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ABSTRACT

This study examined a supervised moderate-intensity aerobic exercise programme’s effectiveness in regulating the Tobacco Withdrawal Symptoms
(TWS) during temporary abstinence. This was a single group, pre and post-quasi intervention study. Thirty daily smokers participated in an 8-week
supervised moderate-intensity aerobic exercise programme. We assessed the TWS, smoking urge, mood and stress-pleasure related hormonal
variables after the aerobic exercise intervention. The measurements were conducted after overnight abstinence at baseline, post-intervention (at
week-8) and post-detraining (at week-10). TWS components, smoking urge and mood were found to improve. For hormonal variables, cortisol and
beta-endorphin except adrenaline showed insignificant changes at post-intervention and de-training. The findings suggest moderate-intensity
exercise might help in reducing withdrawal symptoms and its adverse effects. Thus, exercise is an effective adjunct treatment in a smoking
cessation programme.
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Introduction
Smoking was reported to cause up to 8 million deaths globally
annually.” By 2030, approximately 10 million mortalities from
smoking-related diseases are expectf:d.2 In Malaysia, a recent
survey reported that about 21.3% or 4.8 million adults (above 15
years old) used tobacco daily.3 Annually, more than 27 200
deaths in Malaysia are related to smoking.3 Thus, smoking
cessation is a vital strategy in overcoming the burden of non-
communicable diseases (NCD) and more importantly,
achieving the National Tobacco Endgames 2045.
Behavioural and pharmacological treatment is the mainstay
of management modality in smoking cessation programme.*
There are various behavioural treatments for smoking cessation
that work in multiple complex ways such as reward related
functioning via motivational or comsumantory reward.” The
evidence supporting the use of financial incentives in promoting
smoking cessation. It demonstrates that financial incentives, as
used in contingency management, can be an effective tool for
promoting smoking cessation and maintaining abstinence.® For
emotivational and cognitive interventions can be provided to
enhance motivation and also working to decrease cognitions and
likelihood of smoking intake.” For other behavioral therapy

such as Contingency Management found to effective for short

term abstinence and need combination of other therapy8
wherease the CBT also effective therapeutic approach for as-
sisting challenges to quitting tobacco smoking but there were
several demographic factor could mediate and moderate the
treatment f:fﬁcacy.9 Indeed, the behavioural treatment should be
customised for individuals'® based on their preferences because
personalised treatment can be more effective.'’ Despite its
clinically proven effectiveness, the uptake of these smoking
cessation treatments remains poor.12

Apart from behavioural therapy, exercise was also reported to
be an effective adjunct treatment for smoking cessation." There
were several reasons of choosing exercise as adjuct in smoking
cessation because the previous studies found that exercise can
alleviating withdrawal symptoms,14 reduce cravings for ciga-
rettes’® due to the increased release of brain chemicals like
dopamine and serotonin, which can help regulate mood and
reduce the urge to smoke. Reducing TWS and craving will
improving mood and Well—being.14 Improved mood can help
prevent relapse by making it easier to cope with stress and other
triggers associated with smoking. Moreover, quitting smoking
can lead to weight gain in some individuals due to changes in
metabolism and increased appetite. Exercise can help counteract
weight gain and promote a healthier lifestyle, which can further

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial

4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/1179173X231179811
mailto:nur-hasanah@uitm.edu.my
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Tobacco Use Insights

support smoking cessation efforts.’® In addition, regular ex-
ercise can help build self-efficacy, or the belief in one’s ability to
succeed in quitting smoking can support the maintenance of
long-term abstinence.!” Several forms of exercise have been
evaluated as a complementary treatment for smoking cessation,
including yogal,18 aerobic exercise,’” and resistance exercise.?’
Continuous efforts should be taken to find other alternatives
that can collectively improve treatment efficacy.

