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Abstract

Background: Despite a steady world-wide decline over recent decades, rates of smoking remain high in developed
countries. In Japan, 30% of men and 10% of women are smokers. Based on these rates, 18.8 million (14.06 million
men and 4.74 million women) in Japan are smokers. The rate of success for smoking cessation has recently
improved due to the widespread availability of drug therapy; however, the success rate for quitting smoking one
year after beginning therapy is only around 50%. Previous studies have demonstrated that exercise can relieve
mental stress during continuous abstinence from smoking and curb smoking resumption. To date, no large-scale,
randomized controlled trials have examined the effects of exercise on smoking cessation. The present study aims to
determine the effects of exercise instruction on continuous abstinence from smoking after completion of smoking
cessation therapy.

Methods: This is a multicenter, prospective, parallel-group, randomized controlled trial in Japan. We will enroll 300
individuals visiting a smoking cessation clinic (over 3 months) who have abstained from smoking in the second
month after their initial visit as potential participants. Participants will not habitually exercise and will need to
consent to participate. Participants will be randomly assigned to the exercise intervention group or control group.
The intervention group will receive instruction on exercises that can be incorporated into their daily lives. The
control group will be followed during the standard smoking cessation support program. The primary endpoint will
be the continuous abstinence rate, and secondary endpoints will be weight, blood pressure, exhaled carbon
monoxide concentration, psychological state, and blood test results. These indices will be compared between the
intervention and control groups, with follow-up periods of 9 months in both groups.

Discussion: By examining the effects of exercise instruction after completion of 12-week smoking cessation
therapy, this study should yield quality information that can be used to develop protocols to improve the
continuous abstinence rate and inhibit weight gain after smoking cessation therapy.

Trial registration: UMIN Clinical Trials Registry, UMIN000014615. Registered on 1 October 2014.
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Background
Smoking is a major health issue in Japan
Smoking is a major health issue that is associated with the
development of malignancies, respiratory diseases, and
cardiovascular diseases such as cerebrovascular disease
and ischemic heart disease. The Japan Collaborative Co-
hort Study of 95,000 Japanese participants indicated that
smoking increases the risk of death due to cardiovascular
disease 1.6–2.0-fold. Moreover, numerous Japanese cohort
studies have reported that the population attributable risk
of cardiovascular disease due to smoking is approximately
20% for men and > 5% for women [1]. In Japan, the
current rate of smoking is 30% in men and 10% in women.
Despite a steady decline over the last few decades, smok-
ing rates remain high in developed countries [2]. In Japan,
> 1 million people suffer from smoking-related conditions
such as malignancies, cerebrovascular diseases, or cardio-
vascular diseases, and the medical expenses attributed to
smoking (and passive smoking) are estimated to be as high
as 1.49 trillion Yen [3].

Quitting smoking promotes public health
Quitting smoking has numerous preventive effects, such
as an improved prognosis for avoidance of cardiovascu-
lar disease [4]. Furthermore, symptoms of chronic bron-
chitis improve 1–2 months after smoking cessation;
patients with mild-to-moderate chronic obstructive pul-
monary disease have improved pulmonary function 1
year after quitting smoking; risk of coronary artery dis-
ease decreases within 2–4 years; patients with a history
of coronary artery disease have a 35% lower risk of re-
currence or death; and former smokers have a rate of di-
minished pulmonary function equivalent to that of
nonsmokers after 5 years. Moreover, individuals aged
40–59 years who attempt to quit smoking have a signifi-
cantly lower risk of incurring massive medical expenses
in the future compared with continuing smokers, and
individuals attempting to quit smoking have a reduced
risk of massive medical expenses similar to that of
lifetime nonsmokers [5]. Thus, actively promoting smok-
ing cessation should significantly inhibit the develop-
ment of cardiovascular disease and greatly reduce
medical expenses.

Smoking cessation aids lack sufficient long-term
effectiveness
Many people smoke again within 1 year after the initial
consultation at the smoking cessation clinic, even if they
quit smoking successfully. However, if they could con-
tinue quitting smoking for more than 1 year, fewer
people would smoke again. Since the term of the smok-
ing cessation therapy at clinics in Japan is 3 months, it is
necessary to follow up for the remaining 9 months after
the 3-month therapy (total of 1 year). In April 2006,

Japanese national health insurance started to include
smoking cessation treatment, and covers treatment for 3
months. The rate of success for individuals quitting
smoking has recently improved due to the widespread
availability of drug therapy at smoking cessation clinics.
Since its introduction to the Japanese market in 2008,
varenicline tartrate, an oral smoking cessation aid, has
increased the success rate of smoking cessation treat-
ment immediately after completion to approximately
70%. However, the continuous abstinence rate drops to
approximately 50% 1 year after start of therapy [6]. This
highlights the urgent requirement for medical personnel
to provide support to individuals attempting to quit
smoking to help them avoid resuming the habit.

