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Abstract: Smoking is the most important modifiable car-
diovascular risk factor causes around approximately one
of every 4 cardiovascular-related deaths worldwide. Car-
diac rehabilitation (CR) is the standard way of manage-
ment of heart diseases after myocardial infraction. This
study aimed to determine the prevalence of cardiovascu-
lar patients’ quit smoking after participation in CR.
PubMed, EMBASE, Web of Science, Scopus, and google
scholar were searched systematically. In total, 18 studies
were analyzed. Results showed that the mean age of smok-
ers’ were 54.80 (52.06, 57.55), and of them 53 % (22%,
83%) quit smoking after participating in CR. Subgroup
analysis showed that among type of CR the most effective
one was the educational along with physical exercise (com-
prehensive CR) cause 99% (98%, 100%) smoking cessa-
tion (SC). Group-based methods with76% (57%, 94%) of
quitters showed to be more effective than individual-
based. It can be concluded that CR has been effective in
terms of smoking cessation. (Curr Probl Cardiol
2021;46:100719.)
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Introduction

T
he prevalence of cardiovascular diseases (CVDs) as the first

cause of death is increasing in both the developed and develop-

ing countries due to the changes in human lifestyles.10 Cigarette

smoking is the most damaging lifestyle related risk factors for CVDs and

causes at least 1 of every 10 deaths from CVD globally.11 Continuing

smoking after cardiac event increase the rate of death12 while quitting

smoking reduce the risk of all-cause mortality substantially.5 smoking

cessation (SC) and participation in CR programs reported to be the most

influential way of interventions in terms of positive impacts on CVD con-

sequences.13 A study showed that the risk of recurrent CVD was reduced

by 40% within 1 year of SC.14

Cardiac rehabilitation (CR) called also as cardiac rehab is a managed

treatment program planned and applied specifically for CVD patients and

consists of 3 phases: phase 1 which begins in hospital by assessing the

patient’s physical ability and motivation to tolerate rehabilitation and

some nonstrenuous exercises in the bed or at the bedside, phase 2 which

is outpatient cardiac rehab and phase 3, postcardiac rehab or mainte-

nance. Phase 2 of CR which is outpatient included exercise program, edu-

cation and psychological intervention usually lasting several weeks or

several months focused on improving dietary and lifestyle habits such as

quitting smoking, preventing weigh gain and reducing the stress and anxi-

ety.15-17 Given that SC and CR program are both effective at reducing

CVD related morbidity and mortality, the association between these 2

and evaluating the efficacy and success of CR in terms of SC is of great

interest that has not been studied so far. The study presented here is a

meta-analysis on the prevalence of CVD patients who quit smoking after

participating in CR and comparison between the prevalence of smoking

quitters and smokers after CR in order to evaluate the successfulness of

CR in terms of smoking cessation.

Material and Methods
In addition to pooling the effect sizes, meta-analysis can also be used

to estimate prevalence and portions.18

This study is a meta-analysis, based on the findings of studies on the

prevalence of CVD smokers participated in CR program, those who

smoke still after participating in CR program and those who quit smoking

after participating in CR program. PubMed, Scopus, Web of Science

(ISI), EMBASE and google scholar were searched systematically with no

date restriction using key words: “cardiac rehabilitations,” “cardiac
2 Curr Probl Cardiol, March 2021
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rehabilitation,” “smoking,” “tobacco,” “cigarette,” “cessation,” “smoking

cessation,” “tobacco cessation,” “cigarette cessation.” Only English stud-

ies were considered. The PICO was smoking individuals with cardiovas-

cular disease participated in CR program, CR with SC program, quitting

smoking followed by CR or continuing smoking followed by CR/ number

of CVD smokers quit smoking after CR.

All references were uploaded in reference management EndNote soft-

ware and then analysed for de-duplication, screening and data extraction.

The full text of the articles was made available and the full text of each

article was read. The review, conferences, and abstracts were excluded

from the list of articles. The search, data extraction, and quality assess-

ment were completed independently by 2 reviewers (GS and AA). Any

discrepancies between the 2 reviewers were resolved through a discussion

until a consensus was reached. Figure 1 shows the summary of overall

steps in our meta-analysis.
Criteria for Considering Studies for This Review

Types of Studies. Randomized controlled trials (RCTs) and observa-

tional studies (cohort or case-control) were eligible for inclusion. System-

atic reviews and meta-analyses were studied as a source of additional

references.

