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Abstract
Background: Coronary Artery Bypass Grafting (CABG) improves survival 
in advanced Coronary Artery Disease (CAD) but is often associated with 
reduced functional capacity during recovery. Phase II cardiac rehabilitation 
improves physical performance, yet accessible and reliable tools are 
needed to monitor progress. Treadmill Cardiopulmonary Exercise 
Testing (CPET) is the gold standard for assessing aerobic capacity, but 
it is resource-intensive and not widely available in many settings. The 
Six-Minute Walk Test (6MWT) is a simple alternative, but its validity 
compared with treadmill testing in Indonesian post-CABG patients 
remains underexplored.
Methods: This cross-sectional study was conducted at the National 
General Hospital Dr. Cipto Mangunkusumo in Jakarta between May 2023 
and October 2024. Post-CABG patients who completed an eight-week 
Phase II cardiac rehabilitation program, were clinically stable, and able to 
perform both assessments were included. Functional capacity was de-
termined by estimated VO2Max from the 6MWT and directly measured 
VO2Max from a symptom-limited treadmill test using the Modified Bruce 
protocol. Descriptive statistics summarized baseline characteristics. 
Spearman correlation coefficient was used to evaluate the relationship 
between the two tests, with statistical significance set at p<0.05.
Results: Fifteen post-CABG patients completed the study. Most were 
male (73.3%) with a mean age of 59 years. Overweight status was 
common (46.7%), with hypertension (80.0%), dyslipidemia (66.7%), 
and diabetes mellitus (53.3%) as frequent comorbidities. Mean 6MWT 
distance increased from 307.8 ± 85.7 m pre-rehabilitation to 498.5 ± 
140.7 m post-rehabilitation. The estimated VO2Max from the 6MWT 
followed a normal distribution and is reported as a mean of 18.9 mL/kg/
min (SD = 4.2). In contrast, the treadmill-measured VO2Max was non-
normally distributed and is therefore reported as a median of 21.4 mL/
kg/min. A significant moderate positive correlation was found between 
6MWT and treadmill VO2Max (r = 0.689, p = 0.005).
Conclusions: The 6MWT demonstrated a strong, significant correlation 
with treadmill-based VO2Max, supporting its use as a practical and cost-
effective alternative for functional capacity assessment in post-CABG 
Phase II rehabilitation. Routine integration of the 6MWT may facilitate 
individualized exercise prescription and enhance patient monitoring, 
particularly in resource-limited settings.
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Introduction
Coronary Artery Bypass Grafting (CABG) 

remains the preferred revascularization strategy for 
patients with complex multivessel Coronary Artery 
Disease (CAD). Despite its survival benefits, the 
procedure is frequently associated with significant 
postoperative sequelae, including prolonged 
immobility, sternal instability, and a marked reduction 
in functional capacity.1-2 Cardiac rehabilitation plays 
a pivotal role in mitigating these effects by enhancing 
physical tolerance and reducing mortality.3 To 
prescribe safe and effective exercise intensity, 
accurate functional assessment is essential. Maximal 
exercise testing with gas analysis (Cardiopulmonary 
Exercise Testing [CPET]) or standard treadmill 
protocols is considered the gold standard for this 
purpose; however, its implementation in developing 
regions is often limited by high costs, the need for 
specialized equipment, and the technical complexity 
of  the procedures.4

In resource-limited settings, the Six-Minute Walk 
Test (6MWT) has emerged as a practical, low-cost 
alternative that reflects functional capacity for daily 
living activities. While the 6MWT is widely used, its 
correlation with maximal treadmill testing has largely 
been established in Western populations. Applying 
these findings directly to Indonesian patients 
is problematic due to well-documented ethnic 
differences in anthropometry and stride length, 
which significantly influence walking distance and 
VO2Max estimation.5-6 Recent evidence indicates 
that the 6MWT is feasible and well-tolerated in 
adults and older patients immediately following 
CABG, while other studies have confirmed the 
reliability of  treadmill-based 6MWT protocols 
across diverse cardiovascular cohorts.7-8  Despite this 
reinforcing evidence for the test’s general validity, 
specific validation data regarding its correlation with 
maximal treadmill testing in Indonesian post-CABG 
patients is currently lacking.

