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Abstract

Introduction. Tobacco smoking is a major avoidable cause of morbidity. Smoking is one of the important factors which can
alter normal lipid profile and it is among the major risk factors in the genesis of coronary atherosclerosis. The aim of this study
was to determine the impact of high-intensity interval training on blood lipids and serum cotinine in Egyptian male smokers.
Methods. Overall, 30 sedentary male smokers with dyslipidaemia, with mean age of 30.16 + 3.22 years, were enrolled in a high-
intensity interval training program calculated as 85-95% of their individualized maximum heart rate. The training program was
applied for 30 minutes, 3 times per week for 8 weeks. Serum cotinine, low-density lipoprotein, high-density lipoprotein, triglycerides,
and total cholesterol levels were measured before and after the intervention.

Results. After the training program, a significant improvement (decrease) was observed in cotinine, low-density lipoprotein, tri-
glycerides, and total cholesterol (by 39.94%, 7.13%, 5.09%, and 4.72%, respectively). Also, there was a significant improvement
(increase) in high-density lipoprotein (by 17.07%).

Conclusions. It is recommended for smokers to participate in high-intensity interval training to improve their lipid profile and
decrease cotinine. These factors can play a role in reducing the risk for atherosclerosis.
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Introduction

The population in Egypt shows an increment in the de-
gree of smoking. Around 95% of Egyptian tobacco users
smoke every day. It was detailed that in 2004, nearly 170,000
tobacco-related deaths occurred in Egypt. Considering the
wellbeing and financial burdens of smoking, as well as poor
resources, it is essential for developing countries to fight smok-
ing and its hazards. The commonly observed complications
of smoking in Egypt were cardiovascular system complica-
tions, such as atherosclerosis and hypertension, chronic
obstructive pulmonary disease, bladder cancer, pancreatic
cancer, erectile dysfunction, spermatic mutation, and foetal
exposure to nicotine [1].

It has been found that the smoking population in Egypt is
steadily expanding, and both sexes now smoke, which makes
this habit even more widely accepted. Cigarettes and smok-
ing tobacco will proceed to grow over the following years [2].
Cigarettes are the foremost common source of nicotine;
moreover, smoked tobacco contains extra harmful chemi-
cals and constituents, which exert an unfavourable impact
on the respiratory system [3].

At present, 19.4% of adults in Egypt smoke tobacco; 0.5%
of women and 37.7% of men (95% of current smokers) are
daily smokers. Fabricated cigarettes constitute the prevalent
item smoked by men (31.7%) [1].

In their meta-analysis, Aune et al. [4] summarize data on
the smoking status and risk of sudden cardiac death. There
was a 3-fold higher risk of sudden cardiac death among current
smokers, a 38% higher relative risk among former smokers,

and a 2-fold higher risk among ever smokers compared with
never smokers. In a separate investigation of studies that
compared current smokers with non-current (never + former)
smokers, a 2-fold risk increase was revealed. It is consistent
with the key study as the inclusion of former smokers along
with never smokers would have skewed the comparison com-
munity and contributed to an underestimation of the true
connection between smoking and sudden cardiac death. There
was a 58% rise in the relative risk for 10 cigarettes a day.

Studies have demonstrated that smoking cigarettes causes
cancers of the oral cavity, bladder, larynx, pharynx, oesoph-
agus, cervix, lung, kidney, pancreas, and stomach. It can also
lead to acute myeloid leukaemia. It results in heart disease
and stroke, too [5]. Given the variability of diseases caused by
tobacco use, the health care cost of treating these diseases
is considerable. About 3.4 billion EGP (US$ 616 million) were
spent yearly in Egypt to treat the diseases caused by smok-
ing [6].

In Egypt, the percentage of tobacco-related cancers is
highest among of cancers. Among men, it raised from 8.9%
to 14.8% of total deaths after the age of 34 in years 1974—
1987. Among women, it is still generally low. In 2004, tobacco-
related deaths increased from 8% to 11% of total deaths after
the age of 34. As it shortens life expectancy, tobacco use
causes a significant financial burden owing to the rising health
care costs and low efficiency [7].