Exercise can improve the rate of quitting smoking
Exercise can relieve mental stress, during continuous ab-
stinence from smoking, and curb smoking resumption
[7]. A systematic review of the efficacy of exercise
showed that it helped to curb smoking resumption in 12
out of 14 studies [8]. Similarly, a meta-analysis also indi-
cated that exercise, as part of a cardiac rehabilitation
program, significantly reduced the smoking rate [9]. Ac-
tive incorporation of exercise may improve the rate of
quitting smoking.

Exercise can inhibit weight gain after quitting smoking
Weight gain typically occurs after smoking cessation. A
recent meta-analysis reported that people on average
gain 4.7 kg in weight 1 year after quitting smoking [10].
Weight gain after smoking cessation may lead to the re-
sumption of smoking, and preventing weight gain is a
vital aspect of smoking cessation support. Japanese
smoking cessation programs using drug therapy provide
instruction primarily in the form of diet and cognitive
behavioral therapy; however, several studies have re-
ported that such programs may not result in adequate
weight control [11, 12]. Explaining specific forms of ex-
ercise to individuals who are attempting to quit smoking
and do not exercise may help to improve the success
rate for quitting smoking and help manage subsequent
weight control.
Several intervention studies have examined the effects

of combining exercise instruction with drug therapy. In
a systematic review of 20 studies (including 5870 partici-
pants) examining the effectiveness of exercise interven-
tions, the largest of the 20 studies was an Internet trial
of 2318 individuals. Of the 20 studies, 8 had fewer than
30 subjects, 9 included only women, and 1 included only
men. Although 4 of 20 studies reported adequate sample
size and the effectiveness of exercise in smoking cessa-
tion, the effect of exercise instruction on smoking cessa-
tion remains unclear [13].
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Study objective
The present study aims to determine the effects on con-
tinuous abstinence from smoking of exercise instruction
provided after completion of 12-week smoking cessation
therapy (covered by the national health insurance).

Methods/design
Study design
This will be a multicenter intervention study with cen-
tralized enrollment (open-label, prospective, parallel-
group, randomized controlled trial). Three institutions
participated in this study (Kyoto Medical Center, Kuma-
moto Red Cross Hospital, and Komoro Kosei Hospital).
Two of the facilities are located on the west side of Japan
and one on the east side.

Sample size
Previous research has shown that the addition of exer-
cise instruction increased the odds ratio of successful
smoking cessation threefold after 6 months. Of the 306
people screened by phone in this study, 40 people were
considered eligible and gave consent to participate. After
the 2-week run-in period, 26 individuals were random-
ized to the intervention and control groups, including 13
women and 12 men (excluding 1 participant who devel-
oped lung cancer) [14]. Assuming that the addition of
exercise instruction after the anticipated conclusion of
drug therapy is estimated to increase the odds ratio two-
fold after 9 months, and the standard therapy group is
estimated to successfully quit smoking at a rate of 50%,
then for power of 1−β = 0.8 and type I error of α = 0.05
the minimum sample size required would be 134 partici-
pants per group, making a total of 268 participants. As-
suming a dropout rate of 10% during the study, a
randomized intervention study with 150 participants per
group will require a total of 300 participants [15]. Study
participants will be allocated to one of two groups: an
exercise intervention group, who will receive additional
exercise instruction in addition to the standard instruc-
tion, and a control group, who will receive the standard
instruction. Participants will be followed for 9 months
after enrollment. The target number of participants to
be enrolled is 300 (150 in each group).

Participants
Study participants will include individuals who have
abstained from smoking during the last month while
undergoing standard smoking cessation therapy (3
months after the initial visit).

Inclusion criteria
Individuals who have abstained from smoking during
the last month while undergoing standard smoking ces-
sation therapy (3 months after the initial visit) and

fulfilling the following will be included: (1) individuals
who do not exercise (those who do not answer “I have
continued to exercise 30 min a day at least twice a week
for over a year” in a questionnaire); (2) age 20–75 years;
and (3) individuals who agree to the purpose of this
study and who provide written consent.