Consequently, relying on foreign reference 
standards may lead to inaccurate risk stratification 
and exercise prescription in the local context. This 
study aims to explore the correlation between 
6MWT and treadmill testing among post-CABG 
patients in phase II rehabilitation, specifically by: 
(1) identifying the characteristics of  post-CABG 
patients undergoing phase II cardiac rehabilitation, 
(2) estimating their functional capacity in terms of  
VO2Max using both the 6MWT and treadmill test, 
and (3) determining the correlation between the 
6MWT results and treadmill test outcomes in this 
patient population. By establishing this relationship, 

we seek to validate the 6MWT as a reliable surrogate 
tool for functional assessment in Indonesian cardiac 
rehabilitation centres where maximal testing is 
unavailable.

Methods
Study Design

This study used an observational analytic 
cross-sectional design to assess the correlation be-
tween the 6MWT and treadmill exercise testing in 
post-CABG patients undergoing phase II cardi-
ac rehabilitation at the National General Hospital 
Dr. Cipto Mangunkusumo, Jakarta. The study was 
conducted at the Integrated Cardiocerebrovascu-
lar Service Unit, Medical Rehabilitation Outpatient 
Clinic, with data collection taking place from May 
2023 to October 2024, following a preparation peri-
od from December 2022 to July 2023. Data analysis 
was scheduled for October to November 2024, with 
reporting planned for December 2024.
Participants

Participants were included if  they were between 
18 and 60 years of  age and had completed an 
eight-week Phase II cardiac rehabilitation program 
following CABG. Patients were excluded if  they 
had musculoskeletal or neurological disorders 
that impaired their ability to walk, were unable to 
understand or follow test instructions as indicated 
by a Montreal Cognitive Assessment Indonesian 
version (MoCA-INA) score below 26, or had active 
pulmonary disease, arrhythmia, fever or active 
infection, a Timed Up and Go (TUG) score greater 
than 12 seconds, high fear of  falling, a frailty score 
of  3 or more based on the Fried Frailty Scale, or 
hemoglobin levels below 10 mg/dL. Participants 
were withdrawn from the study if  they experienced 
test termination criteria during either the 6MWT 
or treadmill test, such as intolerable chest pain, 
dyspnea, leg cramps, dizziness, pallor, confusion, 
cold sweats, cyanosis, or nausea. Subjects who 
refused to complete the assessment procedures 
were also considered dropouts.

The sample size used in this study is calculated 
using a formula for correlational analytic studies. The 
sample size is determined based on the correlation 
coefficient (r) with the following formula:

 
n = ((Zα + Zβ) / (0.5 × ln((1 + r)/(1 - r))))² + 3

 
Explanation:
α	 = Type I error, set at 0.05, so Zα = 1.96
β	 = Type II error, set at 0.20 (giving 80% 		
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	     power), so Zβ = 0.842
r	 = correlation coefficient
n	 = required sample size

The correlation coefficient (r) based on the 
six-minute walk test against Metabolic Equivalents 
of  Task (METs) during treadmill training by Saba et 
al.2 is 0.77, resulting in n = 13.38, thus a minimum 
of  14 subjects.

The study sample consisted of  the accessible 
population who met the inclusion criteria and did 
not meet any of  the exclusion criteria. Sampling was 
carried out using non-probability sampling, specif-
ically purposive sampling, among individuals from 
the accessible population who fulfilled both the in-
clusion and exclusion requirements.
Ethical Considerations

Research ethics approval was issued by the 
Research Ethics Commission of  the Faculty of  
Medicine, University of  Indonesia, with a Letter of  
Approval from the Research Ethics Committee No. 
KET- 491 / UN2.F1 / ETIK / PPM.00.02 / 2023 
and a Research Permit Letter at National General 
Hospital Dr. Cipto Mangunkusumo No. YR.02.01 / 
2.6.1 / 0915/2023.
Intervention