Smoking prevalence varies greatly depending on gender,
time span, and geographic region. In high-income countries,
albeit with substantial time disparities, the number of male
smokers significantly increased in the last century, peaking
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between 1950 and 1980, and then subsequently declining.
In many low- and middle-income countries, smoking preva-
lence is increasingly growing in men, but not in women [8].

The administration of nicotine causes significant changes
in the plasma lipid profile, with increased lipid peroxidation
in plasma and significantly higher levels of plasma total cho-
lesterol (TC) and low-density lipoprotein cholesterol (LDL-C)
in smokers compared with non-smokers [9]. Apparently, pas-
sive cigarette smoke exposure can lead to a significant ac-
cumulation of nicotine, followed by the presence of its me-
tabolites in various body fluids [10].

Nicotine in tobacco smoke induces adverse health effects:
raises heart rate and blood pressure, impairs breathing func-
tions, limits circulation, and affects blood vessels [11]. Co-
tinine is an active nicotine metabolite that stays in the blood
for a half-life of 18-20 hours, making analyses simpler [12].

The pack-year is a measuring unit of how much a per-
son smoked over a long period. This is calculated by multi-
plying the number of cigarette packs smoked per day by the
number of years that the person smoked [13]. Quantification
of smoked pack-years is important in clinical care, where the
degree of exposure to tobacco is associated with the risk of
disease, such as lung cancer; 1 pack-year is equivalent to
smoking 20 cigarettes (1 pack) per day for 1 year, or 40 ciga-
rettes per day for half a year [14].

Lifestyle and population activity play a crucial role in
Egypt’s determination of fitness, illness, disability, and prema-
ture mortality. The prevalence of cardiovascular diseases and
associated risk factors among the adult population is in-
creasing, including 24% smoking prevalence and increased
use of shisha tobacco. Egypt is one of the world’s most over-
weight countries; approximately 2/3 of the Egyptian popu-
lation (62.2%) are overweight and 1/3 (31.3%) are obese.
About 40% of the Egyptian population suffer from raised blood
pressure and 37% present raised cholesterol level. Aimost
1/4 (24.4%) are current smokers. Moreover, the majority of
the population reported low consumption of fruit and vegeta-
bles [15].

Short-term human studies have shown that oral nicotine
administration increases LDL-C and plasma TC and decreases
high-density lipoprotein cholesterol (HDL-C) in regular dietary
condition. Cigarette smoking was responsible for a 5-9 mg/dl
drop in HDL-C levels [16].

A possible mechanism for how cigarette smoking changes
serum lipid levels has been suggested. The absorption of
nicotine leads to the excretion of cortisol, catecholamines,
and growth hormones, which activates adenyl cyclase in
fat tissue. This results in lipolysis of the stored triglycerides
and the release of free fatty acids. This, in turn, leads to
increased liver synthesis of triglycerides and very low-den-
sity lipoprotein [17].

As cigarettes kill 50% of long-term users prematurely,
serious consideration should be given to any additional meas-
ures that may minimize death or illness [18]. Huge amounts of
harmful substances consumed by smokers with the tobacco
aerosol increase the level of free radicals and decrease anti-
oxidant activity, resulting in an oxidative-antioxidant imbal-
ance and oxidative stress induction. They therefore stimulate
inflammation and hinder the immune response. Additionally,
oxidant aggregation also affects lipid peroxidation, protein,
and nucleic acids. In addition, respiratory dysfunction, cough,
increased mucus production, dyspnoea, or wheezing may be
observed. Smoking tobacco can eventually lead to nicotine
addiction [19].

Aberrant blood vessel and systemic circulation disfunc-
tion are primary causes of vascular disorders: coronary, cere-

brovascular, renal stenosis and peripheral artery disease.
Epidemiological and basic scientific evidence supports ge-
netic reasons, which are intensified by such risk factors as
obesity, hypercholesterolaemia, hypertension, diabetes, and
smoking [20].