Previous evidences supported the fact that exercise positively
improves participants’ mood and feeling.zl’22 Exercise can exert
mood-regulating effects® by increasing endogenous opiates,
cognition, and hypothalamic-pituitary axis (HPA) hormones.>*
Indeed, a recent systematic review included 21 studies to report
the effects of exercise on smoking cessation.'* However, the
studies involved different types of exercise and applied different
methodological aspects and variables found inconclusive find-
ings about the exercise to smoking cessation support improve
abstinence compared with support alone, but the evidence is
insufficient to assess whether there is a modest benefit. Thus,
makes research on exercise as a smoking adjunct treatment is
needed.

Previous studies have suggested that exercise can induce positive
physical responses, particularly in cardiorespiratory fitness® and
physiological benefit.*® In this study, moderate-intensity exercise
was selected as an introductory exercise for smokers. A study
showed that moderate-intensity exercise would be more effective to
manage TWS, besides producing greater psychological benefits
and having higher adherence rates.”” Since smokers in this study
were likely to be minimally active and lead a sedentary lifestyle,
moderate exercise is suitable to minimise the risk of cardiovascular
events associated with exercise. Exercise can be performed anytime
and anywhere, thus it should be considered as an adjunct therapy in
a patient-centred approach for smoking cessation. However, there
is a lack of high-quality studies on the incorporation of exercise as
part of a smoking cessation programme in the literature.”® Thus,
there is a lack of consensus on the effects of regular exercise on
tobacco withdrawal symptoms (TWS) and other related
hormones.

Prolonged exposure to addictive substances can modify brain
adaptations and produce mesolimbic hypofunction.29 Subse-
quent changes in the brain include the up-regulation of neural
nicotinic acetylcholine receptors (nAChRs) and the nAChR
desensitisation.>® As a result, the effect of exercise among
smokers on abstinence should be evaluated because they are
adapting to sudden withdrawal from chronic exposure to nic-
otine. Previous studies have reported the possible hormonal
changes in smokers, including cortisol dysregulation,31 dysre-
gulated reward pathways,g’2 brain stress system,33 and blunted
cortisol when compared to non-smokers.>* Chronic cigarette
use can lead to the dysregulation of HPA3? by causing a dra-
matic drop in the morning cortisol concentrations as a result of
intense withdrawal symptoms and distress during abstinence.>*
Cortisol can interact with certain neurotransmitters and hor-
mones such as acetylcholine, norepinephrine, dopamine,

vasopressin, and beta-endorphin under the modulation of
nicotine.** Indeed, beta-endorphin,**
other hormones such as leptin®® could also become dysregulated

noradrenaline,®” and

following chronic exposure to nicotine.

Figure 1 shows the conceptual framework of this study.
When undergoing smoking cessation or abstinece from
smoking, smokers commonly experience mood disturbance as a
result of hormonal dysregulation. The mood disturbance can
intensify the TWS and increase the tendency of relapse.
Figure 1 also illustrates the process of how exercise influences
the secretion of selected hormones in reducing mood distur-
bance during smoking abstinence.

This study aimed to determine the impact of moderate-
intensity exercise on TWS, smoking urge, and mood during
temporary smoking abstinence associated with psycholog-
ical and stress-pleasure related hormones. This study aimed
to generate evidence on the impact of specific types of
exercise intervention as an adjunct therapy for smoking
cessation by predicting the changes of hormonal aspects
associated with training programme. If proven so, the data
can support the incorporation of exercise as part of the
smoking cessation programme. First, this study hypothe-
sises that exercise can exert both physiological and psy-
chological impact, thus exercise should be considered as an
important adjunct therapy for smoking cessation. Secondly,
we also hypothesised that regular supervised exercise pro-
gramme may positively improve the dysregulation of the
HPA system in smokers. The stress hormones such as
cortisol and adrenaline as well as “pleasure” hormones such
as beta-endorphin can be potential biomarkers to assess the
response to exercise training programmes as the changes in
these hormones are directly correlated with the effects of
smoking cessation. Examining the effects of exercise on
TWS besides monitoring hormonal changes following ex-
ercise intervention can provide the necessary evidence to
support public health interventions in the management of
relapse during smoking cessation.

