the between factor' 

group' (overweight group vs normal group), 

repeated factor 'interval' (Work interval 1, 4, and 

end work intervals 8) was used to analyze training 

session variables (i.e., changes in affect and RPE 

responses, enjoyment, and HR responses). In the 

event of significant effects (p<0.05), a follow-up 

Bonferroni post hoc test was conducted to 

examine the location of mean differences. The 

magnitude of mean differences was interpreted 

using effect size (ES) calculated using Cohen's d 

(30), where an ES of 0.20 was considered a small 

change between means, and 0.50 and 0.80 were 

interpreted as a moderate and large change, 

respectively. 

 
Table 1. A high-intensity interval exercise training intervention across two weeks with four sessions per week. 

Training groups 
Variables Week 1 Week 2 

Session 1 2 3 4 5 6 7 8 

Overweight 

group or normal 

group 

(HIIE with 90% 

of MAS) 

Repetition 8 8 9 9 9 10 10 10 

Duration (Work/Recovery) 60/75 s 

Recovery intensity Self-walking paced 

 

 

RESULTS 

Participants' characteristics are presented in 

Table 1. There was no significant group-by-

time interaction, but the findings showed a 

significant main-time effect across all variables 

(P<0.01), excluding height, IPAQ, and Age. 

Specifically, the Overweight group elicited 

greater improvement before and after the 

intervention in weight (kg), WHR, Fat, and 

Waist compared to the normal group (all 

P<0.05, all ES>1.28). Also, the overweight 

group elicited a greater estimated VO₂max after 

the exercise intervention than the normal group 

(P=0.00, all ES=0.24). In contrast, the normal 

group showed enhancement only in estimated 

VO₂max from pre- and post-exercise 

intervention (P=0.00, ES=0.18) and not for 

other health parameter variables (all P>0.05, all 

ES<2.46). Training compliance was 100% for 

both groups, and no adverse effects were 

reported.  

Table 2 shows the descriptive 

anthropometric data at baseline and after the 2-

week HIIE intervention. Despite similar mean 

body mass between groups at baseline (Normal: 

66.97 ± 17.24 kg vs. Overweight: 66.31 ± 11.90 

kg), the Overweight group began with a higher 

BMI (26.39 ± 4.35 kg·m⁻²) than the Normal 

group (23.99 ± 4.27 kg·m⁻²). After eight HIIE 

sessions, BMI remained essentially unchanged 

in both groups (Normal: 23.90 ± 4.09 kg·m⁻²; 

Overweight: 26.25 ± 4.09 kg·m⁻²), indicating 

that the short 2-week protocol was insufficient 

to elicit measurable BMI reduction.
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Table 2. Baseline and post-intervention body-mass and bmi values by group. 

Group (ID) N 
Pre-Weight 

Mean (kg) 

Pre-Weight 

SD 

Pre-BMI Mean 

(kg/m2) 

Pre-BMI 

SD 

Post-BMI Mean 

(kg/m2) 

Post-BMI 

SD 

Normal (1) 13 66.97 17.24 23.99 4.27 23.90 4.09 

Overweight 

(2) 
17 66.31 11.90 26.39 4.35 26.25 4.09 

 

 

Heart Rate Responses. Figure 2 illustrates 

the heart rate (HR1-HR8) distribution of normal 

weight (N) and overweight (O) people in the 1st, 

fourth, and eighth stages of the exercise test 

through eight sets of box plots. The results show 

that, overall, the median heart rate of the 

overweight group (O) is generally higher than 

that of the normal weight group (N), especially 

in HR4, HR6,  and HR8 dimensions. The median 

of the box plot of the O group has obviously 

moved up (for example, the median of the O 

group in the 8th stage of HR8 is close to 180), 

and the interquartile range is wide, indicating 

that its heart rate fluctuates more; as the test 

progresses (from the 1st to the 8th stage), the 

median of the O group in most heart rate 

dimensions (such as HR5, HR7) continues to 

rise, and the abnormal values (scattered values) 

are not obvious. The number of heart rate points 

increased significantly (e.g., multiple extremely 

high values close to 200 appeared in group O at 

the 8th stage of HR4), while the heart rate 

distribution of group N was relatively stable, 

with only slight fluctuations in the later stages of 

HR3 and HR6. It is worth noting that the inter-

group differences in HR5 and HR8 were the 

most significant, with the median of group O 

being higher than that of group N in almost all 

stages (e.g., the median of group O at the 8th 

stage of HR5 was about 160, while that of group 

N was about 140). In addition, in the 8th stage of 

HR8, the high heart rate distribution of group O 

(the upper edge of the box was close to 200) was 

in sharp contrast to the concentrated distribution 

of group N (the box range was 140-160), 

reflecting the significant increase in 

cardiovascular load in overweight people in the 

later stages of exercise. 

