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Abstract:

Background — The purpose of this study is to analyze the effects of high-intensity interval training on health-
fitness, health related quality of life, and psychological measures in college-aged smokers. Methods — 40
college-aged male smokers were randomly assigned to 2 groups: a) HIIT group included high-intensity interval
cycling training; b) Control group (CON) included participants without formal physical exercise. Intervention
lasted for 8 weeks (3 sessions/week, and 33 minutes/session). HIIT group used 65-75% of maximal heart rate
(HRnax) With a 20-min maximal work-out at 85%. The health-related quality of life (HRQOL) was assessed using
the questionnaire WHOQOL-BREF and assessment of physical health parameters included hemodynamic,
anthropometric, lung function and cardiorespiratory assessments. Results — Significant improvements in HIIT
were seen in physical health (P=0.000), psychological state (P=0.001), social relationship (P=0.004),
environment (P=0.000), resting heart rate (RHR) (P=0.000), systolic blood pressure (SBP) (P=0.007), rate
pressure product (RPP) (P=0.000), mean arterial pressure (MAP) (P=0.000), waist (P=0.003), forced vital
capacity (FVC) (P=0.001), forced expiratory volume (FEV) (P=0.027), peak expiratory flow (PEF) (P=0.000),
(forced expiratory flow) FEF 25 (P=0.023), FEF 50 (P=0.007), FEF 75 (P=0.009), steps/min (P=0.000),
VOsmax (P=0.000) and heart rate recovery (HRrec) (P=0.000). Interestingly, significant reductions were seen in
the CON group in environmental point (P=0.002), Weight (P=0.002), BMI (P=0.001), lean mass (P=0.024),
FEV/FCV (P=0.014), PEF_50 (P=0.007) and FEF 75 (P=0.009). Conclusion — The high intensity interval
training was effective to improve all dimensions of HRQOL, hemodynamic variables, lung function, and
cardiorespiratory endurance indicators in college-aged smokers. Contrarily, this study further supports it is
evident that smoking gradually results in unhealthy environmental habits, decreased body weight, BMI, and lean
mass as well as significant reductions in lung function as observed in our study. This suggests that HIIT can be a
preferred form of training for smokers willing to improve or restore their diminishing health components due to
smoking. Additionally, this can be applied in clinical conditions to provide HIIT exercise intervention to
smokers to yield healthier benefits over a short period of time during smoking cessation programs and/or
rehabilitations.

Keywords: Exercise, Smoking, Physical fitness, Health related quality of life (HRQOL), Pulmonary
function

Introduction

Smoking is one of the leading causes of mortalities and morbidities worldwide (Parkes et al., 2008).
World Health Organisation (WHO) statistics have been reported to indicate that by 2030 the mortality rate
caused by tobacco smoking will exceed eight million, with six million deaths annually (Afanador et al., 2018).
The estimated number of cigarette smokers globally has been suggested to be 1.1 billion (Afanador et al., 2018).
The use of tobacco products has been widely observed, mainly among low socioeconomic status individuals with
low access to healthcare systems (Shandu et al., 2023). This explains the population’s contribution to an increase
in tobacco-attributable diseases (Mhlanga & Garidzirai, 2020). Moreover, the health status in South Africa
remains defined among different groups such as ethnicity, gender, and level of education (Mhlanga & Garidzirai,
2020).). In this regard, various studies report increased use of tobacco products among educated individuals and
university students (Mhlanga & Garidzirai, 2020; Saced & Rashid, 2014; Shandu, et al., 2023).

The increased use of tobacco products by university students is problematic, and it has been found that
cigarette smoking has more incidences of death than car accidents, human immunodeficiency virus (HIV),
firearms, alcohol, and illegal drugs combined (Efendi et al., 2018). This incidence has been linked to increased
cancers and respiratory, cardiovascular, reproductive, and developmental problems commonly observed among
college-aged groups (West, 2017). Moreover, smoking has been found to damage nearly all the organs in the
human body, including lungs, blood vessels, heart, reproductive organs, mouth, eyes, skin, and bones (Afanador
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et al., 2018). Research indicates that half of the regular smokers will succumb to death due to smoking-related
diseases and are likely to suffer a decreased life expectancy of about 13-16 years compared to non-smokers.
Smoking can shorten the lives of males by about 12 years and females by about 11 years (West, 2017). However,
smokers who relinquish smoking before their mid-30s have an approximately equal life expectancy as non-
smokers (West, 2017).

Tobacco products encased with high concentrations of nicotine are commonly known for the negative
effects of causing physical and psychological dependency with prolonged tobacco smoking trends (West, 2017).
Crucial factors which predict a transition to regular smoking include friends who smoke, weak academic
orientation, lack of parental support, drinking alcohol, pro-smoking attitudes, and low socio-economic status
(Gellert et al., 2015). However, this transition could be caused by other factors, such as an individual’s health-
related quality of life (HRQOL), stress, depression, and anxiety (Efendi et al., 2018; Saced & Rashid, 2014; Wen
et al., 2019). The HRQOL of a smoker is different when compared to non-smokers (Efendi et al., 2018; Saeed &
Rashid, 2014). HRQOL is a broad multidimensional concept that includes self-reported statements about mental
and health status (Saeced & Rashid, 2014; Shandu et al., 2023). The HRQOL consists of four domains; physical
health, social relationships, psychological state, and environmental points (Saced & Rashid, 2014; Shandu et al.,
2023; Wen et al., 2019).

