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ABSTRACT
Coronary artery bypass grafting surgery (CABG) is an important approach to treating coronary heart disease. How-
ever, patients undergoing open heart surgery are at risk of  postoperative complications. Cigarette smoking is one 
of  the preoperative risk factors that may increase postoperative complications. Studies show that early mobilization 
intervention may reduce these complications and improve functional capacity, but the impact of  smoking on ear-
ly outcomes after CABG has been controversial for the past two decades. This quasi-experimental study explored 
the effects of  early mobilization on functional capacity among patients with different smoking histories undergoing 
CABG. The study involved 51 participants who underwent CABG surgery, divided into three groups: current smok-
ers, former smokers, and non-smokers (n=17 each). A day before surgery, all groups underwent a six-minute walking 
test (6MWT). Every participant received the same intervention after surgery, including deep breathing exercises, an 
upper limb range of  motion assessment, an incentive spirometer, and walking with and without assistance. Five days 
postoperatively, all outcomes - including the 6MWT, length of  stay (LOS) in the ICU, and postoperative pulmonary 
complications - were assessed, and the 6MWT was repeated. There was a reduced functional capacity after CABG 
in ex-smokers (215.8±102 m) and current smokers (272.7±97m) compared to non-smokers (298.5±97.1m) in terms 
of  6MWT (p<0.05). Current smokers were more likely to have atelectasis after CABG than ex-smokers (76.5% vs. 
52.9%), with non-smokers being the least likely to have atelectasis among the three groups (29.4%, p<0.05). Addi-
tionally, current smokers required longer ventilator support post-CABG (11.9±7.3 hours) compared to ex-smokers 
(8.3±4.3 hours) and non-smokers (7±2.5 hours, p<0.01). Smoking status significantly impacts functional capacity 
reduction after CABG, with current smokers being more susceptible to prolonged ventilator use and atelectasis.
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INTRODUCTION

Coronary artery disease (CAD) accounts for more than 375,47 
deaths in the United States (US) alone [1]. In 2004, a communi-
ty-based study published in Saudi Arabia found that the gener-
al prevalence of  CAD was 5.5% [2]. Another pilot study found 
that 32% of  the population were diagnosed with ischemic heart 
disease. The same study also reported the most prevalent risk fac-
tors for CAD, which included obesity (49.6%), diabetes (25.1%), 
hypertension (30.3%), persistent smoking (12.2%), and hyperlip-
idemia (32.1%) [3]. However, this percentage is quite lower than 
what the American Heart Association (AHA) reported between 

2011 and 2012 when they claimed that 9.4% of  US adults had 
a 10-year predicted risk of  cardiovascular disease (CVD) [4]. 
Furthermore, CAD is considered the most common underlying 
pathophysiology for heart failure (HF) within industrialized na-
tions [5]. 

Coronary artery bypass grafting surgery (CABG) is considered 
an important approach for treating coronary heart disease. After 
open heart surgery, patients are at risk of  postoperative compli-
cations, such as death and wound complications [6-8]. For the 
past decade, the focus on preventing these complications by im-
proving surgical techniques has remarkably decreased mortality 
rates [9], although they remain elevated compared to other types 
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of  surgery [10]. Numerous preoperative risk factors may increase 
the chances of  postoperative complications, including gender, 
age, diabetes, metabolic syndrome, hypertension, renal failure, 
poor left ventricular ejection fraction (EF), previous CABG, the 
extent of  CAD, a recent myocardial infarction, urgent operation, 
and smoking [11-19]. 

Tobacco smoking is considered one of  the leading global caus-
es of  preventable mortality and morbidity [20]. It is a pre-expos-
ing factor that increases the risk of  peripheral vascular disease, 
CAD, and chronic obstructive pulmonary disease (COPD) [21-
23]. In addition, the prevalence of  persistent smoking in Saudi 
Arabia ranges from 2.4% to 52.3%, depending on age and sex, 
based on an article reviewed and published in 2009 [24]. In 2013, 
a survey of  10,735 participants revealed that the prevalence of  
current smokers was 12.2%, and daily shisha smokers accounted 
for 4.3% of  the population. In the same report, daily smokers 
of  both cigarettes and shisha comprised 1.4% of  smokers [25]. 
The percentage is comparable with a report published by AHA 
in 2015 that found rates of  adult tobacco consumption estimat-
ed at 15.2% [26]. However, smoking cessation is well-associated 
with significantly improved health outcomes [27]. The impact 
of  smoking on early outcomes after CABG has remained con-
troversial over the past two decades; some articles have recom-
mended that CABG be avoided amongst persisting smokers due 
to an increased risk of  post-surgical mortality and complications, 
as well as vein graft early failure that may lead to early re-oper-
ation [28-30]. Nevertheless, there has been recent evidence that 
smoking may not be positively related to early outcomes after 
CABG [31-33].