Methods
Study design

This study applied a single-group pretest-posttest quasi-
experimental design. Study variables were measured at base-
line (0 weeks), post-intervention (8 weeks), and post-detraining
(10 weeks). Detraining is the partial or complete loss of
training-induced anatomical, physiological, and performance
adaptations, as a consequence of training cessation.”” The
sample size was calculated using online sample size calculation
software™® based on the formula of paired samples. The estimate
was calculated based on the probability of an alpha value of .05
and a beta error value of .20, 80% power, and a 95% confidence
interval for repeated measurements*'. The sample size required
was 30 participants. Ethical approval was approved from the
UiTM Ethical Committee reference 600-RMI (5/1/16) and the
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Figure 1. Possible mechanism of how exercise regulates abstinence.

Medical Register Ethical Register (MREC) ID NMRR-15-
2070-28622. Participants were briefed before they provided
written consent prior to the study. This study was also registered
under the National Medical Research Registry (NMRR),
Ministry of Health, Malaysia (NMRR-15-2070-28622) and
the Iranian registery (IRCTID No: IRCT2015102121543N2)
at https://www.irct.ir/search/result?query=tws.

Participants

Participants were recruited from 4 centres, including 2 higher
education institutions, a government hospital, and a public
clinic in Sungai Buloh, Selangor, Malaysia. Convenience
sampling was used to recruit participants. The recruitment
method included advertisements through email, letters to the
heads of the department, posters, flyers, and bunting. Partici-
pants were screened to ensure that they met the inclusion
criteria, ie males, aged 20-45 years, free from chronic diseases,
smoked at least 10-20 cigarettes per day, minimally active or
sedentary, and free from anxiety and depression. The exclusion
criteria included participants who: 1) smoked more than 20
cigarettes per day, 2) had a nicotine dependence score of above
8, and 3) were at the preparation stage of quitting smoking.

Screening

The physical activity level of the participants was assessed using
the short version of the International Physical Activity Ques-
tionnaire (IPAQ-M) to determine the participants with a
sedentary lifestyle who were minimally active. Smoking-related
information was assessed in the self-administrated question-
naires by asking the number of cigarettes smoked per day.
Nicotine dependence was determined using the Malay Fa-
gerstrom Test of Nicotine Dependence (FTND) by.42 Next, the
stage of readiness to change and to quit smoking was assessed
based on a single question with 3 options to indicate the current
stage of change43. Participants would only be recruited among

moderate smokers with mild addiction because heavy smokers
were perceived to experience more intense TWS. Furthermore,
only smokers with no intention to quit were recruited and
classified into different cessation s'cages.“4 The Malay version of
the Physical Activity Readiness Questionnaire (PAR-Q) was
used to determine the readiness and safety of participants to
participate in physical activity as retrieved from the Sport
Singapura website (WWW.sportsing‘zlpore.gov.sg/).45 The Ath-
erosclerotic Cardiovascular Disease risk factors checklist devel-
oped by the American College of Sports Medicine (ACSM)*
was used to assess the CVD risk during the exercise as a pre-
caution when dealing with smokers who perform exercise.
Participants with a history of diabetes mellitus and hypertension
were also excluded. Mental health status was also screened using a
self-developed checklist with ‘Yes” and ‘No’ responses for com-
mon psychological problems. Lastly, the anxiety and depression
status were assessed using the Malay version of the Beck Anxiety
Inventory (BAI-M)*” and the Beck Depression Inventory
(BDI-M).*® The participants were excluded if the BAI score
was more than 21 or the BDI score was more than 17.