Each eligible subject was provided with 
detailed information regarding the study’s purpose, 
procedures, and potential benefits. Written informed 
consent was obtained prior to participation. Baseline 
assessments included demographic data (name, age, 
gender, phone number, religion, and education level), 
clinical history, and anthropometric measurements 
(weight, height, and vital signs). Subjects were 
instructed to wear comfortable clothing and 
athletic footwear. They then underwent the 6MWT 
following standardized instructions. The primary 
outcome from this test was the Six-Minute Walking 
Distance (6MWD), measured in meters. From this, 
estimated VO2Max and METs were calculated along 
with documentation of  any subjective symptoms. 
Specifically, estimated VO2Max was calculated using 
the equation: VO2Max = (0.03 × distance in meters) 
+ 3.98, and METs were derived as VO2Max/3.5.
Outcome Measures

The main variables in this study were the 
predicted VO2Max and METs derived from the 
6MWT as independent variables, and VO2Max and 
METs obtained from the treadmill test as dependent 
variables. Potential confounding variables included 
age, sex, Body Mass Index (BMI), and height. These 
factors were considered in both the data collection 
and analysis phases. The 6MWT standard protocols 

are described in Supplementary Data 1.
Following the 6MWT, patients received 

education regarding the treadmill test protocol 
and were referred to the cardiovascular division of  
internal medicine for treadmill testing, which was 
scheduled within 48 hours to 7 days of  the initial 
test. The assessment followed the Modified Bruce 
Protocol, beginning with a warm-up stage (1.7 mph 
at 0% grade), followed by progressive 3-minute 
stages increasing in speed and grade (Stage 1: 1.7 
mph, 10% grade; Stage 2: 2.5 mph, 12% grade, 
etc.), until volitional exhaustion or termination 
criteria were met. The full procedure is described in 
Supplementary Data 2.

The test score was defined as the total time (T) 
in minutes, which was converted into estimated 
VO2Max (mL/kg/min) using specific population-
based formulas: General: 14.76 - (1.379 × T) + 
(0.451 × T2) - (0.012 × T3); Women: (2.94 × T) + 
3.74; Young Women: (4.38 × T) - 3.9; Men: (2.94 × 
T) + 7.65; and Young Men: (3.62 × T) + 3.91. Final 
outcomes included measured VO2Max, METs, and 
any reported symptoms.
Statistical Analysis

Data processing and statistical analysis were 
performed using IBM SPSS Statistics version 26 
for Macintosh. Descriptive analysis was conducted 
to evaluate the baseline characteristics and 6MWT 
outcomes. Categorical data were presented as 
frequencies and percentages, while continuous data 
were assessed for normality using the Kolmogorov-
Smirnov test. Normally distributed data were 
reported as means, while non-normally distributed 
data were presented as medians. The primary 
analysis assessed the correlation between outcomes 
of  the 6MWT and the treadmill test using the 
Spearman correlation test, as data were not normally 
distributed. Correlation strength was classified as 
weak (r < 0.40), moderate (r = 0.40-0.69), or strong 
(r ≥ 0.70).
Theory/calculation

Low 6MWD and treadmill test performance 
have been associated with poorer cardiovascular 
prognosis, and this can be explained by several 
physiological mechanisms. One key contributor is 
left ventricular dysfunction. A reduced VO2Max, 
determined by both oxygen delivery (including 
cardiac output and peripheral vascular function) 
and oxygen utilization (primarily skeletal muscle 
efficiency), contributes to decreased exercise 
tolerance. Submaximal functional capacity may be 
limited either by resting ventricular dysfunction or 
by dysfunction induced during submaximal exertion. 
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However, the relationship between exercise capacity 
and left ventricular function is also influenced by 
factors such as age, gender, and BMI.9

Another important mechanism is myocardial 
ischemia, indicated by ST-segment depression 
or elevation during exercise testing.10 Ischemia 
occurring at submaximal or maximal workloads may 
impair myocardial contractility and contribute to 
lower test outcomes in both VO2Max and walking 
distance, as the impaired contractile response may 
limit cardiac performance under exertion, directly 
reducing measurable aerobic capacity.11

Endothelial dysfunction is also implicated 
in limiting oxygen delivery. It affects vascular 
tone, promotes thrombotic events, and alters 
the vascular wall composition, all of  which 
contribute to a reduced VO2Max and increased 
risk of  recurrent cardiovascular events.12 Moreover, 
poor functional capacity may also reflect an 
unfavorable cardiovascular risk profile, including 
dyslipidemia, hypertension, insulin resistance, 
systemic inflammation, autonomic dysfunction, 

and prothrombotic states. Together, these factors 
increase the likelihood of  future adverse cardiac 
events.13-14