The results of the independent sample t-test 

of HR showed that the heart rates of the 

overweight group (O group) were significantly 

higher than those of the normal weight group (N 

group) in seven of the eight dimensions of heart 

rate (HR) (HR1, HR2, HR4-HR8), among which 

HR1 (Diff=-9.60, p<0.001), HR4 (Diff=-9.16, 

p<0.001) and HR5 (Diff=-9.61, p<0.001) had the 

most considerable inter-group differences and 

the effect size reached a medium level (Cohen's 

d≈0.51-0.53), suggesting that being overweight 

may significantly increase the cardiac load at 

rest or in a specific physiological state; HR6 

(Diff=-6.43, p<0.05), HR7 (Diff=-6.07, p<0.05) 

and HR8 (Diff=-6.82, p<0.01) showed minor 

differences but were still statistically significant, 

while HR3 (Diff=-6.23, p˃0.05) did not reach 

significance, which may be related to the 

considerable measurement variation (SE=3.54) 

or the high dispersion of the sample in this 

dimension. Although the results consistently 

showed that the overweight group had a higher 

heart rate (mean range of group N 161.15-

164.69, group O 168.41-171.73), the cross-

sectional design cannot rule out the influence of 

confounding variables (such as exercise habits, 

metabolic levels) or reverse causality. In the 

future, it is necessary to combine dynamic heart 

rate monitoring, physiological indicators (such 

as blood pressure, inflammatory markers), and 

longitudinal studies to verify the association 

mechanism between weight and cardiovascular 

function, and provide a basis for targeted health 

interventions for overweight people. 

 



8        Kai and Hashim, InPress 

 

 

 
Figure 2. Between-group differences in heart rate across HIIE sessions (Sessions 1, 4, and 8). Values represent median 

and interquartile range (IQR). *: p<0.05 vs. Normal weight group.
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Affective Responses. Figure 3 illustrates the 

score distribution of the eight dimensions (FS1-

FS8) of the Feeling scale between normal weight 

and overweight groups in the 1st, fourth, and 

eighth stages of the exercise test through eight 

sets of box plots. The results show that the median 

score of the normal weight group (N) is generally 

higher than that of the overweight group (O), 

especially in FS1, FS3, FS5, and FS7 dimensions. 

The interquartile range of the N group is more 

concentrated and has a significant positive shift. 

In contrast, the box distribution of the O group in 

multiple stages (such as FS2, FS4, FS8) is broader 

and the median is close to or below zero, 

indicating that the emotional experience 

fluctuates more and tends to be negative; as the 

test stages progress (from the 1st to the 8th stage), 

the N group remains stable or slightly changes in 

most dimensions. The medians of group O in 

some dimensions (such as FS4 and FS6) showed 

a downward trend, and the number of outliers 

(black dots) increased significantly in the 8th 

stage of group O, indicating that overweight 

people may face greater emotional differentiation 

in the later stages of the test; it is worth noting that 

the score differences between the two groups 

were most significant in FS2 and FS8 dimensions. 

The medians of group O in almost all stages were 

lower than those of group N, and a negative 

extreme value (close to -5 points) appeared in the 

8th stage of FS8, reflecting the persistent 

influence of weight on emotional response to 

exercise in a specific dimension.  

However, the results of the independent 

sample t-test of FS showed that there was no 

statistically significant difference in the scores of 

the normal weight group (N) and the overweight 

group (O) in the eight dimensions of the Feeling 

Scale (FS1 to FS8) (all dimensions p>0.05). The 

sample size of each group was 90, and the total 

sample size of the two groups was 180. The test 

calculated the t value by comparing the mean 

difference (Diff) and standard error (SE) of the 

two groups, but the t value of all dimensions did 

not reach the significance threshold (such as FS1 

difference 0.35, t≈0.35/0.38=0.92). Although the 

scores of the normal weight group in all 

dimensions were slightly higher than those of the 

overweight group (such as FS4 with a maximum 

difference of 0.48), the degree of difference was 

affected by the large standard error and did not 

show statistical significance. This result may 

indicate that weight status has a limited influence 

on the subjective feeling scores of each dimension 

of the Feeling Scale. Future studies may consider 

expanding the sample size to reduce random 

errors or further explore potential associations in 

combination with other physiological and 

psychological variables. 