In this regard, smokers with high-stress levels often perceive themselves as less healthy, with low self-
esteem, and prone to adopting unhealthy lifestyle habits such as an increase in alcohol consumption/binge
drinking, unsafe sex, drug use, and high tobacco use (Wen et al., 2019). Moreover, smoking and stress levels
have been associated with various negative outcomes, such as depression and anxiety (Efendi et al., 2018;
Shandu et al., 2023). Smokers with depression are often seen with feelings of sadness, emptiness, anhedonia,
poor self-care, poor concentration, loss of ability to function, sleep disturbances, feelings of worthlessness, and
recurrent suicidal ideation (Koinis-Mitchell et al., 2017). Increasing anxiety levels is commonly associated with
smoking initiation since cigarettes are mostly perceived as having a calming effect (Silva et al., 2018). The most
common anxiety disorders among smokers include generalised anxiety disorder and anxiety disorder due to
substances/drugs (Maina et al., 2016). The generalised anxiety disorder is characterised by constant restlessness,
easy fatigue, difficulty concentrating, muscle tension and interrupted sleep (Maina et al., 2016). This is usually
recognised in adults younger than 30, but frequent onset can be observed in adolescence or young adulthood.
Substances/drugs induced anxiety disorder is seen shortly after intoxication or withdrawal from a substance or
during exposure to the drug (Koinis-Mitchell et al., 2017; Maina et al., 2016).

Physical activity (PA) has indicated enhancement in health in many ways (Gellert et al., 2015). Exercise
training improves physiologic, psychologic, and metabolic functioning, while risks of exposure to premature
mortality and/or morbidity and many chronic diseases decline (American College of Sports Medicine (ACSM),
2013). Furthermore, exercise training reduces the onset of cardiac events, hypertension, incidences of stroke,
type 2 diabetes, gallbladder disease, osteoporotic fractures, colon and breast cancer, obesity, depression, anxiety,
and delay mortality in smokers (ACSM, 2013). Previous literature has shown that exercise can benefit smokers
by mobilising the electrochemical neurological channels, which reduce and reverse any damage caused by
smoking which could lead to an increased risk of early mortality (Stubbs et al., 2015). Exercise intensity,
duration, and frequency define the magnitude of responses to health fitness, cardiovascular endurance, and
HRQOL (Efendi et al., 2018). For instance, training at low intensity (50% of maximal capacity or less) partially
stimulates the hypothalamus-pituitary-adrenal (HPA) system, central nervous system (CNS) and the immune
system (Hamer & Stamatakis, 2010; Mesquita et al., 2015). Strenuous activity (greater than 70% of maximal
capacity) extensively stimulates the activity of HPA, CNS and the immune system (Hamer & Stamatakis, 2010;
Mesquita et al., 2015). The broad public health recommendation further addresses the need to acquire a healthy
lifestyle for smokers. Healthy adults should at least accumulate 30 minutes of moderate-intensity exercise on
most, if not all, the days of the week (ACSM, 2013), and individuals who are interested in enhanced outcomes
exercised using larger volumes with high intensity (ACSM, 2013).

In recent years, there has been an increasing amount of literature on the prevalence and popularity of
high-intensity interval training (HIIT) among young adults, which has suggested an exciting type of exercise and
health promotion intervention with greater health benefits (Cunningham et al., 2020; Lu et al., 2022; Germano et
al., 2015; Shandu et al., 2023), however, the experimental data are rather controversial, and there is no general
agreement about its efficacy across studies (Batacan et al., 2017; Dias et al., 2018; Sultana et al., 2019). Exercise
known as HIIT involves quick, intense bursts of activity followed by intervals of active rest (Shandu et al.,
2023). Due to its adaptability to a range of physical fitness levels, HIIT can be used to achieve greater or
superior improvements in cardiometabolic fitness (Lu et al., 2022). Interestingly, our recent study indicated
improvements in HRQOL, hemodynamic, body composition, lung function, cardiorespiratory fitness and
psychological functioning among smokers with both high-intensity and continuous cycling (Shandu et al., 2023).
Studies suggest only one in five male students in ages of college meets the weekly PA recommendations while
others have an increase levels of sedentary time (Lu et al., 2022; Teixeira et al., 2020). Sedentary time for
students includes; studying, attending classes, sitting in front of computers/laptops, and sitting “chilling”
alone/with friends (i.e., drinking and/or smoking), which in turn leaves limited time for exercise training (Alessa
et al., 2017). As a result, there is a need to identify an efficient and effective type of exercise training to increase
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PA participation in this population while indirectly promoting smoking cessation (Lu et al., 2022). Previous
research has shown that HIIT can be utilized as a useful alternative to several types of traditional resistance-
based training, which yields equal or even greater significant physiological adaptations than conventional
training among both healthy and diseased populations (Iyakrus, et al., 2022; Shandu et al., 2023). Therefore, the
primary purpose of this paper was to examine changes in health-fitness, health related quality of life (HRQOL),
and psychological measures following 8-weeks of HIIT among college-aged smokers.