Physical activity is the right choice for smokers who are
very adherent to the habit and cannot take the decision to
stop smoking. Exercise can mitigate some of the negative
consequences of quitting smoking [21].

High-intensity interval training (HIIT) involves physical
exercise that is characterized by short, sporadic bursts of
vigorous activity, interposed by rest periods or exercise at low
intensity. HIIT can serve as an effective alternative to tradi-
tional endurance training, bringing about similar or even su-
perior changes in a range of physiological, as well as perfor-
mance- and health-related markers in both diseased and
healthy populations [22].

Interval exercise appears to be an important factor in im-
proving cardiovascular function, aerobic capacity, and quality
of life in smokers, which may have significant implications for
serum lipid concentrations and antioxidant capacity [23].
HIIT was traditionally applied in older, ill, and at-risk popu-
lations with longer work intervals (2—4 minutes), while more
recent HIIT concepts provide work intervals of 30—60 sec-
onds [24].

Subjects and methods
Subjects

A single-arm pre-post clinical study was performed. The
sample size was set by using G*Power software, version
3.1.9.2. The appropriate minimum sample size for this study
was 25 patients. So, the investigation was carried out among
30 sedentary male smokers with dyslipidaemia, with a mean
age of 30.16 + 3.22 years. Their mean body mass index (BMI)
equalled 28.00 + 1.49 kg/m2. They were recruited from
a smoking cessation clinic of the New Cairo Hospital, Cairo,
Egypt. It was observed that the age of subjects attending the
clinic was 3040 years. A lipid profile panel was performed for
all subjects to collect the study sample in accordance with
the predetermined inclusion criteria, which were as follows:
male sex, sedentary lifestyle, dyslipidaemia (TC: 240-300 mg/dl,
LDL-C: 160-200 mg/dl, HDL-C: 15-35 mg/dl), receiving no
lipid lowering medications at the time of the study, cigarette
smoking only. The exclusion criteria involved a chronic chest
disease, hypertension, cancer, renal or cardiovascular dis-
ease, receiving medication for dyslipidaemia, smoking any
items other than cigarettes, alcohol addiction, and musculo-
skeletal disorders that interfered with performing the exercise
program. Any patient who missed the program for more than
2 weeks or wished to withdraw was also excluded. All partici-
pants were provided with a careful explanation of the study
procedures. The exercise program was established in accord-
ance with the American College of Sports Medicine guide-
lines and was conducted between August 2017 and Decem-
ber 2018, over an 8-week period, at the New Cairo Hospital
and the Faculty of Physical Therapy, Cairo University, Egypt.

Procedures
Anthropometric measurements
Height (cm) was measured by using a wall stadiometer

with the participant dressed in light clothes and without shoes.
In the same conditions, weight (kg) was assessed with cali-
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brated weight and height scales (floor type model ZT-120,
China). BMI was identified for each participant as body mass
(kg) divided by body height squared (m?) [25] to fulfil the in-
clusion criteria of the study.

Study protocol

The study protocol was explained in detail to each patient
before the initial assessment. A complete history and physi-
cal examination were taken for all smokers, with particular
attention paid to identifying long-term complications of
smoking. At the first training session, all patients were indi-
vidually instructed about HIIT and how to stop it if they could
not continue. Also, the subjects were familiarized with a tread-
mill, running twice before the start of the study. Resting heart
rate (HRrest, bpm) was registered in the morning and after
sitting for 10 minutes with a pulsometer (Tunturt TPM-400,
Japan) before the exercise program commencement. HR-
rest was the minimum heart rate estimated within the last
minute of the rest period [26]. Also, individual maximum heart
rate (HRmax) was determined as 220 — age [27]. Blood sam-
ples were collected after an overnight fasting for 12 hours
(drinking water only) for lipid profile evaluation before the
study and at least 48 hours after the last exercise session in
the study. Another blood sample was collected to measure
cotinine level. Laboratory kits and Stat Fax (2100 US) were
used to establish serum cotinine and the lipid profile. The
chemical analysis was performed in the Biochemistry De-
partment Laboratory, Kasr El Ainy School of Medicine, Cairo
University, Egypt. After the collection of baseline data, all pa-
tients engaged in an 8-week exercise program of HIIT on an
electronic treadmill (JS 1688, China) The apparatus is equipped
with a display screen showing time in minutes and speed in
kilometres per hour. Also, a stopwatch was used to adjust the
time for each exercise phase (warm-up, active phase, and
cool-down). All patients were instructed not to change their
lifestyle or dietary habits during the study.