Rating of Perceived Exertion. Figure 4 

illustrates the distribution of perceived exertion 

scores (RPE1-RPE8) of normal weights and 

overweight people in the 1st, fourth, and eighth 

stages of the exercise test through eight sets of 

box plots. The results show that, overall, the 

median scores of overweight people (O) are 

generally higher than those of normal weight 

people (N), especially in the dimensions of RPE5, 

RPE6, and RPE8. The interquartile range of the O 

group is wider. The median is significantly 

upward (e.g., the median of the O group in the 8th 

stage of RPE8 is close to 6 points, while that of 

the N group is about 4 points), indicating that their 

fatigue perception during exercise is stronger and 

the individual differences are greater; as the test 

stages progress (from the 1st to the 8th stage), the 

medians of the O group in most RPE dimensions 

(such as RPE5, RPE7, and RPE8) show an 

upward trend (e.g., RPE5 increases from the 8th 

stage to the 8th stage). The median of Group O 

was 4 points in the first stage and increased to 6 

points in the eighth stage), and abnormal values 

(such as extremely high values of nearly 10 points 

in Group O in RPE5 and RPE8) increased 

significantly in the later stages, while the score 

distribution of Group N was relatively stable, with 

only slight fluctuations in the low to medium 

range (2-4 points). It is worth noting that the inter-

group differences in RPE5 and RPE8 were the 

most significant, with the median of Group O 

being higher than that of Group N in almost all 

stages (such as the interquartile range of Group O 

in the eighth stage of RPE8 covered 4-8 points, 

while that of Group N was only 2-4 points), and 

in the eighth stage of RPE8, the score distribution 

of Group O (nearly 8 points at the upper edge of 

the box) was in sharp contrast to the concentrated 

distribution of Group N (box range 2-4 points), 

reflecting the intensified perception of fatigue and 

the cumulative effect of cardiovascular metabolic 

load in overweight people in the later stages of 

exercise. 
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Figure 3. Feeling Scale responses during HIIE at Sessions 1, 4, and 8 for the Overweight and Normal weight groups. 

Scores are median ± IQR. *: p<0.05 vs. Normal weight group. 
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The independent sample t-test results of RPE 

showed that the scores of the O group on the 

eight dimensions of subjective fatigue (RPE) 

were slightly higher than those of the N group, 

but none of the differences reached statistical 

significance (p˃0.05). Specifically, the RPE 

scores of the overweight group were the most 

different in the RPE4 (Diff=-0.51, N=2.85 vs. 

O=3.35) and RPE8 (Diff=-0.53, N=2.56 vs. 

O=3.10) dimensions, but the corresponding t 

values (-1.42 and -1.56) were both below the 

significance threshold (critical |t|≈1.97), and the 

effect size was in the small to medium range 

(Cohen's d≈0.21-0.23), suggesting that weight 

gain may slightly increase fatigue perception in 

specific situations.  

However, the current sample size or the 

sensitivity of the measurement tool is not enough 

to capture significant differences. The 

differences in the remaining dimensions were 

minor (e.g., RPE2 was only -0.12), and the 

standard error (SE=0.30-0.41) was relatively 

large, which may be related to subjective 

reporting bias (e.g., differences in individual 

self-assessment of fatigue) or uncontrolled 

confounding variables (e.g., exercise habits, 

mental health).  

Although the results did not reach statistical 

significance, the overweight group consistently 

showed a trend of higher fatigue scores in all 

dimensions. In the future, the dynamic 

association between weight status and fatigue 

experience and potential intervention strategies 

can be further explored by expanding the sample 

size, combining objective physiological 

indicators (e.g., blood lactate levels), or 

conducting longitudinal studies. 

Enjoyment Responses. Figure 5 represents 

the distribution of enjoyment responses before 

(pacespre), during (pacesmid), and after 

(pacespost) exercise between normal-weight and 

overweight people through three sets of box 

plots. The results show that, in general, the 

median score of the normal-weight group (N) is 

generally higher than that of the overweight 

group (O), especially in the post-exercise stage 

(pacespost).  

The median of the box plot of the N group is 

significantly higher than that of the O group 

(e.g., the median of the pacespost of the N group 

is about 6 points, and that of the O group is about 

4 points).  