Material & methods
Participants

Forty males were recruited from students of the University of Zululand, Republic of South Africa
(RSA). Male students were selected who met the following criteria 18-30 years, current smokers (>3
cigarettes/day for last six months and sedentary (no planned exercise sessions per week) registered students, no
current use of medications, absence of hypertension and diabetes, and no family history of heart disease. All
subjects were free of all relative and absolute contraindications to exercise (Lu et al., 2022). Assignment to the
high-intensity interval training (HIIT; n=20) or the control group (Con; n=20) was randomized. None of the
smokers in the non-exercising group was participating in our or any regular exercise program, nor were they
involved in strenuous duties. The exercise prescription and adherence are described in Table 1. Informed consent
was obtained from each subject before the commencement of the study, which the Institutional Review Boards
approved of the University of Zululand, RSA.
Data collection
Health-related quality of life Assessment

To assess the HRQOL of the participants, the WHOQOL-BREF questionnaire was used before and
after the 8 weeks of intervention (Efendi et al., 2018). The questionnaire targeted mainly four domains: physical
health, social relationships, psychological state, and environmental points, and the values of the scores vary
across the domains for both raw scores and transformed scores. It has been suggested that the higher the value,
the better the perception of functional health and well-being (Silva et al., 2018).
Hemodynamic Assessment

The hemodynamic assessment was assessed according to the standards established by the American
College of Sports Medicine (ACSM, 2013). Blood pressure was taken after five minutes of rest with the
auscultatory method using a sphygmomanometer and stethoscope (Jiangsu Dengguan Medical Treatment
Instrument Co. Ltd.) Resting heart rate (RHR) was assessed with a polar heart rate monitor (Polar F4AM BLK,
Finland) after a five-minute rest. Standard equations for calculating rate pressure product (RPP) and mean
arterial pressure (MAP) (RPP = (SBP x HR) x 10 % and MAP = SBP + 2 (DBP)]/3 respectively were used (Jena,
2017; Shandu et al., 2023).
Table 1: High intensity interval training (HITT) group exercise intervention protocol (Jena, 2017; Shandu et al.,

2023)
Component Mode Intensity Duration
Warm-up Cycling 65-75% HR i 3 min
Main Exercise Cycling 8 sec sprint: 12 sec 60 reps/20 min

passive rest
Cool-down Cycling 20-40% HR ax 5 min
Stretching Static, whole-body Pain-free 20 sec each stretch

5 min total

VO;max: maximal consumption of oxygen; min: minutes; rpm: revolutions per minute; sec: seconds; reps:
repetitions

Anthropometric Assessment

Standardized procedures were used for all subjects during all anthropometric measurements and were
performed by a certified biokineticist according to the proposed methods of the International Society for the
Advancement of Kinanthropometry (ISAK). Subjects were in lightweight clothing, and shoes were removed. At
baseline, body mass was determined using a calibrated weight scale (Detecto, Mediotronics (PTY) LTD, USA)
to the nearest 0.1 kg. Height was measured using a stadiometer (Seca Stadiometer, 216, Seca, DURBAN, SA) to
the nearest 0.1 cm. Body mass index (BMI) was calculated using a standard equation of dividing body mass in
kilograms by stature squared in meters. Skinfold thickness was measured at the triceps, subscapular, suprailliac,
abdominal, thigh, and calf using a Harpenden skinfold calliper (Harpenden, HSB-BI, ATICO Medical Pvt. Ltd,
United Kingdom), and values were summed to give the total skinfold thickness (3.7). Percentage body fat (%BF)
was calculated using the standard equation of Jackson and Pollock (1978): percentage fat = 100 (4.95/body
density (Db) — 4.5), where Db (g/cc) = 1.120 — 0.00043499 (sum of the seven skinfolds in millimeters (3.7)) +
0.00000056 (3.7) — 0.00028826 (age)). Waist and hip circumference was measured using a non-distensible
plastic tape measure HOLTAIN® (Crosswell, United Kingdom), with 2 m and a precision of 0.1 cm with WHR
calculated with the following standard equation: waist circumference + hip circumference (ACSM, 2013). Fat
mass was calculated by multiplying body mass by body fat percentage divided by 100. Lean mass was calculated
as total body mass in kilogrammes subtracted by fat mass in kilogrammes.
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Lung function/Spirometry Assessment