Intervention

The intervention for this study was a supervised, moderate-
intensity aerobic exercise training programme for 8 weeks in a
gymnasium as in Figure 2. The frequency of exercise training
was 3 times per week while the exercise intensity was set at a
moderate level of 64-75% of the Predicted Maximal Heart
Rate (% HRmax). The type of exercise was supervised running
on a motorised treadmill. The progression principle was ap-
plied by increasing 5 minutes of exercise time every 2 weeks.*
The intervention started with 30 minutes of exercise time
before progressing to 45 minutes after the programme. This
progression enabled the participants to maintain the pre-
scribed exercise training intensity stimuli without reaching a
training plateau state (no exercise stimulus benefits). The
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Components Week 1-2 Week 3-4 Week 5-6 Week 7-8 Week 9-10
Detraining
Warm-up 3-5 min Exercise
Frequency 3times. 3times 3times/ 3times. cessation
week week week week
Intensity moderate moderate moderate moderate Reversibility
Time 30 35 40 45 principle
min/session | min/session | min/session | min/session
Type Running on treadmill
Cooling 3-5 min (passive’ active )
down
Progression principle
Reversibility principle

Figure 2. Exercise intervention based on frequency, intensity, type and time components.

exercise intensity was prescribed using the heart rate per-
centage of the Individual Target Heart Rate Zone (THR)
zone.*® It was calculated to monitor the exercise intensity
during the exercise programme. The intervention also followed
the detraining principle. This principle was applied to remove
at least half of the effect of adaptation to training. The de-
training period for this study would be 2 weeks after the final
week of the intervention.

Data Collection

Before the data collection at baseline, post-training and
detraining were conducted, the abstinence verification
determine the carbon monoxide level via smokerlyzer
(Micro + smokerlyzer©Bedfont Scientific Ltd, England)
and expressed in parts per million (ppm). If it is more than
10 ppm, the participants were asked to re-abstinence from
smoking.

Self-administered questionnaires

The demographic characteristics included age, occupation,
smoking history, current smoking habits, and the relevant in-
struments. TWS was assessed using the validated Malay version
of the Shiffman and Jarvick Withdrawal Scale (SJWS-M)*° that
consisted of five-factor categories, ie craving (5 items), psy-
chological symptoms (5 items), physical symptoms (3 items),
sedation (1 item), and appetite (1 item) evaluated on a seven-
point Likert scale ranging from “very definitely” to “very
definitely not”. The Malay version showed good internal
consistency with Cronbach alpha value ranging from .66 to .79
for each factor. The smoking urge was assessed using the short
Malay version of the Questionnaire for Smoking Urge (QSU-M)
that has been translated and validated locally with good in-
ternal consistency.51 The QSU-M brief consists of 10 items
with 2 factors: desire and intention to smoke as well as an-
ticipation of relief from negative effects on an ‘agree-disagree’
Likert scale. The mood profile was assessed using a 12-item
Malay translated and validated Subjective Exercise Experience

Scale (SEES-M).>?

Hormonal variables

Blood samples were collected to determine serum cortisol, serum
beta-endorphin, and plasma adrenaline. After overnight smoking
abstinence, 10 ml of the antecubital venous blood was collected
from each participant using a syringe attached to a 21G x 1 %47
needle (TERUMO® Tokyo, Japan). The blood was taken around
8.00 AM to 10.00 AM to minimise diurnal variation. For serum
cortisol and beta-endorphin analysis, whole blood was transferred
into a plain tube (Becton Dickinson (BD) and silicon-coated tube
(Vacutainer, USA). The samples were left to clot for 2-3 hours
before centrifugation at 1300xg and 4°C for 10 minutes for serum
cortisol and at 1000xg and RCF for 20 minutes for beta-endorphin
using the centrifuge (EBA20 Hettich, USA). The blood sample for
adrenaline analysis was collected using EDTA tube (BD
vacutainer® K2 EDTA 5.4 mg USA) and was centrifuged at
1300xg and 4°C for 10 minutes. The serum and plasma were stored
in triple aliquots at —20°C and —80°C respectively for analysis later
on. The serum cortisol analysis was performed using the electro-
chemiluminescence immunoassay technique (Cobas e 411, Roche,
USA). The serum beta-endorphin level and plasma adrenaline
were analysed using the competitive inhibition enzyme-linked
immunosorbent assay (ELISA) method from (Cloud-Clone
Corp, USCN, China) and (Demeditec Diagnostics GmbH,
Germany) respectively. The optical density of the microplate reader
(Tecan Safire 2, Austria) was set at 450 nm wavelength. Only
concentrations with a coefficient-variation of less than 10% for
intra-assay and less than 20% for inter-assay were reported.