Exercise training protocol

— Before starting the HIIT program, all patients were able
to exercise for at least 20-30 minutes at 70-85% of their pre-
viously measured HRmax, without exhaustion.

— Warm-up and cool-down for at least 5 minutes were
performed before and after each HIIT session.

— If any patient experienced chest pain or breathing dif-
ficulties during the HIIT workout, cool-down was immediately
implemented.

— The exercise intensity was prescribed as training heart
rate depending on each patient’s HRmax and HRrest. Aer-
obic exercise intensity was determined with the Karvonen
formula [28]:

target HR = [(HRmax — HRrest) %intensity] + HRrest,
where HRmax = 220 — age

— The exercise session began with a warm-up phase,
performed by walking on the treadmill (5 minutes) at 30%
of HRmax as a preparation for the more strenuous activity,
associated with the second phase of the exercise program.
Then, the active phase of exercise occurred, in which the
patient applied HIIT for about 20 minutes. Four 5-minute sets
were held in each session (1 minute running at 85-95% of
HRmax and 4-minute recovery at 60-70% of HRmax), fol-
lowed by cool-down (5 minutes) with a gradual decrease of
treadmill intensity up to 30% of HRmax, as a recovery from

the strenuous activities to the resting phase. Pulse rate was
continuously measured during the exercise session. The pa-
tients were instructed to report any significant symptoms that
they felt during the session. The exercise program was ap-
plied for 30 minutes, 3 sessions per week (on non-consecu-
tive days) for 8 weeks.

— All 30 patients exhibited a high adherence to the train-
ing program. No serious adverse effects were reported.

Statistical analysis

The data obtained in the study group were statistically
analysed to compare the pre- and post-intervention meas-
ures within the group. The statistical analysis was conduct-
ed by using the SPSS statistical package, version 25 for
Windows (SPSS Inc., Chicago, USA). The data were nor-
mally distributed, as determined by the Shapiro-Wilk test
(parametric data). Additionally, testing for the homogeneity
of variance revealed that there was no significant difference
(p > 0.05). Descriptive statistics included the mean and
standard deviation for all variables. Paired t-test served to
compare pre- and post-treatment values of LDL-C, HDL-C,
TG, triglycerides, and cotinine variables within the study
group. All statistical results were significant at the level of
probability of p < 0.05.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results
This study was carried out to determine the impact of an
exercise intervention as a protective modulator of dyslipi-

daemia in male cigarette smokers.

Demographic and clinical characteristics
of patients

The mean age, BMI, years of smoking, number of ciga-
rettes smoked per day, pack-years, and pre-study HRmax
are presented in Table 1.

Table 1. Mean values of demographic and clinical data

Variables Mean + SD

Age (years) 30.16 £ 3.22
Body mass index (kg/m?) 28.00 + 1.49
Years of smoking 11.74 £ 3.02
Number of cigarettes per day 18.00 + 9.46
Pack-years 11.14 + 7.56
Maximum heart rate (bpm) 191.97 £ 5.73

Serum cotinine and lipid profile

The statistical analysis revealed that after 8 weeks of HIIT,
there was a significant improvement (decrease) in cotinine,
TC, LDL-C, and triglycerides by 39.94%, 4.72%, 7.13%, and
5.09%, respectively. Also, a significant improvement (increase)
in HDL-C by 17.07% was observed (Table 2).
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Table 2. Pre- and post-treatment serum cotinine and lipid profile