Exclusion criteria
Individuals fulfilling any of the following items will be
excluded: (1) those prohibited from exercising by their
physician (individuals for whom exercise is contraindi-
cated); (2) those who would have difficulty exercising
due to conditions, such as an orthopedic disorder,
neuromuscular disease, or peripheral vascular disease;
(3) pregnant women; (4) in-patients or residents of a fa-
cility; or (5) individuals whose participation in this study
has been deemed inappropriate by their primary
physician.

Discontinuation criteria
This study will be discontinued in the event of any of
the following: (1) continuation of the study is not feas-
ible due to adverse events; (2) the study cannot be con-
tinued due to participant withdrawal or withdrawal of
consent; (3) participants meet the exclusion criteria or
are deemed ineligible after enrollment; (4) women who
are pregnant; (5) marked noncompliance; (6) the study
itself is discontinued; or (7) an investigator otherwise
deems that continuing this study is not feasible.

Ethical considerations
All procedures will be carried out in accordance with
the ethical standards of the facilities involved and those
of domestic research councils and in accordance with
the 1964 Helsinki Declaration and its subsequent
amendments or comparable ethical standards.

Study protocol
An overview of the proposed study protocol is shown in
Fig. 1. The schedule of enrollment, interventions, and as-
sessments is shown in Fig. 2. The Standard Protocol
Items: Recommendations for Interventional Trials
(SPIRIT) Checklist is provided in Additional file 1.

Allocation
Participants will be centrally allocated using the elec-
tronic data capture (EDC) system of the University Hos-
pital Medical Information Network. After written
consent is obtained from participants who meet the se-
lection criteria, the lead investigator will verify that the
participants meet all of the eligibility criteria and none
of the exclusion criteria, and their information will be
registered in the EDC system. After registration, the
EDC system will assign patient numbers that do not
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Fig. 1 Overview of study protocol

Fig. 2 Schedule of enrollment, interventions, and assessments
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include a patient’s personal information. Immediately
after entry, the EDC system will randomly assign partici-
pants to one of two groups (exercise intervention or
control groups) by dynamic allocation.

Allocation and allocation adjustment factors
Potential confounding factors (age, sex, number of ciga-
rettes smoked per day, Fagerstrom test for nicotine de-
pendence (FTND) score, and self-rating depression scale
(SDS) score) will be adjusted between the two groups via
registration in the EDC system. Participants will be ran-
domized by minimization, which is a method of dynamic
allocation.

Intervention
Acquisition of data at the beginning of the study
Patient characteristics (sex, age, medical history, history
of present illness, alcohol consumption, type of medica-
tions taken, and psychological state), blood chemistry
measurements (white blood cell count, red blood cell
count, hemoglobin, hematocrit, platelet count, fasting
blood glucose, total cholesterol (T-cho), high-density
lipoprotein cholesterol (HDL-cho), and triglyceride
(TG)), and measurements of height, weight, blood pres-
sure, and concentration of exhaled carbon monoxide will
be examined at the beginning of the study. Smoking sta-
tus (number of years of smoking, number of cigarettes
smoked, tobacco dependence screener score, FTND
score, age the individual started smoking, smokers in the
family, and number of previous attempts to quit smok-
ing) will be recorded during an interview at the initial
visit to the smoking cessation clinic.

Exercise intervention group
After completion of the smoking cessation therapy, par-
ticipants will be informed of the significance of active
exercise while attempting to quit smoking. Participants
will receive an activity tracker for the duration of the
study and will be instructed on exercises to increase and
maintain their physical activity as part of their daily
lives.

Setting of exercise goals
During follow up, participants will individually record
their daily step count, level of activity, and weight. Par-
ticipants will be regularly followed up approximately 2–
4 times over 9 months. During regular follow up, partici-
pants will receive feedback based on their individual
logs, their exercise goals will be adjusted, and they will
be encouraged to maintain their amount of physical ac-
tivity and control their weight. Exercise instruction will
be provided in accordance with an exercise instruction
manual compiled under the supervision of a certified

fitness instructor and a certified cardiac rehabilitation
specialist.

Standard therapy (control) group
The control group will be followed during the course of
the standard smoking cessation program. After complet-
ing smoking cessation therapy, participants will not be
actively advised to exercise; therefore, further exercise
instruction will not be provided.
Participants will receive an activity tracker immediately

after completing smoking cessation therapy and 8
months after beginning the study. They will return the
tracker 1 month later in both instances. Participants will
be regularly followed up 2–4 times over 9 months. Dur-
ing regular follow up, we will confirm whether smoking
cessation has continued, and participants will not receive
active instructions for exercise.