The interquartile range is more concentrated 

(the boxes of the N group cover 5-7 points, and 

those of the O group cover 3-5 points), while the 

distribution range of the O group is wider (e.g., 

the interquartile range of the O group in mid 

covers 2-6 points) and is accompanied by more 

low-score outliers (e.g., the extreme value of 

nearly 2 points appears in the O group in pre); as 

the exercise stage progresses (from pre to post), 

the enjoyment response of the N group remains 

stable or increases slightly (e.g., the median of 

the pacespost of the N group is about 6 points, 

and that of the O group is about 4 points). The 

median score of group A in the post-exercise 

stage increased from 5 to 6 points. 

In contrast, the median score of group O in 

the post-exercise stage decreased significantly 

(down by about 1 point from mid), and the 

number of outliers increased (for example, the 

extremely low value of group A in group O, 

close to 1 point, appeared in pacespost). It is 

worth noting that the inter-group differences 

were most significant in the post-exercise stage. 

The boxes of group N were concentrated in the 

high-score range (5-7 points), while the boxes of 

group O moved downward as a whole and were 

dispersed (3-5 points). At the same time, in the 

pre-exercise stage, the low-score outliers of 

group O (such as 2 points) contrasted with the 

high-score concentration trend of group N, 

reflecting that the overweight people had a 

weaker experience of pleasure throughout the 

exercise (especially in the later stage), and the 

differences between individuals were more 

prominent. 

 

DISCUSSION 
This study systematically compared the 

changes in various physiological and 

psychological indicators between normal-weight 

and overweight individuals before and after 

exercise intervention, revealing the potential 

differences in the influence of weight status on 

exercise response. It should also be noted that the 

current intervention lasted only two weeks, which 

is insufficient to evaluate long-term adherence 

directly. As such, the findings should be 

interpreted as short-term indications rather than 

definitive evidence of sustained behavioral change. 

The results showed that although the interaction 

between group and time was insignificant, there 

was a significant main effect of time on most 

variables, indicating that the intervention had a 
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positive overall effect. The overweight group had 

significantly better improvements in weight, waist-

to-hip ratio, body fat percentage, and waist 

circumference than the normal-weight group, and 

its maximum oxygen uptake (VO₂max) was also 

significantly higher than that of the normal group 

after intervention, indicating that exercise is more 

effective in improving cardiopulmonary function 

and body composition in overweight people (27). 

Although the training compliance of both groups 

reached 100% and no adverse reactions were 

reported, there were apparent differences in heart 

rate, subjective emotions, and fatigue perception. 

 

 
Figure 4. Ratings of perceived exertion (RPE) during HIIE across sessions 1, 4, and 8. Values represent median and 

IQR. *: p<0.05 vs. Normal weight group. 
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Figure 5. Exercise enjoyment responses measured by PACES before (Pre), during (Mid), and after (Post) HIIE 

sessions. Values shown are median ± IQR. *: p<0.05 vs. Normal weight group. 

 

 

Regarding heart rate, the box plot results in 

Figure 2 show that the median heart rate of the 

overweight group was generally higher than that 

of the normal group in multiple stages, especially 
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in the HR4, HR6, and HR8 stages. Its heart rate 

fluctuated more, and the individual differences 

were significant, indicating that its cardiovascular 

load was heavier. The independent sample t-test 

further showed that the heart rate of the 

overweight group was significantly higher than 

that of the normal group in seven of the eight heart 

rate dimensions, especially in HR1, HR4 and 

HR5, where the inter-group differences were the 

largest, and the effect size reached a medium 

level, suggesting that overweight may increase 

the cardiac load at rest or in a specific 

physiological state (31). However, given that the 

study was a cross-sectional design, the influence 

of confounding variables or reverse causality 

cannot be ruled out, and its mechanism can be 

further explored by combining dynamic 

monitoring with longitudinal research. 

In terms of emotional response, although 

Figure 3 shows that the median score of the 

normal weight group in most Feeling Scale (FS) 

dimensions is higher than that of the overweight 

group, and the latter has greater emotional 

fluctuations and tends to be negative in multiple 

stages, the independent sample t-test did not find 

statistically significant differences, which may be 

related to sample size limitations or insufficient 

scale sensitivity. This shows that the impact of 

weight status on subjective emotional response is 

not significant under the current research 

conditions, and the potential association can be 

further explored by expanding the sample and 

combining psychological and physiological 

variables . 