Lung function assessment was conducted by the same researcher, using a calibrated electronic
spirometer (Chest Graph, HI-101, CHEST LTD., Tokyo, Japan) with a precision volume of = 50ml or +5%. To
ensure reliability and validity participants were notified not to ingest food or smoke one hour before testing. The
assessment was conducted with subjects in seated positions with nose clips to prevent breathing through the
nostrils. Three trials of the FVC maneuver were given to each subject and the highest value recorded was the
included value in the final analyses. Measured values included: FVC, forced expiratory volume in one second
(FEV)), FVC/ FEV] ratio, peak expiratory flow (PEF), forced expiratory flow after 25%, 50%, and 75% of vital
capacity has been expelled (FEF,s, FEFs,, and FEF5, respectively) were utilised in the present study.
Cardiorespiratory Endurance Assessment

Maximal oxygen uptake (VO,a) Was used to measure the cardiorespiratory endurance of participants.
A one-minute step test and standardised metronome (30 beeps per minute) have been suggested as reliable
measures to estimate oxygen uptake in adults (ACSM, 2013). For each participant, HR response was measured
in ml". kg, min" was utilised to calculate VO, with the following standard equation: 3.5 + 0.2 x steps.min” +
1.33 x (1.8 x step height (m) x steps.min™).
Intervention

All participants in the CON group remained sedentary (no planned exercise sessions) for the eight-week
intervention period. Participants randomized to HIIT performed repeated eight seconds sprints interspersed with
12 seconds bouts of passive recovery on a stationary cycle ergometer (Mornark 874E, Sweden) for a maximum
of 60 repetitions thrice weekly for the designated eight-week intervention period under researcher supervision.
All exercise sessions included a five-minute moderate warm-up at SOW in an intensity corresponding to 65-75%
HR,..x and a 20-min maximal work-out at 85%. Training ends with a five-minute low-intensity cool-down at
50W, 20-40% HR,,,.x and stretching (calf, hamstring, quadriceps, gluteus, back, neck and shoulder muscles) held
for 20 seconds, intensity corresponded to the participant’s comfort position of no pain experienced (Shaw et al.,
2009). The exercise sessions took approximately 33 minutes to complete per day.
Statistical analyses

The pre and post-intervention characteristics of the participants were described using means and
standard deviations (SD) for all the measured variables. The clinical characteristics of the participants were
analysed per group. The Shapiro-Wilk test verified the normality of the data. Paired-samples t-tests were utilised
to examine the differences between pre-test and post-test variables. Analysis of the variance (ANOVA) for
repeated measures was used to calculate the differences within groups and between the evaluations. The effect
size was calculated using the statistical calculation d Cohen (1988), and the standardized effect sizes were
classified as small (<0.20), moderate (0.20 to 0.79), and large (>0.80). Moreover, the relationship between the
continuous data was assessed using Pearson's correlation coefficient. Statistical significance was set at p<0.05.
All statistical analyses used the software Statistical Package for the Social Sciences (SPSS) for Windows (SPSS
Inc., Chicago, IL, USA), version 22.0.

Results

Of the 40 randomized participants, 32 participants (56.25% HIIT (n = 18); 43.75% Con (n =14)) were
included in the final statistical analysis of this study. Figure 1 describes the flow of participants from recruitment
to post-intervention

[ Enrolment ] ‘ Assessed for eligibility (n=40) ‘

Excluded (n=0)
+ Not meeting inclusion criteria

Y

‘ Randomized (n=40) ‘

17[ Allocation ] ‘l

Allocated to HIIT intervention (n=20) Allocated to Control group (n=20)
+ Received allocated intervention (n=20) + Received allocated intervention
(m=20"
Follow-Up
L v
| Discontinued intervention (a=2) | ‘ Discontinned intervention (1=6) ‘
l—[ Analysis ]—l
| Analyzed (n=18) | | Analyzed (n=14) |

Fig. 1. Cohort flux diagram
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Comparisons between evaluations in HRQOL

Table 2 describes the values of the dimensions of the HRQOL at baseline and after an 8-week
intervention for each one of the two groups. In the HIIT group, the primary HRQOL domain outcomes of
physical health, psychological state, social relationships, and environmental points were statistically significant
(p<0.05) with a large effect (d>0.80) following the intervention. The most striking result to emerge from the data
is that there was no evidence that the intervention influenced transformed scores of social relationships in the
HIIT group with a medium effect (0.20 > d < 0.79). Interestingly, only the environmental points domain in the
Con group was observed to be statistically significant with a large effect (d>0.80). In contrast, other domains
reported no statistically significant change (p>0.05) during the intervention period.
Hemodynamic comparisons between evaluations

After adjusting for baseline values, only RHR and RPP in the HIIT group were statistically significant
from 66.61£9.15 to 63.11+5.57 and 73.36£20.78 to 66.64+10.93; mean+SD, (p<0.05) respectively, both
variables with a medium effect (0.20 > d < 0.79), corresponding to a decrease of 5.5 and 10.1; respectively. In
the Con group, none of the variables changed following the intervention period (p>0.05) (Table 3).
Table 2: Intra-group comparisons of health-related quality of life variables (raw data and transformed scores):
physical, psychological, social relationships and environment in college-aged smokers following 8-week of high-
intensity interval training (HIIT), and a control group (Con).