To date, there has been no published article discussing the re-
lationship between smoking and postoperative exercise capacity, 
although one article discussed the association between smoking 
and normal exercise capacity [34]. The average 6MWT score in 
the non-smokers group was higher than the active smokers (nev-
er-smokers: 554.5m (516.5–606.0m) vs. active smokers: 515.5m 
(477.0–570.0m), p=0.004. Despite the decrease in functional ca-
pacity in smokers compared to non-smokers [34], there is no ver-
ified link between smoking and early mobilization after CABG. 
It is expected that smoking may decrease the functional capacity 
of  patients with CAD.

The effect of  smoking on postoperative pulmonary compli-
cations (PPCs) has been addressed in a few articles. One seri-
ous set of  complications patients face is pulmonary complica-
tions resulting from the disruption of  normal ventilation [35]. 
Pulmonary complications vary and may include pneumonia or 
atelectasis [36]. The effects and outcomes of  PPCs also differ, 
from increased financial costs and prolonged stay in hospital to 
increased major morbidity and mortality [37-40]. An Australian 
study investigating pneumonia and prolonged ventilation (for 
more than 24 hours) found that smokers were two times more 
likely to be diagnosed with pneumonia after CABG compared 
to quitters and non-smokers (odds ratio (OR)=2.05, 95% confi-
dence interval (CI), p<.001) [41]. On the other hand, prolonged 
ventilation showed a weak association with smoking (OR=1.19, 
95% CI, p=.044). Research has shown that early mobilization 
interventions, involving the prompt mobilization of  patients and 
encouraging them to move as soon as possible after surgery, may 
reduce postoperative complications and improve functional ca-
pacity, which refers to the individual's ability to perform activities 
of  daily living such as walking [7, 42-44]. A study compared an 
early mobilization intervention group with a control group [45]. 

The intervention group showed a lower rate of  pleural, atelecta-
sis, and length of  in-hospital stay.

Furthermore, patients in the control group achieved less dis-
tance in the 6MWT at the time of  discharge (from 343±64 to 
272±52 m) when compared to the intervention group (from 
316±58 to 299±72 m). Santos et al. stated, in their systematic 
review, that any early mobilization program after surgery would 
have a positive effect on postoperative outcomes [46]. The litera-
ture shows the presence of  selection bias, as the studies include all 
ages, different body mass indexes (BMIs), HF, and COPD, which 
are independent risk factors for postoperative complications. In 
our study, we controlled for these factors by establishing well-de-
fined inclusion-exclusion criteria, focusing on smoking status as 
the main factor. Another indication of  bias is the absence of  sim-
ilar research in the Middle East, where lifestyle, culture, and the 
prevalence of  different risk factors vary significantly and where 
other types of  smoking are popular. Therefore, this study aimed 
to explore the effects of  early mobilization on functional capac-
ity in patients who smoke and have undergone coronary artery 
bypass grafting (CABG), comparing outcomes among current 
smokers, former smokers, and never-smokers.

MATERIAL AND METHODS

Study design and setting   

This quasi-experimental study was conducted using data from 
Saud Al-Babtain Cardiac Center, Dammam, Saudi Arabia. 

Sample size calculation 

Based on a pilot study (n=21) showing a significant reduction 
in the 6-minute walk test (6MWT) after CABG surgery across 
different smoking groups, we calculated a minimal sample size 
of  51 patients (17 per group). We assumed a Type I error of  5% 
(α=0.05), an effect size F of  0.58, and a power of  95% (1- β), as 
recommended by previous guidelines [47].