Types of Participants. The study population includes adults CVD

smoker patients with myocardial infarction (MI), angina, or who had

undergone revascularization (coronary artery bypass grafting, percutane-

ous transluminal coronary angioplasty, or coronary artery stent), or heart

failure who have taken part in cardiac rehabilitation.

Types of Interventions. Any type of CR (home-based, exercise-based,

education-based, comprehensive, and etc.) with SC program is consid-

ered in our study.

Types of Outcome Measures. The prevalence of smoking quitters after

participation in cardiac rehabilitation, the prevalence of smoking quitters

after CR in terms of type of CR, geographical region, being group or indi-

vidual and the CR/follow-up duration

Statistical Method. Eighteen studies reported the number of CVD

patients who participated in CR and those quit smoking or continued
Curr Probl Cardiol, March 2021 3



Articles included for data 

extraction 

(n = 18)

Records screened on title and 

abstract 

(n = 123)

Full-text articles assessed 

for eligibility 

(n = 39)

Records excluded due to the 

incompleteness of required 

data

(n = 10)

[1], [2], [3], [4], [2], [5], [6, 

7],[8, 9], 

Records excluded due to the 

lack of relevance to the topic 

(n = 11)

Records identified through database 

searching of the keywords 

(n = 513)

Records after duplicates removed 

(n = 296)
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FIG 1. Flow chart shows literature search and selection of studies for CR and SC.
smoking after participating in CR program. The overall proportion of

smoking and quitter individuals after CR was estimated by the random-

effects model.19 I2 statistic was used to evaluate the heterogeneity of stud-

ies and subgroup analysis based on CR duration/follow-up duration, type

of CR and geographical area (continent) to diagnose the source of the het-

erogeneity. Publication bias was evaluated by Begg and Egger’s test and

the trim and fill method used for confirmation.20, 21 All statistical analyses

were performed using Stata version 14.

Quality Assessment. To evaluate the quality of the studies, the Newcastle-
Ottawa Scale (NOS) was used for 11 studies that were observational and risk

of bias table was used for 2 RCTs. Using the NOS method, all studies were
4 Curr Probl Cardiol, March 2021



TABLE 1. Characteristics of studies included in this meta-analysis

Study ID Year Country Study

type

Type of CR Age CR duration /

follow-up

Sex Smoking

before

CR

Smokers

after

CR

Quitter

after

CR

Score Criteria for

considering as a

smoker

Bakker
et al.

2015 Nether-
lands

Cross
sectional
study

Out-patients CR/
physical CR

56 2-4 W 69%
male

149 46 103 8 Smoked in past
two years,
mean of 20
cigarettes/day

bertelsen
et al

2016 Den-
mark

RCT Hospital-based
CR (H-CR)

80 > 4-5 M 71%
male

39 17 22 9 Daily smoking

bertelsen
et al

2016 Den-
mark

RCT Shared Care CR
(SC-CR)

80 > 4-5 M 79%
male

44 20 22 Daily smoking

Dawood
et al

2008 USA Cohort Face to face/
phone
interview

54 6 M 69%
male

639 342 297 8 mean of 10- 25
cigarettes/day

Friedman
et al

1997 USA retrospective
observational

Home exercise/
SCP

53 8.2§1.1 M 80%
male

16 6 10 7 nicotine levels
urinalysis

Friedman
et al

1997 USA retrospective
observational

Home exercise /
SCP

56 8.2§1.1 M 65%
male

3 1 2 nicotine levels
urinalysis

Goettler
et al

2020 Germany Cohort /subset
of Europe survey

Face to face/
phone
interview

60 6-36 M
(3.5 y)

most
male

104 39 65 9 Self-reported or
breath CO>10
ppm

Harbman 2014 Canada Cohort Consoling, nurse
practitioner

58 3 M 83%
male

12 5 7 8

Keskin
et al

2018 Turkey cross sectional
study

Out-patients CR 55.1 6 M 87%
male

21 15 6 8 Having history of
smoking in the
time of index
coronary
intervention

(continued on next page)
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TABLE 1. (continued)