Data collected during the study and follow-up periods
The study will begin on the day the participant is given
an activity tracker. The follow-up period will be 9
months in both groups. In addition to face-to-face meet-
ings, follow up may be conducted by mail, telephone, or
on line. Participant status will be ascertained at the be-
ginning of the study and at 1, 8, and 9 months after be-
ginning the study. Continuous abstinence from smoking,
psychological state, type of medications taken, blood
chemistry measurements (white blood cell count, red
blood cell count, hemoglobin, hematocrit, platelet count,
fasting blood glucose, and T-cho, HDL-cho, and TG),
and measurements of height, weight, blood pressure,
and concentration of exhaled carbon monoxide) will be
assessed in both groups after 9 months.

Items observed and studied
Primary endpoint: the primary endpoint will be continu-
ous abstinence rate. An individual is deemed to have
continuously abstained from smoking if they report
when interviewed that they have not smoked in the past
week and if their concentration of exhaled carbon mon-
oxide is ≤ 7 ppm [12].
Secondary endpoints: the secondary endpoints are

changes in metabolic indices (height, weight, blood pres-
sure, exhaled carbon monoxide concentration, red blood
cell count, white blood cell count, hemoglobin,
hematocrit, platelet count, fasting blood glucose, T-cho,
HDL-cho, and TG) and changes in an individual’s psy-
chological state (SDS score, depressive tendencies, and
patient activation measure score).

Analysis
Analysis set
The two groups (exercise intervention and control
groups) will be compared based on the intention-to-
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treat principle. All data for the metabolic indices and
psychological states of the participants in each group ob-
tained upon enrollment and 9 months after enrollment
will be analyzed. Individuals who quit smoking for a pro-
longed period will be similarly analyzed and those who
resume smoking will be excluded. Quitting smoking for
a prolonged period is defined as not smoking for 9
months after enrolling in the study (determined by inter-
view) and having exhaled carbon monoxide levels ≤ 7
ppm. The continuous abstinence rate is defined as the
proportion of participants who abstain from smoking
with respect to the total number of participants in each
group.

Items analyzed and analytical methods
The characteristics of the participants in both groups
will be described statistically. Changes in the metabolic
index and psychological state from enrollment to 9
months after enrollment will be compared between the
two groups. The distribution of individual indices at
baseline and 9 months after enrollment will be deter-
mined in the two groups, and the t test or a Wilcoxon
rank-sum test will be performed. Analysis of covariance,
multiple regression, or logistic regression will be used
for factor adjustment. In addition, Fisher’s exact test will
be used to compare the continuous abstinence rate in
the two groups. The level of significance will be p ≤ 0.05.
Two-tailed alpha of 5% and two-sided 95% confidence
level will be used. A statistician will perform the statis-
tical analysis.

Early termination of this study
The trial will be discontinued in the event of any of the
following situations: (1) if the trial cannot be safely con-
ducted due to serious adverse events; (2) if it is not pos-
sible to enroll the planned sample size; or (3) if it is not
feasible to continue the study.

Discussion
Exercise has various effects, including reduction in the
risk of osteoporosis due to improvements in cardiovas-
cular, musculoskeletal, and pulmonary function, and in-
creased muscle mass, and prevention of obesity due to
fat reduction and increased muscle mass, prevention of
dyslipidemia due to reduced serum TG and increased
HDL-cho, prevention of diabetes mellitus due to allevi-
ation of insulin resistance, and prevention of hyperten-
sion due to improved vascular endothelial function and
reduced blood pressure [16, 17]. Exercise also relieves
stress and is an effective treatment for depression as it
alleviates anxiety [18]. The 2013 Physical Activity Guide-
lines to Promote Health were formulated in Japan in
2013 [19] and included exercise as an important
component.

Weight gain is common after quitting smoking [20]
and impairs glucose tolerance [21–23], and may lead to
smoking resumption [24, 25]. In this study, simple and
safe exercises that can be easily performed by individuals
who have gained weight after quitting smoking will be
performed in accordance with a cardiac rehabilitation
program. Participants will record their weight and step
count, which should increase their self-efficacy. This
study combines smoking cessation therapy and exercise
therapy. If the study shows that exercise instruction im-
proves the continuous abstinence rate, widespread im-
plementation of the intervention is anticipated to reduce
the public smoking rate, help to promote health, reduce
medical expenses, and greatly benefit the public.