Inclusion and exclusion criteria 

In this study, male patients were exclusively included due to the 
low eligibility rate of  female patients at Saud Al-Babtain Cardiac 
Center. The age range was limited to 35-65 years to minimize 
age-related preoperative risk factors [13, 14]. All participants 
were scheduled for isolated, elective coronary artery bypass graft-
ing (CABG) surgery. We also restricted the BMI criteria between 
20 to less than 30 kg/m2 to reduce the impact of  obesity as a 
preoperative risk factor [48]. Furthermore, eligibility criteria re-
quired hemodynamic stability, as confirmed by a physician based 
on the patient's blood pressure, heart rate, and peripheral perfu-
sion. Patients were excluded from the study if  they had COPD 
and pulmonary hypertension, preoperative HF or EF less than 
30%, any neurological or neuromuscular disorder, the need for 
an intra-aortic balloon pump, undergoing additional procedures 
or operations during Intensive Care Unit (ICU) stay and admis-
sion for emergency surgery.
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Preoperative and postoperative procedures  

The intervention started one day before the surgery, based on 
a study by Hirschhorn et al. [53]. Independent physiotherapists, 
unaware of  the participants’ smoking status, administered the 
intervention. After categorizing patients into current smokers, 
former smokers, or non-smokers, each participant underwent 
the 6MWT under the supervision of  the researcher. This was 
done to establish baseline functional capacity the day before sur-
gery [55]. The test occurred between 1 and 4 pm for all patients, 
ensuring at least one hour of  rest after a meal. They were also 
briefed about the surgery and physical therapy protocols. After 
surgery, patients were transferred to the surgical ICU. Mechan-
ical ventilation time post-surgery was recorded in hours. Once 
patients were extubated from mechanical ventilation, all groups 
underwent the physical therapy intervention conducted by an 
independent physiotherapist, which included walking, strength, 
endurance, and breathing exercises. An education session was 
provided as well.

Atelectasis, mechanical ventilation, and ICU stay   

The presence of  atelectasis was determined by a blinded ICU 
consultant on the first day after extubation. The duration of  post-
surgical mechanical ventilation was recorded in hours by respira-
tory therapists as part of  routine care immediately after extuba-
tion. The LOS in the ICU was determined from the time noted 
by the ICU nurse upon patient admission post-surgery until the 
transfer note written by the nurse in the surgical step-down unit. 
Both the mechanical ventilation time and ICU LOS were metic-
ulously calculated and extracted from each patient's file. 

Six-Minute Walk Test 

The 6MWT was integral for comparing preoperative and 
postoperative functional capacity within and between the three 
patient groups (current smokers, former smokers, and non-smok-
ers). The researcher, WA, conducted both data collection and the 
6MWT. Each measurement of  the 6MWT was performed at the 
same time of  day, at least one hour after the most recent meal. 
Patients were instructed to wear comfortable footwear and per-
form the test without a face mask. Finally, the physical therapy 
team agreed not to give an afternoon session to the participants. 
Patients were also instructed to avoid any strenuous physical ac-
tivity in the hour leading up to the test.  

Safety measures for high-risk cases   

Illiterate subjects were accompanied by a family member or 
another witness. Also, translators (usually from the nursing team) 
were present for participants who did not speak Arabic or En-
glish. No human assistance/support was provided during the 
6MWT tests. The primary physiotherapist and the investigator 
were present to supervise and ensure the corridor was empty and 
clean, with two separate chairs in place. Moreover, subjects with 
disturbed balance had an assistant on either side while walking. 
They were also followed by a wheelchair if  needed. 

Outcome measures  

Six-minute walk test   

The 6MWT was conducted twice for each participant: the 
day before surgery and the fifth postoperative day before hospi-
tal discharge. This approach allowed for comparison both within 
the same group and between different groups. The test was per-
formed in a 100-foot (30.48-meter) corridor following the Ameri-
can Thoracic Society (ATS) guidelines [49]. The researcher (WA) 
instructed the subjects to walk as fast as possible and recorded 
oxygen saturation, heart rate, blood pressure, and the Borg dys-
pnea scale based on the ATS guidelines criteria before and after 
the test. Walking distance was recorded in meters [49, 50]. The 
test is considered valid and reliable to evaluate exercise capacity 
in subjects after cardiac surgery [51].