Variable Group Baseline 8-weeks %45 | Effect size: Cohen’s d | P-value
Phvszical domaem
Blaw Data (7-33) HIT (n=18) + 3580=4737 1 2006=381 | 109 S| 0.o00*
CON(p=14) : 23862357 7 [ 14=355 7 81 0433 [IBRE!
Tranzformed score (4-20) | HIIT (p=18) | 14832246 | 16282231 1 §O 1334 0.000%
CON(@=14) ! 131422117 7 11932313 7 101 0.498 0.069
Transformed score (0-100) | HITT (n=18) | &7.61=01576 1 78 72=1365 | 141 -1 0.000*
CON(@=14) I 37361308 | 48300404 _[87 0.341 0.051
Psvchological domam
Faw Data (6-30) HOT (p=18) | 2094=384 © 24 72=332 1 133 -1.933 0.000%
CON(p=14) 7 1079=370 " 1020450 7 2b (18 el 0636
Transformed score (4-20) | HIMT (n=18) | 14 06=186 ' 16238=232 7 138 -1.860 0.000%
CON(@=14) 13072313 7 12862203 7 16 0081 0752
Transformed score (0-100) | HITT (n=18) | 63830163 | 73 80=1345 1 172 -1.8e4 0.o00*
CON(@=14) ! 366421331 | 35 45=0816 7 12 0074 0773
Social relationships domam
Faw Data (3-13) HIT (p=18)" 1017=2 18 | 11832198 140 204535 0.001*
CON(p=14) v 1014175 1264276 7 [07 0.194 0453
Transformed score (4-20) | HIIT (n=18) | 1333=3357 1 1517=418 1 1290 0.463 0058
CON(@p=14) | 153432240 1T26d=276 1 63 0189 0463
Transformed zcore (0-100) | HITT (n=18) | 37.61=22.43 1 6080=2300 1 161 0462 0.056
CON(p=14) | 3886=1535 " 5303=1728 "7 01 0188 0467
Environment demam
Haw Data (8-40) HIT (o=18) : 35172363 1 204612435 7 150 1840 0 .000#
CON(@=18) 7 3607436 Hoi=1d 45 450 U961 0.003*
Transformed score (4-20) | HIT (p=18) | TIR3=187 | 15062213 | 148 -1.820 0,000+
CON(p=14) ' 1320237016 1 1170203 1 177 0973 0.000*
Tranzformed zcore (0-100) | HITT (n=18) | 55.33=0133 | 1061=435 | -850 -18533 0.000%
CON(p=14) 38141343 45001445 1 30X 0926 0.003*

Values are means£SD; HIIT: high-intensity interval training; and CON: control group; *: significance difference
of pre-test and post-test.

Table 3: Resting heart rate, systolic BP-resting blood pressure, diastolic BP-resting blood pressure, rate pressure
product, and mean arterial pressure in college-aged smokers following 8-week of high-intensity interval training
(HIIT) and a control group (Con).

Variable Group Baseline §-weeks %A | Effect size: Cohen’s d | P-value

RHR (EFM) HIT (n=18) ! 66.61=0.15 63.11=3357 | 33 0.667 0.000%
CON(p=14); T414=731 13204307712 0039 0728

SEP -FEP (mmHpg) | HNT (n=18) | 106.17=12.80 7 10622=1006" 00 0008 0971
CON(p=14) i T1321=318 1 115.57=737 703 -0.048 0.851

DEF-EEP (mmHg) | HIIT (n=18) | &7.61=793 68332563 11 0.147 0.523
CON(p=14) | 8003534 TL00=4.49 01 -0.166 0521

RPP (mmHg*hpm) | HIT (p=18) | 7338622078 | 86.64=1003 | 101 0,403 0423
CON@p=14) | TI47351 g315=046 | 108 0161 0.334

LIAP (mmHg) HUT (n=18) | BO.80=700 80.85£6.56 0.1 -0.0135 0.84%
CON{p=14) | 7032 ed T 8586482 T 07388 0306

Values are means+SD; RHR: resting heart rate; BPM: beat per minute; SBP-RBP: systolic blood
pressure — resting blood pressure; mmHg: millimeters of mercury; DBP-RBP: diastolic blood pressure — resting
blood pressure; HIIT: high-intensity interval training; and CON: control group; BP: Blood pressure; RPP: Rate
pressure product; MAP: Mean arterial pressure; *: significance difference of pre-test and post-test.

Comparisons between variables of body composition

For anthropometric variables, all groups significantly improved in weight, BMI, and the sum of

skinfolds (p<0.05 for all groups) (Table 4). Only the HIIT group experienced positive improvements in %BF
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(10.54+3.20) and fat mass (7.194£2.50); meantSD, both variables p=0.000 with large effect sizes (d>0.80).
Interestingly, there were also significant differences in the lean mass of the Con group (p<0.05), with a medium
effect (0.20 > d < 0.79), corresponding to a decrease of 2.9.
Table 4: Intra-comparisons of anthropometric variables (weight, height, body mass index, waist, hip, waist-hip
ratio, sum of skinfolds, %body fat, fat mass and lean mass) in college-aged smokers following 8-week of high-
intensity interval training (HIIT) and a control group (Con).