Statistical analysis

Data were analysed using SPSS (Version 27.0, IBM SPSS
Statistics, IBM Corporation). Descriptive statistics were pre-
sented using frequency and percentage. Repeated measures
analysis of variance (ANOVA) within the subject’s statistical
test was used to determine the impact of a supervised exercise
intervention on TWS and other variables between different
time points. Normal distribution and homogeneity of variance
were also checked in the analysis. The statistical difference level
was set at P < .05. The effect size was presented in partial n.
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Table 1. Sociodemographic information’s of study participants.
MEAN (SD) N (%)
Age 28.5 (5.08)
Marital status
Single 14 (46.7%)
Married

16 (53.3%)

Educational level

Primary 1 (3.3%)
Secondary 15 (50%)
Certificate 2 (10%)
University 11 (36.7%)

Job categories

Support staff 23 (76.6%)

Professional 3 (10%)
Student 4 (17.3%)
Salary

<RM1000.00 6 (20%)
RM1000.00-RM2999.99 12 (40%)
RM3000.00-RM4999.99 8 (26.7%)
>RM5000.00 3 (10%)

Smoking History

Age when start smoking 15.5 (3.5)
Age when become a daily smoker 16.9 (2.4)
Duration of smoking 12.9 (5.2)
No. of cigarette smoke per day 16.2 (4.1)

Results
Among the 30 participants, their average age was 28.5 =

+

I+

5.08 years old with an average duration of smoking of 12.9
5.25 years. The majority of the participants were married
(53.3%), graduated from university (36.7%), and worked as
support staff (76.6%). Most of the participants (40.0%) had a
monthly income of RM 1000-RM3000. Table 1 shows the
sociodemographic characteristics of the participants.

Table 2 shows the impact of exercise intervention. There was
a statistically significant exercise intervention effect for craving
(F [2, 58] = 5.26, P = .01, partial n? = .15) with significant
differences between baseline and post-intervention, desire to
smoke (F [1.39, 40.42] = 4.19, P < .04, partial n* = .13), with
significant differences between baseline and post-detraining.
For mood subscales, physical well-being (PWB)
(F [1.64, 47.61] = 4.03, P = .03, partial n® = .12) showed
significant differences between baseline and post-intervention.

Psychological distress (PD) (F [1.30, 37.75] = 3.93, P = .04,
partial n? = .12), fatigue (F [1, 29] = 3.70, P = .03, partial
n? = .11), and adrenaline (F [2, 58] = 4.42, P = .04, partial n?=
.14) recorded significant differences between baseline and post-
detraining.The trend of changes in mood, TWS, smoking urge,

and hormones are shown in graphs in supplement materials.

Discussion

This study focused on the impact of a supervised aerobic exercise
intervention on psychological aspects (TWS and psychological
symptoms) and associated biomarkers of stress-pleasure related
hormones during temporary smoking abstinence. On the
craving subscale of TWS, there was a significant post-
intervention difference for psychological components. The
reduction of withdrawal symptoms was also demonstrated in all
subscales, similar to another study.53 The improvement may be
due effects of exercise that helps smokers to cope with the
withdrawal symptoms and hence, facilitated smoking cessa-
tion.”> However, the effect of the exercise intervention was less
favourable for physical symptoms based on the increasing
symptom severity post-intervention.