Postoperative pulmonary complications   

Two PPCs were assessed: atelectasis and prolonged postsurgi-
cal mechanical ventilation because these are the most common 
PPCs reported in previous studies [52, 53]. An independent 
ICU consultant was responsible for the atelectasis diagnosis, as 
defined by radiological and clinical criteria, including symptoms 
and physical examination [54]. This same consultant also made 
decisions regarding postoperative mechanical ventilation, mea-
sured in hours. 

Postoperative length of stay in ICU   

The length of  stay (LOS) in the ICU was calculated from the 
time of  patient admission immediately after surgery until dis-
charge by the ICU team. Discharge criteria included improve-
ment and stabilization of  the patient's physiological status, with 
no further need for critical monitoring or care, no plans for addi-
tional active interventions, stable hemodynamic parameters, and 
satisfactory condition of  wound and catheter sites. 

Patient recruitment and smoking status classification

All patients were recruited by direct referral from the cardiac 
surgery department. After each patient was scheduled for sur-
gery, his file was examined for eligibility. The first 17 in each 
group that met the criteria were recruited. The researcher, WA, 
contacted the patient and asked him to sign a consent form af-
ter providing a participant information sheet and ensure the 
participant understood all information. After that, each patient 
was categorized as a current smoker, ex-smoker, or non-smoker 
[20]. A current smoker was defined as an individual who smoked 
water pipe, cigarette, or e-cigarette within the past month. An 
ex-smoker was defined as someone who abstained from any form 
of  smoking for at least a month before surgery but had a history 
of  smoking. A never-smoker was defined as someone with no his-
tory of  smoking in any form and whose value for the pack-per-
year variable was equal to 0. In addition, participants were asked 
three questions regarding their smoking history:

1.	 How many cigarettes per day have you smoked?
2.	 How many years have you used tobacco?
3.	 Do you smoke cigarettes, e-cigarettes, water pipes, or a 

combination?
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The final study sample comprised 51 male patients. The age 
range of  these participants was 39 to 65 years, with an average 
age of  54.2±7.1 years. Preoperative factors and patient char-
acteristics that showed significant and insignificant differences 
among the three groups are summarized in Table 1. Age and 
type of  diabetes mellitus were the only factors that showed signif-
icant differences among the three groups. 

Current smokers were more likely to be younger than ex-smok-
ers, with non-smokers showing an intermediate pattern between 
the two groups (Table 1). Non-smokers were more likely to have 
type 2 diabetes than ex-smokers (82.4% versus 64.7%), with cur-
rent smokers being the least among the three groups (41.2%, 
p<0.01).

Significant differences were observed among the three groups 
in terms of  postoperative exercise capacity (p<0.05), atelecta-
sis incidence (p<0.05), and the need for mechanical ventilation 
(p<0.01) following CABG surgery, as detailed in Table 2. How-
ever, there were no significant differences in the LOS in the ICU 
among the groups (p>0.05). In what concerns postoperative ex-
ercise capacity, as measured by the 6MWT, non-smokers demon-
strated a higher capacity (298.5±97.1 m) compared to current 
smokers (272.7±97.1 m). Ex-smokers exhibited the lowest exer-
cise capacity among the three groups (215.8±102.8 m, p<0.05).

As shown in Table 3, there were significant differences be-
tween preoperative and postoperative exercise capacity for each 
group (p<0.001), as determined by the 6MWT results. All t sta-
tistic values were negative, meaning that each group had a signif-
icant reduction in their 6MWT distance after CABG. Moreover, 

Statistical analysis 

Statistical analysis was performed using SPSS (IBM Corp. 
Released 2015. IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NY: IBM Corp). The normal distribution of  
the data was tested using the Shapiro-Wilk test. Continuous 
variables were described as mean ± standard deviation and 
were compared between the three groups using the one-way 
ANOVA and Kruskal-Wallis tests based on the satisfaction of  
the normal assumption. On the other hand, categorical variables 
were described as numbers and percentages and were compared 
between the three groups using the chi-square (χ2) test. In 
addition, the paired samples statistic method was used to identify 
the differences between the three groups in 6MWT before and 
after CABG. The effect size of  smoking on each outcome variable 
was quantified by η² (Eta squared). The p-values were considered 
statistically significant when less than 0.05.