Variable Group Baseline 8-weeks %A | Effect size: Cohen’s d | P-value
Weight (kg) HIIT (n=18) | 66.69=7.30 | 67.90=7.61 1.8 -0.888 0.001%
CONp=14) 1 73072508 | 7077=604 1 33 0983 0.002%
Height (m}) HIIT (n=18) =007
CON (p=14) 171320106
BT (kgmy | HIT (n=18) | 223562213 7 2208=T10 18 0013 0.001%
CONm=14) 34562337 1 3385206l 1 37 1.008 0.000%
Waist (cm) HIIT (n=18) 1 7381=3.67 | 7402458 1 03 -0.077 0.737
CON(n=14) | 82932041 | 8402=10%50 | 13 -0.253 0.263
Hip (cm) HIT (n=18) 1 03832306 | 04354=638 0.3 -0.087 0.703
CON(n=14) | T0093=019 " 101.14=11447 03 -0.02% 0.80%
WHR HIIT (n=18) | 0.79=0.04 0.78=0.04 00 0.141 0.540
CONTm=14)  0.82=0107 084010 13 024G 0341
Sum of skinfnlds | HIT (n=18) | 6206=1785 | 7381=1305 | 157 -17353 0.000%
CONp=14) 7 a0 07=11.13"7 6l71=058 | 119 0840 0.005%
SeBF HIIT (n=18) " 3.06=288 105423730 235 -1354 0000*
CONp=14) 7 380=1388 §.70=2351 01 0.003 0901
Fatmass (kg) | HIOT (m=08) | 5.38=111 TIe=350 1 250 -1.237 0.000#
CON@=14) | 6.43=1.33 624303 -3.0 0.087 0.133
Lean mass (kg) | HIOT (n=13) | 61.28=603  60.71=6.74 | 05 0.339 0.150
CON@=14) | 6642467 | 6432550 1 1% 0.642 0.024%

Values are means+SD; kg: kilograms; m: meter; cm: centimeter; %BF: body fat percentage; kg/m2: kilograms
per meter squared; BMI: body mass index; WHR: waist-hip ratio; HIIT: high-intensity interval training; and
CON: control group; *: significance difference of pre-test and post-test.
Spirometry/lung function comparisons

In the HIIT group, the comparisons of lung function between groups after the 8-week intervention
period presented a statistically significant change (p<0.05) in measured FVC, predicted percentage of FEV, and
both measured and predicted percentage of FEFs, and measured FEF;s In the Con group, there was an
impressionable p-value in both the measured and the predicted percentage of FVC / FEV, (%) and PEF and the
predicted percentage of FEFs, and FEF;s at the end of the intervention period (p<0.05). Table 5 describes the
lung function values at baseline and after 8-weeks of intervention for each of the two groups.
Table 5: Intra-group comparisons of lung function variables (forced vital capacity, forced expiratory volume,
forced vital capacity / forced expiratory volume in one second (%), peak expiratory flow and forced expiratory
flow) in college-aged smokers following 8-week of high-intensity interval training (HIIT) and a control group
(Con).