Study ID Year Country Study

type

Type of CR Age CR duration /

follow-up

Sex Smoking

before

CR

Smokers

after

CR

Quitter

after

CR

Score Criteria for

considering as a

smoker

Kotseva
et al

2012 Europe cross
sectional study

Exercise based
CR

63.7 1.4 year 74.7%
male

903 527 376 9 Smoking one
month before
IE

Kubilius
et al

2012 Lithuania observational/
questionnaires

Comprehensive
rehabilitation

57.7 6 M 10 0 10 9 mean of 10- 14
cigarettes/day

Lindsay
et al

2003 UK retrospective
observational

57.9 16.4 M 69%
male

14 14 0 9 Questionnaire/
self-reported

Riley
et al

2018 USA 57 4-8 W 73%
male

81 53 38 8 Self-reported/
mean of 17
cigarettes/day

Sochor
et al

2015 USA retrospective
observational/
cohort

Nicotine
replacement
therapy/
smoking free
places

12 M 84 57 27 8

Sochor
et al

2015 USA retrospective
observational/
cohort

Nicotine
replacement
therapy/
smoking free
places

12 M 251 150 101

Sochor
et al

2015 USA retrospective
observational/
cohort

Nicotine
replacement
therapy/
smoking free
places

12 M 78 44 34

(continued on next page)
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TABLE 1. (continued)

Study ID Year Country Study

type

Type of CR Age CR duration /

follow-up

Sex Smoking

before

CR

Smokers

after

CR

Quitter

after

CR

Score Criteria for

considering as a

smoker

Prabha-
karan
et al

2020 India prospective
randomized
open blinded
endpoint

Yoga-based CR 53.4 12 W 86.2% male 610 161 449 9 Self-reported

Prabha-
karan
et al

2020 India prospective
randomized
open blinded
endpoint

Enhanced
standard CR

53.4 12 W 85.9% male 592 147 445 Self-reported
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Overall  (I-squared = 0.0%, p = 1.000)

Dawood et al

Prabhakaran et al

Keskin et al

Goettler et al

Sochor et al

Bakker et al

Sochor et al

Sochor et al

ID

Kubilius et al

Riley et al

Lindsay et al

Prabhakaran et al

Harbman et al

Kotseva et al

Friedman et al

Friedman et al

study

2008

2020

2018

2020

2015

2015

2015

2015

Year

2012

2018

2003

2020

2014

2012

1997

1997

54.80 (52.06, 57.55)

54.00 (34.40, 73.60)

53.40 (32.23, 74.57)

55.10 (35.70, 74.50)

60.00 (42.36, 77.64)

55.80 (34.83, 76.77)

56.00 (37.58, 74.42)

55.80 (34.83, 76.77)

55.80 (34.83, 76.77)

Mean (95% CI)

57.50 (36.53, 78.47)

57.00 (37.40, 76.60)

57.90 (44.57, 71.23)

53.40 (31.84, 74.96)

58.00 (38.66, 77.34)

63.70 (44.88, 82.52)

56.00 (50.12, 61.88)

53.00 (49.08, 56.92)

100.00

1.96

1.68

2.00

2.42

1.71

2.22

1.71

1.71

Weight

1.71

1.96

4.24

1.62

2.01

2.13

21.81

49.07

%

54.80 (52.06, 57.55)

54.00 (34.40, 73.60)

53.40 (32.23, 74.57)

55.10 (35.70, 74.50)

60.00 (42.36, 77.64)

55.80 (34.83, 76.77)

56.00 (37.58, 74.42)

55.80 (34.83, 76.77)

55.80 (34.83, 76.77)

Mean (95% CI)

57.50 (36.53, 78.47)

57.00 (37.40, 76.60)

57.90 (44.57, 71.23)

53.40 (31.84, 74.96)

58.00 (38.66, 77.34)

63.70 (44.88, 82.52)

56.00 (50.12, 61.88)

53.00 (49.08, 56.92)