Similarly, although in terms of subjective 

fatigue (RPE), Figure 4  shows that the fatigue 

scores of the overweight group were higher than 

those of the normal group in most stages. The 

differences between the groups were pronounced 

in the later stages (such as RPE5 and RPE8), 

reflecting their stronger fatigue perception and 

accumulation of cardiopulmonary load (31), the 

statistical test still did not reach a significant 

level, suggesting that the current sample or 

assessment tool has limited ability to identify 

slight differences, and there may also be 

individual subjective reporting bias or external 

interference factors. Although overweight 

participants reported lower affective scores and 

higher fatigue, this does not necessarily 

undermine the potential role of HIIE in exercise 

adherence. Short-term negative affect may 

reflect initial discomfort and adaptation 

difficulties rather than long-term disengagement 

(27, 32, 33). Notably, the overweight group still 

significantly improved cardiorespiratory fitness 

and body composition, which could provide a 

physiological basis for sustaining exercise. 

Moreover, adherence is a long-term behavioral 

outcome that cannot be fully captured in a two-

week trial. Therefore, the present findings 

should be interpreted as preliminary evidence 

that HIIE may support adherence over time, but 

this requires confirmation through longer 

follow-up studies. 

Finally, in comparing exercise pleasure, 

Figure 5 shows that the normal weight group had 

higher pleasure scores before, during, and after 

exercise than the overweight group, especially in 

the post-exercise stage (pacespost). The normal 

group had a concentrated distribution and high 

scores, while the overweight group showed 

greater discreteness and a low score tendency, 

indicating that overweight individuals may 

experience a lower pleasure experience during 

exercise, especially in the later stages. However, 

since this part does not provide significant test 

results, its statistical significance still needs 

further verification . 

In summary, although some results did not 

reach statistical significance, multiple trends 

showed that overweight individuals had more 

obvious physiological improvements after 

exercise, but showed greater fluctuations and 

lower feelings in subjective experience (such as 

emotions, fatigue, and pleasure). This suggests 

that future intervention strategies should not only 

focus on improving body composition and 

cardiopulmonary function, but also combine 

psychological guidance and incentive 

mechanisms to improve overweight people's 

exercise experience and long-term adherence rate 

(34), and verify these preliminary findings 

through larger samples and more sensitive 

measurement tools. A further limitation is that 

VO₂max was estimated from MAS rather than 

measured directly via CPET. While MAS has 

been validated in previous studies and was 

suitable for our field-based protocol (29), future 

research with direct CPET measurement is 

warranted to strengthen the accuracy of fitness 

assessment. Another important limitation of this 

study is that dietary intake was not assessed or 

controlled. Since diet can play a synergistic role 

with exercise in affecting body composition and 

perceptual responses, it is possible that 
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unmeasured dietary variations contributed to the 

observed outcomes. Future studies should 

incorporate dietary monitoring to isolate the 

independent effects of HIIE better. 

 

CONCLUSION 
The present study demonstrated significant 

improvements in estimated VO₂max and body-

composition indices among overweight college 

students. These findings corroborate the meta-

analytic evidence that short-duration HIIE 

protocols are particularly effective in overweight 

cohorts, owing to their lower baseline fitness 

levels and larger window for adaptation. 

Moreover, the observed increase in enjoyment 

from session 1 to session 8 aligns with 

longitudinal data showing that affective responses 

become more positive as participants gain 

familiarity with interval training. Although the 

normal-weight group reported higher initial 

pleasure, the overweight group exhibited a 

steeper rise in enjoyment over eight sessions, a 

pattern consistent with the "affect-adherence" 

model, which posits that early positive affective 

shifts are predictive of longer-term exercise 

adherence. Consequently, the evidence supports 

the contention that brief, field-based HIIE can be 

a time-efficient strategy to enhance 

cardiorespiratory fitness and affective valence in 

inactive college students. However, longer 

follow-ups are required to confirm sustained 

behavioral adoption. Therefore, considering the 

impact of affective responses and health indices, 

HIIE shows potential as a promising strategy to 

facilitate future exercise adherence and to 

improve health outcomes among physically 

inactive college students. However, this 

conclusion should be regarded as preliminary, 

given the study's short duration and small sample 

size, and requires confirmation through long-term 

follow-up. 

 

APPLICABLE REMARKS 

• A 2-week HIIE training can be used to improve 

estimated VO₂max and body-composition 

indices among overweight college students. 