Variables LDL-C HDL-C TC Triglycerides Cotinine
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Pre-treatment 184.68 + 21.62 29.65 + 6.76 271.55 + 28.29 221.84 +33.94 13.52 £ 2.14

Post-treatment 171.52 + 19.73 34.71 £ 6.50 258.74 + 28.80 210.55 + 32.26 8.02 +1.86

Improvement (%) 1713 117.07 14.72 15.09 139.94

P 0.0001 0.0001 0.0001 0.0001 0.0001

Significance S S S S S

LDL-C - low-density lipoprotein cholesterol, HDL-C — high-density lipoprotein cholesterol, TC — total cholesterol, 1 — increase, | — decrease,

S - significant
Discussion

Smoking is the second major modifiable risk factor for
cardiovascular diseases [29]. It directly harms and affects car-
diac vasculature and leads to the development of other risk
factors, such as thrombus formation, dyslipidaemia, and glu-
cose intolerance [30].

Smoking is well recorded as being the most significant
aetiological factor in lung cancer growth. Overall, 80-94% of
lung cancer patients on average are smokers or former smok-
ers with 30-50 tobacco pack-years. Smoking may also in-
crease pulmonary and circulatory morbidity following a variety
of surgery interventions that are due to chronic bronchitis
and tobacco-induced atherosclerosis of coronary arteries.
Postoperative complications, according to several authors,
occur 1.4-4.3 times more frequently among smokers as com-
pared with non-smokers [31].

Tobacco smoking is one of the principal threats to public
health. Tobacco is a highly addictive drug. Smoking still re-
mains among the most common global causes of disease
and death [32]. The habit is common in Egypt, with 19.4%
(9.7 million) of adults consuming tobacco products, 37.7% of
men and 0.5% of women. A total of 95% of those are eve-
ryday smokers. The most widespread product smoked by
males is cigarettes (31.7%), followed by shisha (6.2%); how-
ever, 0.2% of manufactured cigarettes and 0.3% of shisha
products are smoked by females. In the recent 30 years, the
number of smokers in Egypt has been rising by 8-9% an-
nually, i.e., more than twice as fast as the rate of population
growth [33].

Nicotine administration caused significant changes in the
plasma lipid profile, facilitated lipid peroxidation in plasma,
and significantly increased the levels of plasma TC, LDL-C,
and malondialdehyde in smokers compared with non-smok-
ers [9]. This study was conducted to find out the effect of
exercise intervention in male smokers as a protective mod-
ulator of dyslipidaemia.

In this study, 30 dyslipidaemic male smokers underwent
an 8-week exercise routine. The participants engaged in HIIT
(mode: running on a treadmill; duration: 30 minutes; frequency:
3 days per week, non-consecutive days; intensity: high, 85—
95% of estimated HRmax; recovery at 60—70% of HRmax).

The study revealed a significant positive modulation of
the lipid profile and serum nicotine (cotinine) as a result of the
treatment. Cotinine, TC, LDL-C, and triglycerides were signifi-
cantly decreased by 39.94%, 4.72%, 7.13%, 5.09%, respec-
tively, and a significant improvement (increase) in HDL-C
by 17.07% was observed.

Lifestyle modification with optimized HIIT appears to be
a better approach to the prevention and management of
adolescent obesity and metabolic, cardiovascular, and hor-
monal disorders than moderate-intensity interval training,

as improvements in the lipid profile have been observed, par-
ticularly in plasma triglycerides in the HIIT group [34]. HIIT
combined with a quit program also led to a higher quit rate
than a moderate intervention of physical exercise [35].

Wisloff et al. [36] analysed 14 studies investigating HIIT
effect on cholesterol levels. HIIT improved HDL-C after at
least 8 weeks of training, implying that a moderate decrease
in body fat (or body weight) needs to be accompanied by
HIIT to improve TC, LDL-C, and blood triglycerides. Elmer
[37] reported that plasma triglyceride concentrations were
significantly decreased (-31 + 28 mg/dl) after HIIT as com-
pared with endurance training.

