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Background: The 6 min walk test (6MWT) is widely used to evaluate functional
exercise capacity, therapeutic effects, and prognosis in patients with
cardiopulmonary diseases. However, its application in phase | cardiac
rehabilitation (CR) after coronary artery bypass grafting (CABG) remains under
explored. This study investigates the physical performance of CABG patients
during the early 6MWT and analyzes factors influencing their walking
performance during inpatient CR.

Methods: This retrospective study included 360 patients who underwent
isolated off-pump coronary artery bypass (OPCAB, n=240) or minimally
invasive direct coronary artery bypass (MIDCAB, n =120) surgery. Participants,
with a median age of 63 years (range: 36—80), comprised 285 males and 75
females. The study was conducted from November 22, 2023, to December
25, 2024. It specifically included patients who completed the 6MWT within
5+ 2 days during phase | CR post-surgery.

Results: The median 6 min walk distance (6MWD) was 183 + 125 meters
(33+20% of predicted). Notably, the walking distances were significantly
shorter in OPCAB patients than MIDCAB patients (175+ 125 vs. 200 + 134
meters, Z=-3.426, P=0.001), in older patients than younger patients
(H=20.489, P<0.001) and in females than males (150 + 84 vs. 200 + 100
meters, Z=-5919, P<0.001). Univariate analysis showed 6MWD significantly
correlated with height, weight, body mass index (BMI), diastolic blood pressure
(DBP) and peripheral oxygen saturation (SpO2) before the test, as well as heart
rate (HR), systolic blood pressure (SBP), DBP, SpO2, and respiratory rate (RR)
after the test, and the mean values of HR and RR during the test. The stepwise
multivariate regression analysis identified that gender, type of surgery, HR and
RR at the end of the test, and DBP before the test were independent
predictors of the 6MWD.

Conclusion: This study is the first to describe early 6MWD in CABG patients
during phase | CR. The 6MWT is feasible and well-tolerated in adults and older
patients shortly after CABG. The findings provide valuable insights into factors
affecting walking distance, aiding clinical assessment and informing phase |
CR program development post-discharge.
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1 Introduction

Cardiovascular diseases, which encompass a range of
conditions affecting the heart and blood vessels, including
coronary artery disease, cerebrovascular disease, rheumatic heart
disease, and others, are the leading cause of death globally (1).
Coronary artery bypass grafting (CABG) is an effective and
established treatment for clinically significant coronary artery
disease. It can effectively restore coronary blood flow, improve
myocardial ischemia, and enhance cardiac function (2).
Functional recovery post-CABG varies by surgical approach
(OPCAB vs. MIDCAB), with minimally invasive techniques
potentially facilitating earlier mobilization due to reduced trauma
(3). Early assessment of physical capacity is critical for
developing rehabilitation exercise prescription (4).

The 6 min walk test (6MWT) is a safe, simple, well-tolerated,
and reliable tool for assessing the physical performance, the
effects of the therapy and prognostic stratification of patients
with severe cardiopulmonary disease (5-8). Early after cardiac
surgery the estimated physical functional capacity of patients can
be affected by perioperative factors, including prolonged bed rest,
pain, anaemia, and restrictive respiratory patterns (9). Currently
it is not known whether the distance walked during the 6MWT
early after CABG surgery is associated with clinical and
Therefore, the

relationship between the 6MWT distance and several clinical and

demographic factors. quantification of the
demographic factors for patients who have undergone CBAG
surgery is clinically important and relevant. Furthermore, the
6MWT serves as an indicator of phase I cardiac rehabilitation
(CR) effectiveness and guides exercise prescription for phase II
rehabilitation (10, 11). However, few studies have evaluated
6MWT performance during early inpatient CR after isolated
CABG, particularly regarding the impact of surgical techniques
(12). Thus, this study aimed to assess the physical performance
of CABG patients in the early stages of the 6MWT during
inpatient CR program, analyze the influence of various relevant
clinical and demographic factors on the walking performance of
these patients, and provide effective recommendations for
feasibility of 6MWT as a measure of postoperative CR program
after CABG.