RESULTS

The data were collected from June 2020 to February 2021. 
Initially, 68 patients signed the consent forms to be included in 
the study. After that, 10 were excluded because they refused the 
surgery or shifted to medical treatments (n=8), and two for other 
reasons (Figure 1). A flowchart indicating the progression of  pa-
tients through the study period is shown in Figure 1.

Figure 1. Flowchart illustrating the progression of patients throughout the study period
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Table 1. Sociodemographic and clinical variables at admission among the three groups that underwent CABG (n=51)

Variable Non-smokers (n=17) Ex-smokers (n=17) Current smokers (n=17) p-value

Age (mean± SD) 54.6±5.9 57.1±6.5 50.8±7.7 0.032*

Body mass index (BMI) (mean±SD) 28.3±1.3 27.9±2.2 25.9±3.2 0.063

Ejection fraction (mean± SD) 48.7±10.8 47.8±10.3 48±11.7 0.967

Type of procedure

   off-pump 5 (29.4%) 2 (11.8%) 5 (29.4%) 0.375

   on-pump 12 (70.6%) 15 (88.2%) 12 (70.6%)

Smoking type

   cigarette - 16 (94.1%) 13 (76.5%) 0.315

   electronic cigarette - 0 (0%) 0 (0%)

   water pipe (sheesha) - 0 (0%) 3 (17.6%)

   mixed type - 1 (5.9%) 1 (5.9%)

Smoking (packets per year) - 37.8±24.0 52.8±30.1 0.118

Diabetes mellitus

   None 3 (17.6%) 0 (0%) 7 (41.2%) 0.003**

   Type 1 0 (0%) 6 (35.3%) 3 (17.6%)

   Type 2 14 (82.4%) 11 (64.7%) 7 (41.2%)

Preoperative hypertension

   Absent 6 (35.3%) 4 (23.5%) 6 (35.3%) 0.695

   Present 11 (64.7%) 13 (76.5%) 11 (64.7%)

Number of grafts (mean± SD) 3.2±0.9 3.3±0.8 3.18±0.8 0.490

Hypercholesterolemia

   No 4 (23.5%) 4 (23.5%) 9 (52.9%) 0.110

   Yes 13 (76.5%) 13 (76.5%) 8 (47.1%)

Renal failure

   No 16 (94.1%) 17 (100%) 17 (100%) 0.361

   Yes 1 (5.9%) 0 (0%) 0 (0%)

Recent MI 

   No 16 (94.1%) 17 (100%) 16 (94.1%) 0.594

   Yes 1 (5.9%) 0 (0%) 1 (5.9%)

Peripheral vascular disease

   No 17 (100%) 16 (94.1%) 17 (100%) 0.361

   Yes 0 (0%) 1 (5.9%) 0 (0%)

History of congestive HF 

   No 17 (100%) 17 (100%) 17 (100%) -

   Yes 0 (0%) 0 (0%) 0 (0%)

Unstable angina

   No 17 (100%) 16 (94.1%) 15 (88.2%) 0.346

   Yes 0 (0%) 1 (5.9%) 2 (11.8%)
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Variable Non-smokers (n=17) Ex-smokers (n=17) Current smokers (n=17) p-value

LMS>50%

   No 16 (94.1%) 17 (100%) 13 (76.5%) 0.056

   Yes 1 (5.9%) 0 (0%) 4 (23.5%)

Lung disease

   No 16 (94.1%) 17 (100%) 16 (94.1%) 0.594

   Yes 1 (5.9%) 0 (0%) 1 (5.9%)

Preoperative 6MWT (mean±SD) 406.7±90.2 349.9±99.9 389.3±70.8 0.166

**Statistically significant (p<0.01); *Statistically significant (p<0.05)
MI: myocardial infarction; HF: heart failure; LMS: left main coronary artery stenosis; 6MWT: six-minute walking test (meters)  

Table 1. Continued. Sociodemographic and clinical variables at admission among the three groups that underwent CABG (n=51)

sis, which might support our results. Another retrospective study 
that analyzed patients undergoing renal transplantation surgery 
found a correlation between atelectasis and smoking [41]. In ad-
dition, they detected a positive and strong correlation between 
atelectasis and pack per year, which also aligns with our results.