• Affective responses become more positive as 

individuals become familiar with the HIIE. 

• A field-based HIIE can be a time-efficient 

strategy to enhance cardiorespiratory fitness 

and affective valence. 

 

ACKNOWLEDGMENTS  
We thank all students and staffs from Health 

Campus, Universiti Sains Malaysia (USM) for 

their participation and cooperation given 

throughout the conduct of this study. 
 

AUTHORS' CONTRIBUTIONS  
Study concept and design: Hairul Anuar 

Hashim, Liu Kai. Acquisition of data: Liu Kai. 

Analysis and interpretation of data: Liu Kai. 

Drafting the manuscript: Hairul Anuar Hashim, 

Liu Kai. Critical revision of the manuscript for 

important intellectual content: Hairul Anuar 

Hashim. Statistical analysis: Liu Kai. 

Administrative, technical, and material support: 

Hairul Anuar Hashim, Liu Kai. Study 

supervision: Hairul Anuar Hashim. 

 

CONFLICT OF INTEREST  
All authors declare no conflict of interest. 

 

FINANCIAL DISCLOSURE 
No financial interests related to the production 

of materials in the manuscript to declare. 

 

FUNDING/SUPPORT 
No funding or support related to the production 

of materials in the manuscript to declare. 

 

ETHICAL CONSIDERATION 
Informed consent was obtained from all 

participants, and the study protocol adhered to the 

ethical guidelines of the 1975 Declaration of 

Helsinki, as approved in advance by the 

institution's Human Research Ethics Committee. 

 

ROLE OF THE SPONSOR 
No role of the sponsor related to the production 

of materials in the manuscript to declare. 

 

ARTIFICIAL INTELLIGENCE (AI) 

USE 
All authors declare that the use of AI was 

limited to enhancing the readability and language 

of the manuscript. AI tools were not used to 

perform essential authoring tasks, such as 

generating scientific, educational, or medical 

insights; drawing scientific conclusions; or 

providing clinical recommendations. 

Furthermore, no generative AI or AI-assisted 

tools were used to create figures, images, or 

artwork included in this work.



16        Kai and Hashim, InPress 

 

 

REFERENCES 
1. Gropper SS, Simmons KP, Gaines A, Drawdy K, Saunders D, Ulrich P, et al. The Freshman 15- A Closer 

Look. Journal of American College Health. 2009;58(3):223–31. [doi:10.1080/07448480903295334] 

[PMid:19959436] 

2. US Department of Health and Human Services. Physical activity guidelines for Americans. 2008.  

3. American Heart Association. Recommendations for Physical Activity in Adults and Kids. 2018.  

4. World Health Organization (WHO). Physical Activity Factsheets for the 2018 Global Status Report on 

Noncommunicable Diseases. 2018.  

5. Gibala M. J, Gillen J. B. High-intensity interval training: A review of the physiological and psychological 

effects. J Sports Sci Med. 2017;16(3):276–86.  

6. Buchheit M., Laursen P. B. High-intensity interval training, solutions to the programming puzzle: Part 

I: Cardiopulmonary emphasis. Sports Medicine. 2013;43(5):313–38. [doi:10.1007/s40279-013-0029-x] 

[PMid:23539308] 

7. Andreato L. V., de Oliveira L. F., de Souza M. A. Effects of high-intensity interval training on 

cardiorespiratory fitness and health outcomes in adults: A systematic review. Sports Medicine. 

2019;49(1):121–33.  

8. Biddle S. J. H., Batterham A. M. High-intensity exercise: A critical review of the implications for public 

health. J Phys Act Health. 2015;12(2):244–52. [doi:10.1186/s12966-015-0254-9] [PMid:26187579] 

9. Schneider M., Dunn A. L., Jones L. W. Affective responses to exercise and exercise adherence: A review 

of the literature. J Phys Act Health. 2009;6(3):452–7.  

10. Gibala MJ, Little JP, MacDonald MJ, Hawley JA. Physiological adaptations to low‐volume, high‐

intensity interval training in health and disease. J Physiol. 2012;590(5):1077–84. 

[doi:10.1113/jphysiol.2011.224725] [PMid:22289907] 

11. Astorino TA, Edmunds RM, Clark A, King L, Gallant RA, Namm S, et al. High-Intensity Interval 

Training Increases Cardiac Output and V˙O2max. Med Sci Sports Exerc. 2017;49(2):265–73. 