In this study, functional capacity is assessed 
using the 6MWT and treadmill exercise testing, 
both of  which provide distance-based outcomes 
that reflect the integrated physiological responses of  
multiple organ systems involved in physical exertion, 
namely the pulmonary, cardiovascular, hematologic, 
neuromuscular, and muscular-metabolic systems. 
The 6MWT is chosen for its simplicity, validity, 
reproducibility, and tolerability, particularly among 
patients with CAD. Meanwhile, the treadmill test is 
a maximal-effort assessment and is considered the 
gold standard for evaluating aerobic capacity. Key 
indicators such as VO2Max and METs, derived from 
these tests, serve as critical parameters for clinical 
diagnosis and prognostication. The conceptual 
framework underlying this assessment approach is 
illustrated in Figure 1.

↑ Autonomic nerve function
↑ Maximum muscle oxygen intake capacity 

↑ Collateral coronary vascularization
↑ Ventricular remodeling
↑ Cardiac pump function

measures

Treadmill Exercise Test

VO2Max

METs

Workload/intensity

Distance

6-Minute Walk Test

predicts

CABGPhase II Cardiac Rehabilitation

Functional Capacity
Oxygen Intake

VO2Max

lowers

improves

Figure 1. Conceptual Framework of  Cardiac Rehabilitation in CAD.
This diagram shows how risk factors lead to coronary heart disease and reduced exercise capacity. Phase II cardiac rehabilitation 

improves functional capacity, measured by VO2Max and walking distance, through structured exercise and testing.
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Results
Participant Characteristics

The study subjects were post-CABG patients 
who met the inclusion and exclusion criteria and 
consented to participate. The recruitment process 
and outcomes are illustrated in Figure 2. A total 
of  40 patients were initially screened. Of  these, 
22 eligible participants (55.0%) failed to attend the 
baseline assessment. Specifically, ten participants 
did not attend the first visit for the 6MWT, one had 
undergone amputation, one experienced urethral 
rupture, two had strokes, three passed away, and five 
returned to their hometowns after the procedure.

Eighteen subjects signed the informed consent 
form. However, three dropped out due to loss to 
follow-up. Ultimately, 15 subjects completed the 
post-intervention assessments. This number meets 
the minimum sample size estimated during the 
study design phase. Participants underwent Phase 
II cardiac rehabilitation, consisting of  supervised 
exercise sessions three times per week for eight 
weeks, totaling 24 sessions.

Several logistical challenges were encountered 
during the implementation of  the study protocol. 
Initially, data collection was scheduled to be 
completed by December 2023. However, due to 
insufficient subject recruitment by the end of  that 
year, the study duration was extended to October 
2024. The primary challenge was identifying 
eligible participants who met the study criteria. 
No participants experienced adverse events during 
the exercise sessions, 6MWT, or treadmill exercise 
testing. Subject characteristics were evaluated to 
identify potential confounding variables, including 
age, sex, and BMI. Additional variables assessed 
were educational attainment and comorbidities. The 
detailed characteristics are presented in Table 1.

In this study, age was not normally distributed, 
with a median of  59 years and a range of  39-
60 years. The majority of  participants were male 
(73.3%). The mean BMI indicated that 46.7% of  
participants were overweight. Most participants 
had completed high school education (46.7%). The 
most common comorbidities were hypertension, 
followed by dyslipidemia and diabetes mellitus.