Trial status
This study protocol is the first version since 10 Decem-
ber 2015. Recruitment began on 30 March 2016, and the
expected recruitment completion date is December
2019. Recruitment to this study is ongoing at the time of
manuscript submission.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-019-3820-7.

Additional file 1: SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents*.

Abbreviations
EDC: Electronic data capture; FTND: Fagerstrom test for nicotine
dependence; HDL-cho: High-density lipoprotein cholesterol; SDS: Self-rating
depression scale; T-cho: Total cholesterol; TG: Triglyceride

Acknowledgements
We thank Yuko Iida for technical assistance.

Authors’ contributions
YO, MK, KU, HI, SS, AM, MT, SN, YK, YK, and KH conceived and designed the
study. YO, MK, YT, and KH acquired the data. YO drafted the manuscript and
critical revision was performed by MK and KH. All authors reviewed and
approved the final manuscript.

Funding
Funding for this study has been supported by the Japan Heart Foundation,
Japan Cardiovascular Association, and AstraZeneca Clinical Epidemiology
Research Grant. The funding bodies will not play any role in interpreting the
results or deciding if the results should be published.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Informed written consent was obtained from all participants. The Ethical
Review Board, National Hospital Organization, Kyoto Medical Centre
approved the study protocol. Central ethical approval has been confirmed
from The Ethical Review Board, National Hospital Organization, Kyoto
Medical Centre (approval no. 14–090) and we will not begin recruiting at
other trial centers until local ethical approval has been obtained.

Consent for publication
Not applicable.

Ozaki et al. Trials          (2019) 20:734 Page 6 of 7

https://doi.org/10.1186/s13063-019-3820-7
https://doi.org/10.1186/s13063-019-3820-7


Competing interests
The authors declare that they have no competing interests.

Author details
1Clinical Research Institute, National Hospital Organization Kyoto Medical
Center, 1-1 Mukaihata-cho, Fukakusa Fushimi-ku, Kyoto 612-8555, Japan.
2Center for Accessing Early Promising Treatment, Kyoto University Hospital,
Kyoto, Japan. 3Public Health Graduate School of Medicine Osaka University,
Osaka, Japan. 4Department of Epidemiology and Public Health, Graduate
School of Medical Sciences, Kyushu University, Fukuoka, Japan. 5Department
of Clinical Nursing, Shiga University of Medical Science, Citsu, Shiga, Japan.
6Department of Metabolic Medicine, Osaka University Graduate School of
Medicine, Osaka, Japan. 7Section of Geriatric Dentistry Department of General
Dentistry Fukuoka Dental College, Fukuoka, Japan.

Received: 13 January 2019 Accepted: 22 October 2019

References
1. Iso H, et al. Metabolic syndrome and the risk of ischemic heart disease and

stroke among Japanese men and women. Stroke. 2007;38:1744–51.
2. Ministry of Health, Labour and Welfare. The general condition of national

medical expenses 2015. http://www.mhlw.go.jp/toukei/list/37-21.html.
Accessed 6 Oct 2018.

3. Ministry of Health, Labour and Welfare. Research report on promotion of
tobacco control such as passive smoking prevention 2016. http://mhlw-
grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=201608009A. Accessed
6 Oct 2018.

4. Klara Brunnhuber K. Michael Cummings. Sheila Feit, et al. Putting evidence
into practice: Smoking cessation. BMJ Publishing Group. Summer 2007.

5. Ichiro Tsuji. Study on economic impact of various smoking cessation
countermeasures-medical cost analysis and cost effectiveness analysis 2012.
Ministry of Health, Labour and Welfare. https://research-er.jp/projects/
view/153065. Accessed 7 Dec 2019.

6. Laniado LR. Smoking cessation intervention: an evidence-based approach.
Postgrad Med. 2010;122:74–82.

7. Ussher MH, Taylor AH, West R, McEwen A. Does exercise aid smoking
cessation? A systematic review. Addiction. 2000;95:199–208.

8. Taylor AH, Ussher MH, Faulkner G. The acute effects of exercise on cigarette
cravings, withdrawal symptoms, affect and smoking behaviour: a systematic
review. Addiction. 2007;102:534–43.

9. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabilitation for
patients with coronary heart disease: systematic review and meta-analysis of
randomized controlled trials. Am J Med. 2004;116:682–92.

10. Aubin HJ. Weight gain in smokers after quitting cigarettes. meta-analysis.
BMJ. 2012;345:e4439.

11. Kato M, Matsunaga A, Naito Y, et al. Effect of weight gain following
smoking cessation on cardiovascular risk factors in patients with acute
myocardial infarction. Heart. 2011;43:174–80 (ISSN: 0586–4488).

12. Brown RA, Lejuez CW, Kahler CW, et al. Distress tolerance and early smoking
lapse. Clin Psychol Rev. 2005;25:713–33.

13. Ussher MH, Taylor A, Faulkner G. Exercise interventions for smoking
cessation. Cochrane Database Systematic Rev. 2012;(1):CD002295. https://
doi.org/10.1002/14651858.CD002295.pub4.

14. Ciccolo JT, Dunsiger SI, Williams DM, et al. Resistance training as an aid to
standard smoking cessation treatment: A pilot study. Nicotine Tob Res.
2011;13:756–60.

15. Chow S, Shao J, Wang H. Sample size calculations in clinical research 2nd
edition. Journal of the International Biometric Society. 2008:64(4).

16. Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal muscle as
a secretory organ. Nat Rev Endocrinol. 2012;8:457–65.

17. Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic
diseases. Compr Physiol. 2012;2:1143–211.

18. Rimes RR, de Souza Moura AM, Lamego MK, et al. Effects of exercise on
physical and mental health, and cognitive and brain functions in
schizophrenia: clinical and experimental evidence. CNS Neurol Disord Drug
Targets. 2015;14:1244–54.

19. Ministry of Health, Labour and Welfare. Physical activity standard for the
making of health 2013. https://www.mhlw.go.jp/stf/houdou/2r9852000002
xple.html. Accessed 6 Oct 2018.

20. Flegal KM, Troiano RP, Pamuk ER, et al. The influence of smoking cessation
on the prevalence of overweight in the United States. N Engl J Med. 1995;
333:1165–70.

21. Ogasawara K, Mashiba S, Wada Y, et al. A serum amyloid A and LDL
complex as a new prognostic marker in stable coronary artery disease.
Atherosclerosis. 2004;174:349–56. 22.

22. Filozof C, Fernández Pinilla MC, Fernández-Cruz A. Smoking cessation and
weight gain. Obes Rev. 2004;5:95–103 27.

23. Mizoue T, Ueda R, Tokui N, et al. Body mass decrease after initial gain
following smoking cessation. Int J Epidemiol. 1998;27:984–8.

24. Yeh HC, Duncan BB, Schmidt MI, et al. Smoking, smoking cessation, 30 and
risk for type 2 diabetes mellitus: a cohort study. Ann Intern Med. 2010;152:
10–7 (24).

25. Oba S, Noda M, Waki K, et al. Smoking cessation increases short-term risk of
type 2 diabetes irrespective of weight gain. The Japan Public Health Center-
based prospective study. PLoS ONE. 2012;7:e17061.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ozaki et al. Trials          (2019) 20:734 Page 7 of 7

http://www.mhlw.go.jp/toukei/list/37-21.html
http://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=201608009A
http://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=201608009A
https://research-er.jp/projects/view/153065
https://research-er.jp/projects/view/153065
https://doi.org/10.1002/14651858.CD002295.pub4
https://doi.org/10.1002/14651858.CD002295.pub4
https://www.mhlw.go.jp/stf/houdou/2r9852000002xple.html
https://www.mhlw.go.jp/stf/houdou/2r9852000002xple.html

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Smoking is a major health issue in Japan
	Quitting smoking promotes public health
	Smoking cessation aids lack sufficient long-term effectiveness
	Exercise can improve the rate of quitting smoking
	Exercise can inhibit weight gain after quitting smoking

	Study objective
	Methods/design
	Study design
	Sample size
	Participants
	Inclusion criteria
	Exclusion criteria
	Discontinuation criteria
	Ethical considerations
	Study protocol
	Allocation
	Allocation and allocation adjustment factors
	Intervention
	Acquisition of data at the beginning of the study
	Exercise intervention group
	Setting of exercise goals
	Standard therapy (control) group
	Data collected during the study and follow-up periods
	Items observed and studied

	Analysis
	Analysis set
	Items analyzed and analytical methods
	Early termination of this study


	Discussion
	Trial status

	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