100.00

1.96

1.68

2.00

2.42

1.71

2.22

1.71

1.71

Weight

1.71

1.96

4.24

1.62

2.01

2.13

21.81

49.07

%

0-82.5 0 82.5

FIG 2. Forrest plot of mean age of CVD smokers participating in CR program.
scored between 7 and 9, which indicates that all the included studies were

high quality.22 We evaluated bias of 2 RCTs such as selection bias, perfor-

mance bias and etc. by Cochrane Collaboration’s tool showed that the stud-

ies were out of bias.23
Results
Of 39 eligible found studies 11 were excluded due to the lack of rele-

vancy to our topic and 10 were excluded due to the lack of sufficient

data.1�9 The basic characteristics of all included studies summarized in

Table 1. The results of the meta-analysis on 18 studies with mean age of

54.80 (52.06, 57.55) (Fig 2) showed that performing the CR method on

smokers caused 53 % (22%, 83%) of these people to quit smoking. How-

ever, 47% (16%, 77%) of these people continued smoking after CR24-36

(Figs 3 and 4). Three studies reported 2 sets of different results24,27,36 and

one study reported 3 different sets of results.33

Subgroup analysis showed that among CR methods applied the most

effective method was the educational along with physical exercise (compre-

hensive CR), so that the results of combining 7 studies that used both of

these methods showed that 99% (98%, 100%) of people quit smoking after
8 Curr Probl Cardiol, March 2021



Overall  (I^2 = 99.97%, p = 0.00)

Riley et al

Prabhakaran et al

Prabhakaran et al

study

Harbman et al

Sochor et al

Sochor et al

Sochor et al

bertelsen et al

Keskin et al

Kubilius et al

Kotseva et al

Friedman et al

Goettler et al

Dawood et al

Friedman et al

bertelsen et al

Lindsay et al

ID

Bakker et al

2018

2020

2020

2014

2015

2015

2015

2016

2018

2012

2012

1997

2020

2008

1997

2016

2003

Year

2015

38/81

445/592

449/610

of quitters

/Total number

7/12

34/78

101/251

27/84

22/39

6/21

10/10

376/903

2/3

65/104

297/639

10/16

22/44

0/14

of smokers

103/149

Number

0.53 (0.22, 0.83)

0.47 (0.36, 0.58)

0.75 (0.72, 0.78)

0.74 (0.70, 0.77)

0.58 (0.32, 0.81)

0.44 (0.33, 0.55)

0.40 (0.34, 0.46)

0.32 (0.23, 0.43)

0.56 (0.41, 0.71)

0.29 (0.14, 0.50)

1.00 (0.72, 1.00)

0.42 (0.38, 0.45)

0.67 (0.21, 0.94)

0.63 (0.53, 0.71)

0.46 (0.43, 0.50)

0.63 (0.39, 0.82)

0.50 (0.36, 0.64)

0.00 (0.00, 0.22)

ES (95% CI)

0.69 (0.61, 0.76)

100.00

5.61

5.65

5.65

%

5.40

5.61

5.64

5.62

5.57

5.53

5.65

5.65

4.82

5.62

5.65

5.47

5.58

5.65

Weight

5.63

0.53 (0.22, 0.83)

0.47 (0.36, 0.58)

0.75 (0.72, 0.78)

0.74 (0.70, 0.77)

0.58 (0.32, 0.81)

0.44 (0.33, 0.55)

0.40 (0.34, 0.46)

0.32 (0.23, 0.43)

0.56 (0.41, 0.71)

0.29 (0.14, 0.50)

1.00 (0.72, 1.00)

0.42 (0.38, 0.45)

0.67 (0.21, 0.94)

0.63 (0.53, 0.71)

0.46 (0.43, 0.50)

0.63 (0.39, 0.82)

0.50 (0.36, 0.64)

0.00 (0.00, 0.22)

ES (95% CI)

0.69 (0.61, 0.76)

100.00

5.61

5.65

5.65

%

5.40

5.61

5.64

5.62

5.57

5.53

5.65

5.65

4.82

5.62

5.65

5.47

5.58

5.65

Weight

5.63

-.5 0 .5 1 1.5

FIG 3. Forrest plot of prevalence of CVD patients quit smoking after participating in CR pro-
gram.
using this method (Fig 5). Group-based CR showed to be more effective than

individual-based CR 76% (57%, 94%) vs 49% (42%, 56%) (Fig 6).