Figure 2. Subject Recruitment Process.
This flowchart outlines the recruitment and retention of  study participants.
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Table 1. Characteristics of  Study Subjects.
Characteristic n=15

Age (years), median (min-max) 59 (39-60)
Sex, n (%)
    Male 11 (73.3%)
    Female 4 (26.7%)
Education Level, n (%)
    Primary School 1 (6.7%)
    Middle School 1 (6.7%)
    High School 7 (46.7%)
    Diploma/Bachelor’s Degree 6 (40.0%)
Body Weight (kg), mean (SD) 65.5 (8.8)
Height (cm), mean (SD) 162.5 (6.3)
BMI (kg/m²), n (%)
    Normal 7 (46.7%)
    Overweight 7 (46.7%)
    Obesity I 1 (6.7%)
    Obesity II –
Medical History, n (%)
    Hypertension 12 (80.0%)
    Diabetes Mellitus 8 (53.3%)
    Dyslipidemia 10 (66.7%)
    Kidney Failure 5 (33.3%)
6-Minute Walk Distance (m), mean (SD)
    Before 307.8 (85.7)
    After 498.5 (140.7)

BMI: Body Mass Index; m: meter.

Functional Capacity Based on VO2Max in the 
6MWT and Treadmill Exercise Test

After completing eight weeks of  Phase II 
cardiac rehabilitation, participants demonstrated 
a substantial improvement in 6MWD, with a 
mean increase of  190.7 meters from baseline. The 
estimated VO2Max from the 6MWT (which was 
normally distributed) is reported as a mean of  18.9 
mL/kg/min (SD = 4.2). In contrast, the treadmill-
measured VO2Max (which was non-normally 
distributed) is reported as a median of  21.4 mL/
kg/min (range: 15.7-35.7). The complete functional 
capacity data stratified by sex are presented in 
Supplementary Data 3, and the final summary of  
results is provided in Table 2.
Correlation Between 6MWD and Treadmill 
VO2Max in Post-CABG Patients

A Spearman correlation analysis revealed a 
statistically significant moderate positive correlation 
between 6MWD and VO2Max measured via 
treadmill testing in post-CABG patients (r = 
0.689, p = 0.005). This finding indicates that a 

greater 6MWD is associated with higher treadmill 
VO2Max, and vice versa. The correlation results are 
summarized in Table 2.

A scatter plot illustrating the relationship 
between 6MWD and treadmill VO2Max is shown in 
Figure 3. The graph demonstrates that patients with 
higher VO2Max values also achieved longer 6MWD 
walking distances. This reinforces the significant 
positive association between the two functional 
capacity indicators.

Discussion
Participants Characteristics

The average age of  participants was 59 years 
(range: 39-60), categorized as late productive age. 
This finding is comparable to one research in 
Medan, Indonesia, which reported a mean age of  
57.4 years (SD = 5.7) among post-CABG patients.15 

Similarly, another study identified an average age 
of  66 years (range: 59-72) in male patients post-
open-heart surgery.16 Older age is associated with a 
gradual decline in cardiorespiratory capacity, which 
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may result in slower postoperative improvement. 
Another significant difference is the proportion of  
male (11 participants) versus female (4 participants) 
subjects in this study, which may be considered a 
study limitation, even though it reflects the general 
trend in the proportion of  CABG patients.17 The 
small sample size of  female participants may hinder 
accurate representation of  women’s responses to 
rehabilitation and limit the validity of  statistical 
analyses comparing outcomes between the two 
sexes.

Male participants accounted for 73.3% of  the 
sample, consistent with the literature reporting a 
higher prevalence of  CABG procedures among 
men.17-18 Males are associated with greater baseline 
cardiorespiratory fitness, muscular strength, and 
skeletal muscle mass, which may influence exercise 
test outcomes.19-20

Nearly half  of  the participants (46.7%) were 
classified as overweight, while hypertension was 
the most prevalent comorbidity (80.0%), followed 
by dyslipidemia (66.7%) and diabetes mellitus 
(53.3%). These comorbidities can negatively impact 
baseline functional capacity and the effectiveness 
of  rehabilitation. This is in line with a multicenter 

Table 2. Functional Capacity Outcomes and Correlation Analysis.
Variable Value Statistic

6MWT Distance (meters) 498.5 ± 140.7 Mean ± SD 
6MWT Estimated VO2Max (mL/kg/min) 18.9 ± 4.2 Mean ± SD  
Treadmill Measured VO2Max (mL/kg/min) 21.4 (15.7 – 35.7) Median (Q1-Q3)
Correlation (Spearman's Rho) 0.689
p-value 0.005

Data are presented as Mean ± SD for normally distributed variables and Median (Q1-Q3) for non-nor-
mally distributed variables.