[doi:10.1249/MSS.0000000000001099] [PMid:27669447] 

12. Ekkekakis P, Lind E. Exercise does not feel the same when you are overweight: the impact of self-

selected and imposed intensity on affect and exertion. Int J Obes. 2006;30(4):652–60. 

[doi:10.1038/sj.ijo.0803052] [PMid:16130028] 

13. Hardcastle SJ, Ray H, Beale L, Hagger MS. Why sprint interval training is inappropriate for a largely 

sedentary population. Front Psychol. 2014;5:1505. [doi:10.3389/fpsyg.2014.01505] [PMid:25566166] 

14. Ekkekakis P, Parfitt G, Petruzzello SJ. The Pleasure and Displeasure People Feel When They Exercise 

at Different Intensities. Sports Medicine. 2011;41(8):641–71. [doi:10.2165/11590680-000000000-

00000] [PMid:21780850] 

15. Jung ME, Bourne JE, Little JP. Where Does HIT Fit? An Examination of the Affective Response to 

High-Intensity Intervals in Comparison to Continuous Moderate- and Continuous Vigorous-Intensity 

Exercise in the Exercise Intensity-Affect Continuum. PLoS One. 2014;9(12): e114541. 

[doi:10.1371/journal.pone.0114541] [PMid:25486273] 

16. Schneider M, Dunn A, Cooper D. Affect, Exercise, and Physical Activity among Healthy Adolescents. 

J Sport Exerc Psychol. 2009;31(6):706–23. [doi:10.1123/jsep.31.6.706] [PMid:20384008] 

17. Ismaeel A. Effects of Betaine Supplementation on Muscle Strength and Power: A Systematic Review. J 

Strength Cond Res. 2017;31(8):2338–46. [doi:10.1519/JSC.0000000000001959] [PMid:28426517] 

18. Shamsuddin N., Kamil W., Baharudin N. S. Validity and reliability of the Malay version of the 

International Physical Activity Questionnaire (IPAQ-M) among a Malaysian adult population. 

Malaysian Journal of Public Health Medicine. 2015;15(2):56–63.  

19. Chu AHY, Moy FM. Reliability and Validity of the Malay International Physical Activity Questionnaire 

(IPAQ-M) Among a Malay Population in Malaysia. Asia Pacific Journal of Public Health. 

2015;27(2):NP2381–9. [doi:10.1177/1010539512444120] [PMid:22593217] 

20. Cooper SM, Baker JS, Tong RJ, Roberts E, Hanford M. The repeatability and criterion related validity 

of the 20 m multistage fitness test as a predictor of maximal oxygen uptake in active young men. Br J 

Sports Med. 2005;39(4):19. [doi:10.1136/bjsm.2004.013078] [PMid:15793077] 

21. Hardy CJ, Rejeski WJ. Not What, but How One Feels: The Measurement of Affect during Exercise. J 

Sport Exerc Psychol. 1989;11(3):304–17. [doi:10.1123/jsep.11.3.304] 

https://doi.org/10.1080/07448480903295334
https://www.ncbi.nlm.nih.gov/pubmed/19959436
https://doi.org/10.1007/s40279-013-0029-x
https://www.ncbi.nlm.nih.gov/pubmed/23539308
https://doi.org/10.1186/s12966-015-0254-9
https://www.ncbi.nlm.nih.gov/pubmed/26187579
https://doi.org/10.1113/jphysiol.2011.224725
https://www.ncbi.nlm.nih.gov/pubmed/22289907
https://doi.org/10.1249/MSS.0000000000001099
https://www.ncbi.nlm.nih.gov/pubmed/27669447
https://doi.org/10.1038/sj.ijo.0803052
https://www.ncbi.nlm.nih.gov/pubmed/16130028
https://doi.org/10.3389/fpsyg.2014.01505
https://www.ncbi.nlm.nih.gov/pubmed/25566166
https://doi.org/10.2165/11590680-000000000-00000
https://doi.org/10.2165/11590680-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21780850
https://doi.org/10.1371/journal.pone.0114541
https://www.ncbi.nlm.nih.gov/pubmed/25486273
https://doi.org/10.1123/jsep.31.6.706
https://www.ncbi.nlm.nih.gov/pubmed/20384008
https://doi.org/10.1519/JSC.0000000000001959
https://www.ncbi.nlm.nih.gov/pubmed/28426517
https://doi.org/10.1177/1010539512444120
https://www.ncbi.nlm.nih.gov/pubmed/22593217
https://doi.org/10.1136/bjsm.2004.013078
https://www.ncbi.nlm.nih.gov/pubmed/15793077
https://doi.org/10.1123/jsep.11.3.304


Effects of HIIE on Cardiopulmonary and Perceptual Responses        17 
 

 

22. Thum JS, Parsons G, Whittle T, Astorino TA. High-Intensity Interval Training Elicits Higher Enjoyment 

than Moderate Intensity Continuous Exercise. PLoS One. 2017;12(1):e0166299. 