In term of geographical regions the proportion of people who quit

smoking after the CR participation was higher respectively in Asia 67%

(57%, 77%), Europe 54% (3%, 105%), and finally America 44% (39%,

49%) (Fig 7). Also, the proportion of people who quit smoking was

higher in studies with duration of less than 6 months 57% (32%, 82%)

(Fig 8). Eger test was not significant for checking publication bias (p =

0.581). Summary of the results for smoking quitters and SC is presented

in Table 2.
Discussion
To the best of our knowledge this study is the first meta-analysis on the

prevalence of CVD smokers who quit smoking followed by participation

in CR programs and how effective can CR be in terms of smoking

cessation.
Curr Probl Cardiol, March 2021 9



Overall  (I^2 = 99.97%, p = 0.00)

Sochor et al

Kubilius et al

Friedman et al

study

Goettler et al

Sochor et al

bertelsen et al

Sochor et al

ID

bertelsen et al

Prabhakaran et al

Riley et al

Harbman et al

Keskin et al

Friedman et al

Dawood et al

Kotseva et al

Lindsay et al

Bakker et al

Prabhakaran et al

2015

2012

1997

2020

2015

2016

2015

Year

2016

2020

2018

2014

2018

1997

2008

2012

2003

2015

2020

44/78

0/10

1/3

after /Total

39/104

150/251

17/39

57/84

number of smokers

Number of smoker

20/44

147/592

43/81

5/12

15/21

6/16

342/639

529/903

14/14

46/149

161/610

0.47 (0.16, 0.77)

0.56 (0.45, 0.67)

0.00 (0.00, 0.28)

0.33 (0.06, 0.79)

0.38 (0.29, 0.47)

0.60 (0.54, 0.66)

0.44 (0.29, 0.59)

0.68 (0.57, 0.77)

ES (95% CI)

0.45 (0.32, 0.60)

0.25 (0.22, 0.28)

0.53 (0.42, 0.64)

0.42 (0.19, 0.68)

0.71 (0.50, 0.86)

0.38 (0.18, 0.61)

0.54 (0.50, 0.57)

0.59 (0.55, 0.62)

1.00 (0.78, 1.00)

0.31 (0.24, 0.39)

0.26 (0.23, 0.30)

100.00

5.61

5.65

4.82

%

5.62

5.64

5.57

5.62

Weight

5.58

5.65

5.61

5.40

5.53

5.47

5.65

5.65

5.65

5.63

5.65

0.47 (0.16, 0.77)

0.56 (0.45, 0.67)

0.00 (0.00, 0.28)

0.33 (0.06, 0.79)

0.38 (0.29, 0.47)

0.60 (0.54, 0.66)

0.44 (0.29, 0.59)

0.68 (0.57, 0.77)

ES (95% CI)

0.45 (0.32, 0.60)

0.25 (0.22, 0.28)

0.53 (0.42, 0.64)

0.42 (0.19, 0.68)

0.71 (0.50, 0.86)

0.38 (0.18, 0.61)

0.54 (0.50, 0.57)

0.59 (0.55, 0.62)

1.00 (0.78, 1.00)

0.31 (0.24, 0.39)

0.26 (0.23, 0.30)

100.00

5.61

5.65

4.82

%

5.62

5.64

5.57

5.62

Weight

5.58

5.65

5.61

5.40

5.53

5.47

5.65

5.65

5.65

5.63

5.65

-.5 0 .5 1 1.5

FIG 4. Forrest plot of prevalence of CVD patients continued smoking after participating in CR
program.
CR is used in order to prevent CVD recurrence and improve the quality of

life while decreasing the CVD related all-cause mortality. CR programs have

been shown to enhance exercise tolerance and functional capacity, as well as

adjusting the lipid levels, blood pressure, smoking habits, symptoms of angina

and dyspnea, and psychosocial functioning.17,37-39 A 14-year follow-up study

showed that not participating in CR is associated with higher CVD related

mortality.40 SC also reduce the CVD-related mortality rate like CR pro-

grams,41 however, a study on predictors of not refereeing to CR showed that

current smoking is of the main predictors for not attending or referring to

CR,8 and therefore, the association between cardiac rehab programs and SC

is not still clear.