An HIIT regimen of 8 weeks implemented by Musa et al.
[38] turned out successful in bringing about beneficial im-
provements in HDL-C and TC/HDL-C but not TC in young
adult men with typical TC levels. These results support the
guidelines for HIIT as an alternative form of exercise for peo-
ple with appropriate physical fitness to boost blood lipid
profiles.

Moderate-intensity exercise of 5 minutes has been found
to be associated with a short-term reduction in nicotine ad-
ministration and the willingness to smoke. Hence, very brief
exercise breaks can be useful as a smoking cessation aid [28].

After 2 weeks of HIIT training, a statistically significant
decrease of 10.4% (p = 0.01) was observed in cholesterol
levels, which were lower (by 8.76%, p = 0.02) than pre-train-
ing values after detraining [39].

A high-intensity tracking interval protocol (4-minute walk-
ing intervals at 85-95% of HRmax) resulted in significant
changes in TC and HDL-C among obese postmenopausal
women. The findings suggest that 12 weeks of HIIT can lead
to satisfactory changes in TC and HDL-C [40].

The effect of exercise on blood lipids, TC, and cholesterol
fractions has been taken into consideration in many studies.
Triglycerides were found to decrease in most trials, while TC
quite often decreased and sometimes did not change, in-
creasing HDL-C and decreasing LDL-C, respectively [41].

Linke [42] indicated that individuals who performed inter-
mittent exercise more frequently experienced higher smok-
ing craving reduction.

Exercise sessions are associated with lower cravings, and
similar patterns exist for symptoms of tobacco withdrawal.
Thus, exercise may have the capability to help in the initial
stages of smoking cessation attempts [43].

In response to the images in brain areas associated with
reward processing and visual attention, smokers showed
increased activity after no exercise. While the same activation
areas were not observed after exercise, some kind of ‘default
mode’ within the brain was reflected. Smokers also reported
lower cigarette cravings after exercise than when they were
inactive. Research indicates that performing exercise could
improve the mood (possibly by increasing dopamine levels),
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thus reducing the salience or significance of a cigarette crav-
ing. Another hypothesis is that exercise induces changes in
blood flow to areas of the brain that are less active in antici-
pating the reward and enjoyment produced by smoking [44].

There is some evidence that nicotine withdrawal symp-
toms may be mitigated by exercise and other physiothera-
py interventions that stimulate the release of endorphins.
Exercise and increased physical activity as an aid to cessa-
tion can help reduce cravings, adverse mood changes, and
symptoms of withdrawal. Exercise raised self-efficacy and
confidence for success in smokers who tried to quit. Used
in combination with nicotine replacement therapy, exercise
has been shown to promote abstinence, improve functional
ability, and delay weight gain in women smokers. Increased
physical activity can also help reduce insomnia and serve as
a substitute or diversion activity for those trying to break their
addiction [45].

Teenagers who increased the number of days with at
least 20 minutes of exercise were statistically more likely to
decrease their daily use of cigarettes, with those in an unfit
condition exhibiting the highest probability of reducing
smoking [46].

Functional magnetic resonance imaging was used to ana-
lyse how the brain processed cigarette images during exer-
cise, showing regional brain activity changes after exercise
in response to smoking-related images [28].

The mechanism of the beneficial effect of exercise on
withdrawal and cravings is not sufficiently clear. However,
exercise has been shown to exhibit some similarities to smok-
ing in its effects on central nervous system stimulation and
neurobiological processes in the brain [47].

Limitations

The limitations of the study refer to the sample size and
the sample profile.

Conclusions

The results of this study support the importance of exer-
cise in the form of an HIIT program as a nonpharmacological
treatment of dyslipidaemia. Exercise can modulate the lipid
profile and nicotine concentration in smokers, which, in turn,
may reduce the risk of vascular disorders and other adverse
health effects of smoking.
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