Next, the subscale of smoking urge also recorded a reduction
post-intervention. Both the strong desire to smoke and the
anticipation of negative effects were decreased following the
exercise intervention, thus indicating a decrease in a negative
mood. Our result was similar to another study that highlighted a
reduced smoking urge after exercise.”® One of the possible
reasons could be the moderate intensity of the aerobic exercise in
the intervention was deemed comfortable and within the ac-
ceptable physical load, especially for participants who were used
to a sedentary lifestyle.55 In addition, the exercise was found to
be enjoyable, hence increasing motivation and promoting a
sense of pleasure.53’54

In addition, there was a significant increase in positive
wellbeing, decreased fatigue, and reduced physiological
distress post-intervention in the mood subscales. The sub-
sequent positive mood was due to the reduction of depression
and increased vigour after exercise. This finding was similar
to.”® In many instances, the mood is closely related to the
magnitude of withdrawal symptoms.s6 Thus, any interven-
tions that can regulate mood would also be able to reduce the
severity of withdrawal symptoms. In other words, mood
reduction can be a result of exercise-induced changes in
stress-pleasure related hormones such as cortisol and beta-
endorphin.

During the early abstinence phase, acute nicotine withdrawal
stimulates cholinergic receptors to activate cortisol production via
the HPA axis pathway. As a result, the static stress system becomes
unresponsive.”” The cortisol release is closely associated with the
abstinence-induced reduction phenomenon that affects nicotine
metabolism as well as the cortisol sensitivity that is related to
nicotine withdrawal.®® The reduced secretion of cortisol can
happen following different responses on endocrine or neural
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Table 2. The impact of exercise on TWS, smoking urge, mood and hormones.

FACTORS TIME OF MEASUREMENT MEAN (SD) FSTAT (DF) P-VALUE

PARTIAL n?

TWS

Appetite

Craving

Physical symptoms

Psychological symptoms

Sedation

Smoking urge

Desire to smoke

Anticipation of pleasure of smoking

Mood

Positive well-being

Psychological distress

Fatigue

HORMONES

Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention

Post-detraining

Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention

Post-detraining

Baseline
Post-intervention
Post-detraining
Baseline

Post -intervention
Post-detraining
Baseline
Post-intervention

Post-detraining

TIME OF MEASUREMENT

4.70 (1.84)
4.33 (2.12)
4.27 (1.93)
4.53 (.55)
4.33 (.37)
4.22 (.45)
3.46 (1.37)
3.89 (1.25)
3.46 (1.16)
3.82 (.96)
3.55 (.95)
3.69 (1.05)
3.23 (1.72)
2.77 (1.48)

3.03 (1.35)

8.25 (2.22)
7.65 (2.12)
7.53 (2.25)
7.29 (2.32)
6.89 (2.22)

7.07 (2.13)

4.54 (.93)
4.91 (.96)
4.90 (.99)
2.73 (1.08)
2.39 (.86)
2.26 (.88)
3.98 (1.22)
3.82 (1.28)

3.41 (1.37)

MEAN (SD)

77 (1.64, 47.76)

5.26 (2, 58)

.09 (2, 58)

1.86 (2, 58)

1.36 (2, 58)

4.19 (1.39, 40.42)

1.26 (1.49, 43.19)

4.03 (1.64, 47.61)

3.93 (1.30, 37.75)

3.70 (1, 29)

FSTAT(DF)

.01

91

A7

.26

.04*

.28

.03~

.04*

.03*

.03

15

.01

.06

.05

13

.04

12

A2

A1

PARTIAL n?

(Continued)
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Table 2. Continued.