Another key outcome we examined was the necessity for me-
chanical ventilation post-CABG. Ji et al. found that smokers had 
a longer duration of  mechanical ventilation, with a mean venti-
lation time of  9.9±2.7 h compared to former smokers (9.5±2.3 
h) and non-smokers (9.4±2.4 h) [57]. This observation is in line 
with our results. Moreover, other studies have identified a link 
between PPCs and 6MWT performance after elective abdominal 
or thoracic onco-surgery and pulmonary surgeries [59, 60]. This 
may help explain why both current and ex-smokers in our study 
showed poorer outcomes compared to non-smokers.

In this study, we found no association between smoking status 
and LOS in the ICU, a finding consistent with other research 
[57, 61]. However, Saxena et al. reported a significant differ-
ence in ICU LOS post-procedure among current smokers, for-
mer smokers, and non-smokers (49.10±125.61 h, 43.35±71.67 
h, and 42.42±125.61 h, respectively, p=.003) [41]. Atoui et al. 
identified several pre-operative risk factors linked to prolonged 
ICU stay following cardiac operations, including an EF below 
40%, renal failure, older age, female gender, high Parsonnet 
scale scores, and emergency surgeries [62]. Contrarily, a study 
reported that patients under an early extubation protocol within 
six hours post-surgery experienced longer ICU stays [63], which 
contradicts Zarrizi et al.'s findings that ICU LOS is influenced 
by the occurrence of  atelectasis, the presence of  more than two 
chest tubes, and post-surgical atrial fibrillation [64]. Additionally, 
another study highlighted pre-operative risk factors such as older 
age, female gender, higher BMI, and poor mobility [65]. All these 
variables and risk factors may explain the lack of  association be-
tween smoking and LOS in the ICU.

The main focus of  this study was to limit the reduction of  func-
tional capacity after CABG and to compare different smoking 
groups that underwent the same intervention protocol. Another 
study had a similar intervention and showed that the 6MWT for 
the breathing/exercise intervention group (431±98 m) was sig-
nificantly better than the standard group (377±90 m, p=0.022) 
[54]. The differences in results between the previous study and 
our study may be attributed to the inclusion of  stair climbing 
(both ascending and descending) in their protocol for all groups, 
an element that was not part of  our study's protocol due to hospi-

current smokers were more likely to have atelectasis after CABG 
than ex-smokers (76.5% vs. 52.9%), with non-smokers being the 
least likely to have atelectasis among the three groups (29.4%, 
p<0.05). Moreover, current smokers were more likely to stay 
on the ventilator after CABG than ex-smokers (11.9±7.3 versus 
8.3±4.3), with non-smokers being the least likely to stay on the 
ventilator after CABG (7±2.5, p<0.01). However, the values of  
η² (Eta squared) indicate that the size effect of  smoking on atelec-
tasis and mechanical ventilation was high (η²=0.148; 0.15 respec-
tively) and medium on postoperative exercise capacity (η²=0.115) 
(Tables 2 and 3).

DISCUSSION

The main finding of  this study was that smokers had a different 
functional capacity in terms of  6MWT after CABG compared to 
non-smokers and ex-smokers. In addition, current smokers were 
more susceptible to common postoperative pulmonary complica-
tions than other groups. On the other hand, the LOS in the ICU 
was not associated with smoking status, which is consistent with 
other studies. 

In this study, current smokers were more likely to be young-
er than ex-smokers, with non-smokers showing an intermediate 
pattern between the two groups. This aligns with findings from 
several studies indicating a higher prevalence of  smoking among 
younger patients with coronary artery disease under 55 years 
[56, 57]. Only one cross-sectional study investigated the effect 
of  smoking on the 6MWT [34]. This study found that current 
smokers had more impaired exercise capacity than non-smokers 
but better results than COPD patients. However, the inclusion 
criteria of  that study encompassed a wide range of  ages, EF, and 
BMI, potentially introducing selection bias, especially since the 
COPD group had a higher mean age of  64.5 years (ranging from 
58 to 74.5 years). Also, the cohort in the Caram et al. study did 
not undergo any type of  surgery [34]. On the other hand, the 
well-defined inclusion criteria in this study reduced the influence 
of  other independent risk factors, like age, BMI, EF, and COPD. 
These differences may explain the difference in results.