Based on the results of 18 studies (12 articles) collected and analysed

in our meta-analysis more than half of CVD smoking patient (53%) quit

smoking after participating in CR program which indicates that the CR

has been effective in terms of smoking cessation. According to a recent

analysis 58% of the beneficial effects of CR were attributable to changes

in cardiovascular risk factors and approximately half of the 28% reduc-

tion in CVD-related mortality may be attributed to reductions in major

risk factors, particularly smoking.42 In consistent to their study our results
10 Curr Probl Cardiol, March 2021



Physical exercise
Kotseva et al
Bakker et al
Prabhakaran et al
Subtotal  (I^2 = .%, p = .)

Exercise+education
Friedman et al
Friedman et al
Kubilius et al
Harbman et al
bertelsen et al
bertelsen et al
Prabhakaran et al
Subtotal  (I^2 = 0.00%, p = .)

Face to face interview/phone follow-up
Dawood et al
Keskin et al
Riley et al
Goettler et al
Subtotal  (I^2 = 0.00%, p = .)

Nicotine replacement
Sochor et al
Sochor et al
Sochor et al
Subtotal  (I^2 = .%, p = .)

ID
study

2012
2015
2020

1997
1997
2012
2014
2016
2016
2020

2008
2018
2018
2020

2015
2015
2015

Year

376/903
103/149
449/610

10/16
2/3
10/10
7/12
22/39
22/44
445/592

297/639
6/21
38/81
65/104

27/84
101/251
34/78

of smokers
/Total number
of quitters
Number

0.42 (0.38, 0.45)
0.69 (0.61, 0.76)
0.74 (0.70, 0.77)
0.57 (0.55, 0.60)

0.63 (0.39, 0.82)
0.67 (0.21, 0.94)
1.00 (0.72, 1.00)
0.58 (0.32, 0.81)
0.56 (0.41, 0.71)
0.50 (0.36, 0.64)
0.75 (0.72, 0.78)
0.99 (0.98, 1.00)

0.46 (0.43, 0.50)
0.29 (0.14, 0.50)
0.47 (0.36, 0.58)
0.63 (0.53, 0.71)
0.48 (0.45, 0.51)

0.32 (0.23, 0.43)
0.40 (0.34, 0.46)
0.44 (0.33, 0.55)
0.39 (0.34, 0.44)

ES (95% CI)

49.19
9.24
41.57
100.00

0.07
0.01
96.49
0.05
0.15
0.17
3.06
100.00

74.66
2.99
9.45
12.90
100.00

22.06
59.78
18.17
100.00
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FIG 5. Forrest plot of prevalence of CVD smoking quitters after CR based on type of CR.
also showed that CR is effective in terms of SC and cause more than half

of CVD smokers to quit.

Results of our meta-analysis showed that comprehensive cardiac rehab

intervention (exercise +education + SC program) leads to higher rate of

SC compared to nicotine replacement therapy/use of smoking free places

and other CR programs that based only on physical activity or face to

face interview/phone follow-up.24,27,31 A review study showed that nico-

tine replacement therapy (gum, transdermal patch, nasal spray, inhalator,

and sublingual tablets/lozenges) can effectively help with smoking quit-

ting and increase the rate of quitting by 50%-60%,43 however our meta-

analysis proved that nicotine replacement therapy was less effective in

terms of SC compared to other methods specially the comprehensive

method. According to the results of study by30 in Turkey where compre-

hensive CR with special SC program is not available and only out-patient
Curr Probl Cardiol, March 2021 11
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FIG 6. Forrest plot of prevalence of CVD smoking quitters after CR based on group-based/indi-
vidual-based CR.
CR is the choice patients were not completely interested in participating

out-patient CR.

Based on subgroup analysis in terms of follow-up/CR duration, pro-

longed CR periods as well as follow-ups have not helped to improve the

results and statistics of those who quit smoking. This is consistent with

evidence that short-term secondary prevention programmes can be more

effective in improving CVD risk factors.29,44 Unfortunately, although

most of CVD patients showed great interest in SCand considering the

fact that SC is the uniqe best way to change their lifestyle after MI, how-

ever, still up to 60% of smoker patients relapse to smoking within 1 year

of hospitalization.45 Another study mentioned that within 1 year after SC,

around 80% of quitters resumed smoking.30 It is obvious that as time

goes on, patients become more interested in returning to smoking.