6M
W
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Figure 3. Scatter Plot of  6MWT and Treadmill Exercise Test.
The plot demonstrates that better treadmill exercise performance (higher VO2Max) is generally associated with better walking 

endurance, as measured by the 6MWT distance. This supports the use of  the 6MWT as a simple, practical indicator of  
cardiovascular fitness.

study that found 44% of  7,498 CABG patients were 
overweight.21 As was previously studied, overweight 
status is strongly associated with hypertension, 
dyslipidemia, and insulin resistance, key risk factors 
for CAD.22

Most participants had a high school education 
(46.7%), a factor that may influence comprehension 
of  instructions, adherence to rehabilitation 
protocols, awareness of  the benefits of  the program, 
and capacity for independent management.23

Impact on 6MWD
Following 8 weeks of  cardiac rehabilitation, the 

mean 6MWD increased significantly from 307.8 
meters (SD = 85.7) to 498.5 meters (SD = 140.7), 
representing a mean improvement of  190.7 meters. 
The physiological mechanisms underlying these 
improvements include increased stroke volume and 
cardiac output, reduced resting heart rate, improved 
myocardial contractility, and enhanced coronary 
perfusion through angiogenesis.24 Peripheral 
adaptations, such as improved endothelial function, 
increased nitric oxide production, decreased 
arterial stiffness, and enhanced skeletal muscle 
capillarization, also play a critical role in improving 
peripheral resistance.25
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At the cellular level, consistent physical training 
stimulates mitochondrial biogenesis and volume 
expansion, thereby improving aerobic metabolism 
and oxidative enzyme activity.26 These adaptations 
enhance peripheral oxygen extraction and improve 
neurohumoral balance by reducing sympathetic 
activity and enhancing vagal tone.27 Skeletal muscle 
adaptations include hypertrophy, increased oxidative 
capacity, and optimized fiber-type distribution 
through pathways such as Peroxisome Proliferator-
Activated Receptor Gamma Coactivator 1-Alpha 
(PGC-1α) expression and AMP-activated protein 
kinase (AMPK) activation.28 Exercise also 
reduces systemic inflammation and modulates 
pro-inflammatory cytokines.3 Collectively, 
these mechanisms contribute to the observed 
improvement in 6MWD.

This phase II cardiac rehabilitation program 
has been shown to improve functional capacity, 
as evidenced by a 190.7-meter increase in the 
6MWD. This improvement far exceeds the Minimal 
Clinically Important Difference (MCID) established 
by the European Respiratory Society/American 
Thoracic Society, which is 30 meters for minimal 
change in 6MWD.29 Contributing factors influencing 
successful 6MWT outcomes include age, baseline 
6MWD, exercise session attendance, supervision 
and encouragement during the test, and underlying 
cardiac pathology.30 While both the 6MWT and 
treadmill test evaluate aerobic capacity, the 6MWT 
primarily reflects submaximal functional capacity 
relevant to daily activities, whereas the treadmill test 
assesses maximal cardiovascular performance.
Functional Capacity in the form of VO2Max 
from the 6MWT and Treadmill Test

The mean VO2Max derived from the 6MWT 
was 18.9 mL/kg/min (SD = 4.2), while that from 
the treadmill test was 21.4 mL/kg/min (range: 
15.7-35.7). Saba et al.2 reported a more significant 
difference between the two methods, with 6MWT 
VO2Max at 11.3 mL/kg/min and treadmill-derived 
VO2Max at 23.4 mL/kg/min, a difference of  12.1 
mL/kg/min. In contrast, Zanini et al.31 reported a 
smaller discrepancy: 18.8 mL/kg/min (SD = 6.1) 
from the 6MWT versus 19.5 mL/kg/min (SD = 3.6) 
from treadmill testing, a difference of  only 0.7 mL/
kg/min.  Discrepancies in findings may be attributed 
to differences in participant demographics, post-
operative timelines, and assessment methodologies. 
Additionally, anthropometric differences between 
Indonesian and international populations could 
influence exercise test performance. In general, 
VO2Max values derived from treadmill testing tend 

to be higher than those estimated from the 6MWT. 
This is expected, given that the 6MWT assesses 
submaximal endurance, while treadmill testing 
measures peak aerobic capacity.