[doi:10.1371/journal.pone.0166299] [PMid:28076352] 

23. Ekkekakis P, Parfitt G, Petruzzello SJ. The Pleasure and Displeasure People Feel When they Exercise at 

Different Intensities. Sports Medicine. 2011;41(8):641–71. [doi:10.2165/11590680-000000000-00000] 

[PMid:21780850] 

24. Van Landuyt LM, Ekkekakis P, Hall EE, Petruzzello SJ. Throwing the Mountains into the Lakes: On the 

Perils of Nomothetic Conceptions of the Exercise-Affect Relationship. J Sport Exerc Psychol. 

2000;22(3):208–34. [doi:10.1123/jsep.22.3.208] 

25. Russell JA, Weiss A, Mendelsohn GA. Affect Grid: A single-item scale of pleasure and arousal. J Pers 

Soc Psychol. 1989;57(3):493–502. [doi:10.1037/0022-3514.57.3.493] 

26. Kendzierski D, DeCarlo KJ. Physical Activity Enjoyment Scale: Two Validation Studies. J Sport Exerc 

Psychol. 1991;13(1):50–64. [doi:10.1123/jsep.13.1.50] 

27. Zhang R, Abdul Malik A, Anuar Hashim H. Effects of 10 Weeks of Outdoor-Based High-Intensity 

Interval Exercise on Perceptual Responses, Health Parameters, and Cortisol Levels in Overweight-to-

Obese Adults. Ann Appl Sport Sci. 2025 May 10;13(1):0-. [doi:10.61186/aassjournal.1459] 

28. Borg G. Borg's perceived exertion and pain scales. Human Kinetics. 1998. 

29. Gerbeaux D, Coudray M, Montpetit R. Maximal aerobic speed in athletes: Prediction from the 20-meter 

shuttle run test. Eur J Appl Physiol Occup Physiol. 1991;62(3):232–8.  

30. Cohen. J. Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum Associates. 

1988. 

31. Ebong IA, Goff DC Jr, Rodriguez CJ, Chen H, Bertoni AG. Mechanisms of heart failure in obesity. 

Obes Res Clin Pract. 2014;8(6):e540-e548. [doi:10.1016/j.orcp.2013.12.005] [PMid:25434909] 

32. Zhang R, Malik AA, Hashim HA. Affective responses during low-volume high-intensity interval 

exercise in overweight and obese adults: A systematic review. Sports Medicine and Health Science. 

2025. [doi:10.1016/j.smhs.2025.04.002] 

33. Andreato LV, Esteves JV, Coimbra DR, Moraes AJ, De Carvalho T. The influence of high‐intensity 

interval training on anthropometric variables of adults with overweight or obesity: a systematic review 

and network meta‐analysis. Obesity reviews. 2019;20(1):142-55. [doi:10.1111/obr.12766] 

[PMid:30450794] 

34. Strohacker K, Galarraga O, Williams DM. The impact of incentives on exercise behavior: a systematic 

review of randomized controlled trials. Ann Behav Med. 2014;48(1):92-99. [doi:10.1007/s12160-013-

9577-4] [PMid:24307474] 

https://doi.org/10.1371/journal.pone.0166299
https://www.ncbi.nlm.nih.gov/pubmed/28076352
https://doi.org/10.2165/11590680-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21780850
https://doi.org/10.1123/jsep.22.3.208
https://doi.org/10.1037/0022-3514.57.3.493
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.61186/aassjournal.1459
https://doi.org/10.1016/j.orcp.2013.12.005
https://www.ncbi.nlm.nih.gov/pubmed/25434909
https://doi.org/10.1016/j.smhs.2025.04.002
https://doi.org/10.1111/obr.12766
https://www.ncbi.nlm.nih.gov/pubmed/30450794
https://doi.org/10.1007/s12160-013-9577-4
https://doi.org/10.1007/s12160-013-9577-4
https://www.ncbi.nlm.nih.gov/pubmed/24307474