HORMONES

Serum cortisol (nmol/L)

Serum beta-endorphin (pg/ml)

Plasma adrenaline (pg/ml)

TIME OF MEASUREMENT

Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention
Post-detraining
Baseline
Post-intervention

Post-detraining

MEAN (SD)
249.90 (100.11)
236.80 (90.70)
227.98 (82.46)
132.71(94.15)
152.40 (98.14)
231.73 (341.39)
23 (22)
59 (.97)

22(.28)

FSTAT(DF)

51 (1, 29)

1.96 (1.13, 32.72)

4.42 (2, 58)

.51

.04*

PARTIAL n?

.03

.29

.57

Note: TWS, Tobacco Withdrawal Symptom.
Note: *P < .05 = significant difference.

mediators as a result of the adaptation of the HPA axis functioning
in the event of regular exercise and smoking cessation.>”
Secondly, a recent study reported that reduced cortisol in the
exercise intervention could be due to the desensitised nicotine in
the body metabolism that enhances corticosteroid activity.”
The cortisol may have interacted with several neurotransmitters
that mediate the effects of nicotine that were associated with
stress-neurocircuit dysregulation of the addiction cycle.33 In
addition, the reduction might also be associated with an increase
in the adrenocortical activity in smokers as compared to non-
smokers, thus indicating the possibility that smokers are less
adept at responding to stressful conditions.>* In this study, the
cortisol reduction trend during smoking abstinence is not a
favourable sign because it is might be associated with early
relatpse.s3 The cortisol level should be high enough to stimulate
a reduction of craving as shown in vigorous exercise™. In this
study, we found that the cortisol concentration continuously
decreased at post-intervention and detraining, thus indicating a
possibility of the prolonged positive impact of exercise inter-
vention for up to 10 weeks. Our findings also support the
previous findings by.53 The reduction of cortisol also high-
lighted the potential and possibility that the dysregulation of
cortisol levels had been corrected based on the significant re-
duction in craving and improvement in mood among smokers.
The beta-endorphin is a marker related to HPA activity. It
can be used to establish a response of pleasure or euphoric
effects, as well as reward regulations.”® Normally, smoking
abstinence leads to reduced beta-endorphin and dopamine.
Altered levels of these hormones will create a vulnerability to the
effects of nicotine reward.*® In this study, there was no sig-
nificant difference in the serum beta-endorphin concentration
after the exercise intervention. However, there was an increased
trend from baseline to detraining. Our finding closely resem-
bled®’; in which the researchers found an increased level of beta-
endorphin in the exercise group. Nevertheless, even though the

increasing levels of serum beta-endorphin was not significant in
our study, it could have still led to reduced stress and cortisol
level during smoking abstinence. In other words, exercise, when
performed for a longer duration, could maintain the beta-
endorphin level and reduce drug-seeking behaviour during
smoking cessation. In addition, the changes in beta-endorphin
might be associated with the stress reflex of long-term allosteric
adjustment due to chronic nicotine consumption.g’6

This study provided a potential piece of evidence of the
impact of exercise programmes. It also highlighted the possi-
bility that regular exercise can maintain an optimal serum beta-
endorphin level even during abstinence. This hormone is
supposed to be suppressed in chronic exposure to nicotine®! due
to the alteration of the dopaminergic and opioid system centre,
subsequently promoting drug dependence in smokers.®? In
contrast, the attenuated beta-endorphin may reinforce smoking
urges and exaggerate negative mood.>® We also speculated that
regular exercise could maintain the beta-endorphin level due to
a significant improvement in craving and mood. Therefore, the
inability to detect any significant beta-endorphin changes in this
study might be due to several factors, such as small sample size,
moderate-intensity  exercise, and individuals’ training
status. A low level of lactate concentration®® as a result of
moderate-intensity or adaptation to regular exercise can explain
the insignificant increase in the fatigue factors of the mood
component. In addition, exercise intensity is known to posi-
tively influence beta-endorphin release whereby a high exercise
intensity (> 60% VO,max) causes high lactic acid concentration.
The elevated lactate threshold can promote the surge of beta-
endorphin. It is also closely related to the sympathoadrenal axis
hormone.®® As our intervention was moderate-intensity exer-
cise, it may not be sufficient to induce further training stimulus,
depending on the participants’ adaptation and fitness level.
Therefore, the possible explanation for the incremental trend of
this hormone could be the acute effect of exercise from the
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previous day, because this hormone tends to remain longer in
the blood circulation, especially in light smokers.®* The cir-
culating beta-endorphin hormone would have enhanced the
coping mechanism, especially since cortisol and nicotine would
have been reduced during abstinence. Hence, the enhancement
of beta-endorphin is the therapeutic target of exercise training to
modulate mood and stress during smoking cessation.