Variable Group Baseline 8-weeks %4 | Effect size: Cohen's d | P-value
FVC(L) - Meas HIIT (n=18) | 3.91=0.49 436=069 1 103 -0.369 0.022%
CON@p=14) | 3.78=021 3482056 1 -85 0470 0.084
FVCL)— Pred¥ HIIT (n=18) | S448=640 | 8037=1308 37 -0.386 0.103
CON(m=14) | 30.79=6.50 | 70d]=040 | -14 0.119 0.644
FEV(L) —heas HIT (n=18) | 3.46=032 JTELOE 63 00243 0,293
CONTp=14) 1 346=010 3430356 1 -12 0.100 {1608
FEVIL) - Fred¥ HIIT (n=18) | 87.19=480 | 95.78=060 : 7.0 0,857 0.oio*
CON(p=14) | 86.87=402 " 8505=030 | -I1 0.084 0.743
FVC/FEV, (%0) —©eas | HIOT (n=18) | §7.93=306 | 8034=477 1 16 00493 0.397
CON(@m=14)  91.85=3.04 | 87234=433 | 33 0.718 0014
FVC/FEV, (%2) —Pred™ | HIOT (n=18) | 106.36=3.60 @ 108.18=387: 17 0222 0,338
CONp=14) V 110675351 10 84=610 1 01 0670 020
PEF (L's) —Neas HIOT (n=18) ; §.1{=131 4.60=1.11 3 0338 0131
CON@m=14) | §.62=038 Toe=134 211 1.966 0.002#
PEF [L's) —Prad™ HIT (n=18) | 86.02=13351 02 33=1271 58 il 0323
CON{p=14) 9180651 7 70301270 159 0742 oI
FEF 35 (LVs) — Meas HIT (n=18) ¢ 4.03=0.41 TAREISE 00 03T I A
CON@m=14) i T18=028 6.70=1.051 72 0371 0164
FEF 35 (L's) - Prad®  HIT (n=18) | ¥740=10350" S428=003 1 731 EIEE b) 0065
CON(p=14) | W030=456  B482=040 7 43 0460 0071
FEF_30(Ls) — hfess HIT (n=18) | 4.16=061 4602051 7 948 <0511 0.037%
CON(p=14) | 437=033 408=046 64 0.520 0.039
FEF 507(L's) —Pred¥ | HIOT (n=18) | 7TH60=21021 §5 232743777 0512 0.058%
CONp=14) | 3400=687 | 7640=T06 | 03 .806 000T*
FEF_75(Ls)—hless HIT (n=18) | 1.63=039 2040350 ¢ 200 -0.628 0.013#
CONp=14) ; 1.78=016 163026 | 83 0433 0.093
FEF T3 (L5)-Fred% 1+ HIT (n=18) | 68.35=11.61 [ T7.03=12.07 114 0445 0.064
CON(p=14) ; 7477744 | 66.74=728 | -12.0 0.768 0.006*
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Values are means+SD; HIIT: high-intensity interval training and CON: control group; FVC: forced vital
capacity; FEV: forced expiratory volume; FVC / FEV, (%): forced vital capacity / forced expiratory volume in
one second (%); PEF: peak expiratory flow; FEF: forced expiratory flow; L/s: liters per second; Meas: measured;
Pred%: predicted percentage; *: significance difference of pre-test and post-test.

Comparisons between evaluations in cardiorespiratory endurance

After adjusting for baseline values, the single most striking observation to emerge from the data
comparison was no evidence of significant (p>0.05) differences in all groups for change in VO, (p=0.123) and
HR (p=0.717) with a small effect (d<0.20). There were no within-group differences in cardiorespiratory fitness
variables between the baseline and post-program. Baseline and change values (meantSD) of cardiorespiratory
endurance variables are presented for each group in Table 6.

Table 6: Intra-group comparisons of cardiorespiratory endurance variables (steps/min, VO, and heart rate) in
college-aged smokers following 8-week of high-intensity interval training (HIIT) and a control group (Con).

Variahle Group Baseline 8-weeks %A ¢ Effect size: Cohen’s d | Pvalue
Steps/min HIIT (n=18) | 28.28=370 | 2047=124 | 47 0.363 0.123
CON@m=14) | 2464=382 1 354322090 7 31 G302 0437
V0o, (mlEkgmm) | HIT (p=1¥) | 26352306 | 2747=100 | 41 .56 0.123
CONm=14) | 2341=33% | 2405=234 7 17 0302 0.457
HE (EFM) HIIT (p=18) | 7322=17.60 } 70831067 | 62 0.522 01N
CONm=14) | 97.29=16.06 | 102.07=1385 | 47 1246 0346

Values are means=SD; HIIT: high-intensity interval training and CON: control group; VOan.x: volume
of maximum oxygen consumption; ml/kg/min: milliliter per kilogram per minute; HR: heart rate and BPM: beat
per minute; *: significance difference of pre-test and post-test.

Discussion

No acute adverse events were reported during the study, which supports the ideology to continue to
utilise HIIT as a safe and feasible intervention for this population. This study explores the relationship between
high-intensity interval training and health fitness, health-related quality of life, and psychological measures
among college-aged smokers. Engagement in exercise has been shown to provide health benefits (Dias et al.,
2018; Lu et al., 2022; Shandu et al., 2023). However, little research has been conducted on the effectiveness of a
scientifically structured HIIT program on sedentary college-aged male smokers.

Following previous studies, in the HIIT group, all components of HRQOL were significantly improved
with greater differences in raw data and transformed scores of physical health, psychological state,
environmental points, and social relationships (not transformed scores) (Efendi et al., 2018; Jurado-Fasoli et al.,
2020; Silva et al., 2018). The results of this study support the positive correlation between exercise and HRQOL
of middle-aged smokers, which is shown by previous studies that indicated exercise significantly improves
HROQL (Kofotolis et al., 2016; Saeced & Rashid, 2014) and is related to well-being, life satisfaction, and other
components (i.e., ADLs), which applies to the youth population. One unanticipated finding was the improvement
in the environmental points domain of the Con group. Although these results differ from some published studies
(Efendi et al., 2018; Balducci et al., 2022), they are consistent with those of (Jurado-Fasoli et al., 2020; Lu et al.,
2022). This somewhat contradictory result may be due to the length of the program and differences in sample
size at baseline between studies. Another possible explanation for this is that these results corroborate the ideas
of previous studies, which suggest that flexibility exercise helps to extensively improve the quality of sleep and
rest, which results in positive outcomes of psychological stability and release of stress (Balducci et al., 2022;
Jurado-Fasoli et al., 2020).