Subgroup analysis showed that when smokers participate in group-

based CR and SC programs achieve much better results compared when

they have participated individual-based programs and the rate of SC is

almost doubled. This is consistent with previous studies which reported
12 Curr Probl Cardiol, March 2021
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FIG 7. Forrest plot of prevalence of CVD smoking quitters after CR based on geographical
region.
that group-based CR caused better results in terms of quality of life and

patients’ functional capacity.46

In terms of geographical regions, Asia showed the best results but this

might be due to the study by36 since as mentioned above, group-based

CR has much better results. Due to the small number of studies in Asia

continent, it was not possible to delete this article for sensitivity analysis,

and more studies are needed to be more decisive for conclusion. Previous

studies reported that the social, economic, and cultural conditions affect

the smoking epidemic diversity among different regions and countries

while the most population in terms of gender are men in all regions of the

world and women in industrialized countries specially north America.47

Although most of CVD smokers were men worldwide, however, CR

enrolment rates for men and women, once referred, are similar for both.8

Totally 47% of CVD smokers in our study persist to smoke even after

participating in CR programs. In a study by30 most of the persistent smok-

ers were low educated, being employed and almost young. The fact that
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FIG 8. Forrest plot of prevalence of CVD smoking quitters after CR based on CR/follow-up dura-
tion.
most smokers belong to a younger age groups has been seen and reported

in other studies as well.9,48 In another study, age and sex found to be not

associated with SC however the successfulness of SC only found to be

directly associated with attendance in cardiac rehab programs28,26 also

reported that referral to CR is significantly associated with increased risk

of SC. In study by25 persistent smokers showed lower self-efficacy. They

also showed less intention to permanently quit smoking based on special

questionnaire. Study by27 showed that the rate of SC was almost same

between different economic classes. A study in Denmark reported that

although CR is financed from taxes and is free of charge; however, atten-

dance and participating in CR programs is not higher than in other coun-

tries.24 In study by34 most participants in CR were from low-income

groups. Having first-time MI reported as one of the factors prevented

patients in participating CR program and also avoid to quit smoking.38

Male sex also may be a characteristic of not quitting smoking during/after

CR.9 Some studies have shown that average body mass index increases
14 Curr Probl Cardiol, March 2021



TABLE 2. Summary of results

Outcomes NO. of studies Proportion (%) (95%CI) I2 (%)

Smoking after 18 0.47 (0.16, 0.77) 99.97
Quitter 18 0.53 (0.22, 0.83) 99.97
Type of PC
Physical exercise 3 0.57 (0.55, 0.60) 0
Face to face interview/phone follow-up 4 0.48 (0.45, 0.51) 0
Physical exercise + Education 7 0.99 (0.98, 1) 0
Nicotine replacement therapy 3 0.39 (0.33, 0.45) 0
Group/individual
Individual-based 12 0.49 (0.42, 0.55) 85.45
Group-based 4 0.76 (0.57, 0.94) 99.30
Continent
Europe 7 0.54 (0.03, 1.05) 99.99
America 8 0.44 (0.39, 0.49) 45.21
Asia 3 0.67 (0.57, 0.77) 0
Duration
� 6 mouth 8 0.57 (0.32, 0.82) 99.29
> 6 mouth 10 0.49 (0.22, 0.76) 99.79
after SC especially in the initial 10 years49 and it is the most cited poten-

tial reason why women smokers resist to quit smoking.50 Ideally hospitals

would provide an intensive SC program that forced the primary absti-

nence and these programs should then be continued in following months

after discharge and would help bridge the transition of returning home

and promote maintained cessation.
Conclusion
The results of the current meta-analysis showed that CR is effective in

terms of smokin cessation specially the comprehensive cardiac rehab which

consists of education and excersice together. Group-based cardiac rehab pro-

grams also showed to be more effective compare to individual-based pro-

grams. Based on follow-up duration time it can be concluded that as time goes

on, smokers relapse to smoking. In term of geographical regions. Asia showed

better results than United States and Europe, however, due to the low number

of articles in Asia more studies is needed for more confident conclusion.
Ethical Standards
This article does not contain any studies with human participants per-

formed by any of the authors.
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30. Keskin K, Sezai Yildiz S, Çetinkal G, Çetin S, Sigirci S, Kilci H, et al. Persistent

smoking rate after coronary revascularization and factors related to smoking cessation

in Turkey. Journal of public health (Oxford, England) 2018;40(4):806–12.
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