More importantly, there was a significant increase in plasma
adrenaline post-intervention that subsequently returned to
baseline at detraining. This was likely due to the activation of
sympathetic effects®® and the release of dopamine and its de-
rivative, adrenaline. An increase in adrenaline indicates a high
dopamine concentration. A previous study reported that TWS
severity was related to decreased levels of dopamine and cate-
cholamine.®® In this context, most pharmacotherapy treatment
targets the actions of dopamine as its reduction can promote
intense withdrawal.®® Indirectly, this demonstrated the bene-
ficial effects of our exercise intervention, as reported by.15
Furthermore, exercise intervention can help to maintain the
catecholamine homeostasis to increase the pleasure effect during
abstinence from smoking.66 In a previous study, heavy smokers
were found to face difficulty in regulating immediate brain
catecholamine release as mediated by decreases in dopamine and
noradrenaline, thus predisposing them to more severe with-
drawal symptoms.®® To counteract these negative effects, an-
tidepressants were prescribed to increase the catecholamine level
during abstinence. When taken, the synergistic effect between
antidepressants and catecholamines can contribute to more
severe TWS. As shown in this study, exercise intervention
increased the levels of adrenaline and thus exercise can be
considered as an potential adjunct to overcome TWS during
abstinence. Furthermore, the increase in the plasma adrenaline
level may be related to a significant reduction in their craving
and desire to smoke. Our finding was aligned with a study’® in
which noradrenaline was identified as a potential biomarker in
reducing cigarette cravings and TWS.

In summary, several important findings including a signif-
icant improvement in the observed psychological variables such
as mood, urge, and adrenaline following the exercise inter-
vention emerged from our study. Nonetheless, the effectiveness
of others variables following the exercise intervention may only
be established with a bigger sample size and the presence of a
control group. Thus, making generalisations based on this study
cannot be made at this moment. Nonetheless, our findings on
TWS and hormonal changes following exercise intervention
serve as important preliminary data for future studies on psycho-
physiological and addiction-related hormone dysregulation.
Future studies are strongly recommended to include a control
group and additional measurements of other related hormones
such as dopamine and serotonin. Moreover, the application
of a supervised exercise programme as an adjunct non-
pharmacological therapy for smoking cessation may be
considered in future investigations, with or without the
combination of religious or spiritual-related psychotherapy.

There are several limitations to this study. First, certain
factors could not be controlled, such as the physical activity
performed and the number of cigarettes smoked throughout the
exercise intervention by the participants. Secondly, no control
group could be established because of poor participation even
though we extended the recruitment to several centres. Thus,
the study finding might not be able to detect the actual effects of
supervised moderate-intensity exercise. Similar to other
smoking-related research®’; we faced great challenges to achieve
the sample size even though the process was extended for more
than 2 years (from February 2016 until June 2018) and to 11
centres. Thus, the cross-over study design might overcome the
challenges of this similar future study. Lastly, the low partici-
pation rate from smokers restricted a randomisation process.
Additionally, the measure of withdrawal during the 12-h
overnight abstinence might not have achieved the peak point
of withdrawal. Future studies should implement the gold
standard study design with at least a cross-over study to better
quantify the actual effect of an exercise intervention on TWS
and hormonal variables.
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