In the current study, significant haemodynamic changes were observed only in the HIIT group in RHR
and RPP after an 8-week HIIT intervention. These results align with previous studies (Alessa et al., 2017,
Teixeira et al., 2020). These relationships may partly be explained by the physiological mechanism induced
following intense training sessions, which is an intrinsic adaptation for the sinoatrial node rather than autonomic
activity changes (Teixeira et al., 2020). Moreover, the benefits of high-intensity aerobic exercise for improving
the health and function of blood vessels are linked to endothelial cells within the vasculature, which release nitric
oxide and have potent vasodilating effects to protect cardiovascular function and health in smokers. Thus the
proper function of these endothelial cells ensures efficient blood flow distribution. Therefore, similar
physiological adaptions might have occurred in participants in the HIIT group. In contrast to earlier findings,
however, no evidence of changes in MAP, SBP, and DBP was detected (Efendi et al., 2018). This discrepancy
could be attributed to the training program duration and type of participants utilised.

A strong relationship between exercise and changes in body composition among smokers has been
reported in the literature (Efendi et al., 2018, Sultana et al., 2020). Consistent with the literature, this research
found that participants who engaged in HIIT indicated significant improvements in weight, BMI, sum of
skinfolds, %BF, and fat mass following 8 weeks of intervention (Sultana et al., 2020). It is difficult to explain
this result, but it might be related to the changes in the musculoskeletal system. HIIT exercise causes an increase
in body and skeletal muscle fatty acid oxidation and inhibition of appetite by facilitating the release of
corticotrophin hormone (Batacan et al., 2017). However, no evidence of changes in WHR was detected in the
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same experimental group. The reason for this is unclear; thus, the impact of strenuous interval training on body
composition may depend on factors such as the training frequency, duration, and intensity, the method of body
composition measurement, and the type of participants (Shokri et al., 2022).

Progressive declines in cardiorespiratory fitness and physical inactivity are recognized as important risk
factors for premature morbidity and mortality (Lu et al., 2022). In a previous longitudinal study of Norwegian
men, the authors concluded that the decline in physical fitness and lung function among healthy middle-aged
men was considerably greater among smokers than non-smokers (Dias et al., 2018). In the current study, most
pulmonary function parameters were improved and reduced to a greater extent in both participants of the HIIT
groups and the non-exercising group, respectively. The most significant improvements occurred in measured
FVC, predicted percentage of FEV, and both measured and predicted percentage of FEFs, and measured FEF ;5 in
HIIT Group. In the Con group, reductions were shown in the measured and predicted percentage of FVC / FEV,
(%) and PEF and the predicted percentage of FEFs, and FEF;5 at the end of the intervention period (p<0.05).
These findings contradict previous studies, which have suggested that FEV1 and PEF are associated with
training groups (Gellert et al., 2015). In light of these results, we believe that training programs of this duration
have only minor effects on the spirometric variables of smokers.

In the current study, no evidence indicated that the intervention significantly improved cardiorespiratory
fitness variables in both groups. Although these results differ from some published studies (Batacan et al., 2017;
Jena, 2017), they are consistent with those of Shokri et al. (2022) who found no improvements in VOppax
following short-term training compared to CON (Shokri et al. (2022). This result may be explained by the fact
that in the cardiovascular system, HIIT exercise increases cardiorespiratory endurance by increasing plasma
volume and blood flow mechanisms as well as better central adaptation, to an increase in maximal heart rate
stroke volume. This increase in stroke volume causes an increase in cardiac output. This then increases the value
of VOymax, Which is one of the critical parameters in assessing cardiorespiratory function. An increase in oxygen
capacity makes the heart work more effectively, and blood flow to muscles increases when exercising. In
general, therefore, these findings indicate that some minimum volume or duration of training may be a key
feature in the benefits related to HIIT.

Conclusions

The eight-week HIIT program significantly improved health-related quality of life, hemodynamic
variables, body composition, and lung function in middle-aged smokers, although no correlation with
cardiorespiratory fitness was found. In accordance with recent research, the study’s findings suggest that HIIT as
an exercise training may momentously affect and improve the cardio-metabolic profile, and physiological, and
psychological functioning associated with smokers (Shandu et al., 2023; Shokri et al., 2022), however, more
studies are warranted to better understand the inconsistency of evidence from studies on high-intensity exercise
and smoking among college-aged populations. Interestingly, no acute adverse events were reported during the
study, which further supports the ideology of considering utilising HIIT as a safe and feasible intervention for
this population from both the public health and clinical points of view.

Limitations

This study has several limitations. The first is its small number of participants. Secondly, the was a
potential limitation in that we only included males. Another limitation is the lack of other relevant covariates,
such as lifestyle elements (e.g., nutrition, smoking habits, physical activity). Findings cannot be extended to the
entire population of South African youth as the sample was only university students.
Conflicts of interest: No conflicts of interest are declared by the authors.
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