Few studies have attempted to examine the effects of  smoking 
on post-operative atelectasis as an independent risk factor. One 
prospective observational study was done on patients after lung 
resection via thoracotomy [58]. This study showed that smokers 
were seven times more likely to have PPC, including atelecta-
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ferent smoking groups. Clinically, the results of  this study may 
help understand the need to improve the therapeutic plan after 
CABG and establish a rehabilitation program and smoking ces-
sation program before surgery. The results may also aid in deci-
sion-making regarding specific programs or the need to increase 
the number of  sessions for certain patients. Additionally, a deeper 
understanding of  the effects of  smoking could assist in more ac-
curately estimating care costs for such episodes.

CONCLUSION
This quasi-experimental study measured the effect of  post-op-

erative physiotherapy intervention on different smoking groups. 
It was observed that smoking status significantly influenced 
functional capacity post-CABG, as evidenced by differences in 
the 6MWT results, particularly when comparing smokers to 
non-smokers. Additionally, current smokers were more likely to 
require prolonged mechanical ventilation and experienced high-
er rates of  atelectasis compared to other groups. However, the 
length of  stay in the ICU did not show a significant correlation 
with smoking status. Future studies are recommended to investi-
gate the effect of  different physiotherapy interventions on smok-
ing groups by isolating individuals with independent risk factors 
that could affect the outcomes.

tal policy. Another article compared an intervention group with 
a control group [66]. Patients in the control group achieved less 
distance in the 6MWT at the time of  discharge (from 343±64 
to 272±52m) compared to the intervention group (from 316±58 
to 299±72m). The differences in these findings compared to our 
study might be due to their protocol, which involved pre-opera-
tive testing for five days and included stair climbing post-surgery. 
Another study that contradicts our findings involved aerobic ex-
ercise with a cycle ergometer for 10-20 minutes daily in addition 
to walking [66].

This is the first study to measure the effect of  post-operative 
physiotherapy intervention on different smoking groups. To in-
crease the validity of  the results and to limit possible bias, the 
physiotherapy team was blinded to the pre- and post-operative 
results and followed the exact treatment protocol. Also, the pri-
mary investigator was not included in patient treatment. Finally, 
the ICU consultant was blind to the X-rays after the patient was 
discharged from the ICU.

However, a limitation of  this study is the exclusion of  female 
participants, which introduces a potential selection bias. Despite 
this, the results did not significantly differ from other articles. An-
other limitation is that ICU LOS may be affected by available 
beds in the surgical step-down ward. Therefore, future studies are 
needed to overcome these limitations. 

Clinical implications 

We must again mention that this is the first study to measure 
the effect of  post-operative physiotherapy intervention on dif-

Table 2. Outcomes after CABG surgery among the three groups (n = 51)

Outcome
Non-smokers 

(n=17)
Ex-smokers 

(n=17)
Current smokers 

(n=17)
p-value

Effect size
η²

Postoperative 6MWT (mean ± SD) 298.5±97.1 215.8±102.8 272.7±97.1 0.045* 0.115

Atelectasis

   No 12 (70.6%) 8 (47.1%) 4 (23.5%) 0.023* 0.148

   Yes 5 (29.4%) 9 (52.9%) 13 (76.5%)

Mechanical vent (hours)

Mean ± SD 7±2.5 8.3±4.3 11.9±7.3 0.009** 0.15

ICU stay (hours)

Mean ± SD 71.45±24.3 69.6±26 85.6±37.5 0.355 -

**Statistically significant (p<0.01); *Statistically significant (p<0.05)
6MWT: six-minute walking test (meters); ICU: intensive care unit    

Table 3. Differences in preoperative and postoperative 6MWT tests for the three groups (n=51)

Group
Preoperative 6MWT Postoperative 6MWT

ta p-value
Mean ± SD Mean ± SD

Non-smokers (n=17) 406.7±90.2 298.5±97.1 -5.542 <0.001**

Ex-smokers (n=17) 349.9±99.9 215.8±102.8 -5.647 <0.001**

Current smokers (n=17) 389.3±70.8 272.7±97.1 -7.339 <0.001**

a. Paired samples statistic; **Statistically significant (p<0.01)
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