The mean METs during the 6MWT was 5.4 
(SD = 1.2), while the treadmill test yielded a mean 
of  6.1 (range: 4.5-10.2). These results indicate a 
sufficient functional capacity for daily activities such 
as brisk walking, sweeping, or playing with children. 
However, activities must be introduced gradually 
and with proper monitoring.
Correlation Between 6MWD and Tread-
mill-Derived VO2Max in Post-CABG Patients

This study demonstrated a statistically significant 
moderate positive correlation (r = 0.689) between 
the 6MWD and treadmill-derived VO2Max in 
post-CABG patients undergoing Phase II cardiac 
rehabilitation. These results align with the researcher’s 
expectations, as both tests assess functional capacity, 
albeit through distinct physiological mechanisms.

The moderate correlation can be attributed to 
the distinct characteristics of  each test: the 6MWT 
is a submaximal, self-paced assessment, whereas the 
treadmill test is maximal and standardised. These 
findings are consistent with more recent evidence. 
For example, a meta-analysis found a significant 
correlation between VO2Max and 6MWD (r = 0.65) 
in patients with cardiopulmonary conditions.32

Previous research demonstrates a strong 
correlation between 6MWT performance and 
treadmill test results in cardiac rehabilitation 
settings. In one updated study, the 6MWT showed a 
moderate-to-strong correlation (r = 0.70-0.80) with 
VO2Max as measured by a treadmill test.33 These 
findings reinforce the validity of  the 6MWT as a 
practical tool for evaluating functional capacity. In 
populations with significant physical limitations, the 
6MWT may approximate maximal exertion, further 
supporting its clinical utility.

While the 6MWT cannot fully replace treadmill 
testing, it remains an effective tool for screening 
and monitoring progress in cardiac rehabilitation 
programmes.34 This is particularly relevant in clinical 
settings with limited access to treadmill or CPET 
facilities, and supports the adoption of  the 6MWT 
as a practical alternative for monitoring functional 
progress over time. Its simplicity in implementation 
does not diminish its clinical reliability as a valid 
assessment tool.
Strengths and Limitations of the Study

Several limitations must be acknowledged. 
First, the use of  purposive sampling may limit 
the generalizability of  findings to the broader 



Indonesian J Cardiol • Vol. 47 • 2026

Indonesian post-CABG population. Second, due 
to the limited sample size (n=15), the estimates 
may be subject to wide confidence intervals, 
and multivariate regression analysis to adjust for 
potential confounders (age, sex, BMI) could not be 
performed. Future studies with larger, randomized 
cohorts are needed to statistically isolate the effects 
of  these variables.

Thirdly, this study did not use the gold-standard 
CPET. Sampling limitations were also present, as 
many patients at National General Hospital Dr. 
Cipto Mangunkusumo, reside outside Jakarta, 
and some were unable to complete the program. 
Additionally, incomplete data posed a challenge, 
particularly the lack of  post-operative ejection 
fraction data prior to Phase II cardiac rehabilitation, 
as this parameter was not included in the standard 
operating procedures of  the hospital.

Despite these limitations, this study presents 
several strengths. To our knowledge, it is the first 
to assess the correlation between the 6MWT and 
treadmill-based testing in post-CABG patients 
within an Indonesian population. Furthermore, the 
findings provide evidence that the 6MWT can be 
reliably administered in healthcare facilities without 
treadmill infrastructure, thereby broadening access 
of  functional capacity assessments in cardiac 
rehabilitation programs.

Conclusion
These results indicate that the 6MWT is a 

practical, accessible, and valid measure of  functional 
capacity in post-CABG patients during Phase II 
cardiac rehabilitation. Its strong correlation with 
treadmill-derived VO2Max underscores its utility as a 
reliable alternative to more complex exercise testing. 
Consequently, the 6MWT can effectively guide 
individualized exercise prescription, monitor patient 
progress, and facilitate rehabilitation planning in 
clinical settings where resource constraints may limit 
access to advanced CPET. Integrating the 6MWT 
into routine post-CABG rehabilitation protocols 
may enhance patient outcomes by providing timely, 
objective assessments of  cardiovascular fitness and 
functional improvement.
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