2 Materials and methods
2.1 Study population
Subjects were enrolled among 360 inpatients from November

22, 2023 to December 25, 2024 for the phase I
rehabilitation program soon after either isolated off-pump

cardiac

coronary artery bypass (OPCAB) (n =240) or isolated minimally
invasive direct coronary artery bypass (MIDCAB) (n=120)
surgery. Patients requiring concomitant procedures were
excluded. After returning to the ward from the intensive care
unit after surgery, all participants initiated the phase I CR

program. The standardized phase I CR program for patients
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who underwent CABG surgery should be begun as soon as
possible, which included respiratory and cough training, upper
and lower limb exercises, transfer training, standing training and
graded walking exercise (13). Exercise training was conducted
once a day and was supervised by members of the cardiac
rehabilitation staff. Within the median of 5+ 2 days after surgery,
all subjects performed the 6MWT following the phase I CR
program and prior to hospital discharge according to the
American Thoracic Society protocol, with electrocardiographic
monitoring by telemetry. Their medical records were reviewed
and assessed by two independent researchers. The study was
approved by the hospital’s ethical committee and informed
consent was obtained from all study participants (KS2024003).

2.2 6-min walking test (6MWT)

According to the guidelines of the American Thoracic Society,
the 6MWT was performed using a smart six minute walking test
and analysis system (Wocaring Medical Equipment Co., Ltd.) (8).
Patients were instructed to walk the greatest possible distance
along a 25-meter straight, flat hospital corridor within 6 min (8,
14, 15). Prior to and following the 6MWT, measurements were
taken of blood pressure (BP). During the test, patients wore
intelligent monitoring devices (YK-2020A, Wocaring Medical
Equipment Co., Ltd.) to record real-time changes in physiological
indicators, including electrocardiography (ECG), heart rate (HR),
respiratory rate (RR), and peripheral oxygen saturation (SpO,).
A professional rehabilitation therapist accompanied the patients
to ensure their safety without encouragement. The test was
symptom-limited, and it was immediately discontinued if SpO,
fell below 85%, if ECG monitoring indicates severe arrhythmia,
or if the patient experienced exhaustion, angina, severe dyspnoea,
dizziness, diaphoresis, or intolerable leg cramps. The results of
the 6MWT were given as absolute value in meters and as a
of the taking
anthropometric variables (age, sex, weight and height) according

percentage predicted value, into account
to the reference equation proposed by Enright and Scherril in
healthy subjects (14). The metabolic equivalent (METs) of the
patient was automatically calculated based on the 6MWT results
and recorded. The oral informed consent was obtained from all
participants and approved by the hospital’s ethics committee

(KS2024003).

2.3 Statistical analysis

We collected data on demographic variables such as gender
and age, as well as clinical variables including height, weight,
body mass index (BMI), type of surgery, time from surgery to
the 6MWT, 6MWD, 6MWD as a percentage of predicted, METs,
HR, systolic blood pressure (SBP), diastolic blood pressure
(DBP), SpO,, and RR.

All statistical analyses were conducted using Statistical Product
and Service Solutions (version 26.0 Inc., Chicago, IL, USA) and
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).
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Data were presented as mean * standard deviation (SD) with
normally distributed variables and as median + interquartile
range (IQR) with non-normally distributed values. Instead,
categorical data were presented as frequencies (percentages).

Continuous variables were assessed for normality using
Shapiro-Wilk test. For normally distributed continuous variables,
comparisons between male and female groups were made using
the independent Student’s t-test. For non-normally distributed
continuous variables, the Mann-Whitney U-test was employed to
compare two groups, while Kruskal-Wallis H-test was utilized
for comparisons among three groups. For categorical variable, it
was evaluated using the chi-squared test for between-
group differences.

We first performed a univariate analysis with Spearman’s
correlation test to evaluate the correlations between the 6MWD
and the variables, and then conducted a forward stepwise
multivariate linear regression analysis to establish the reference
equations for the 6MWD. The most significant categorical
variable was added to the model at each step, and the process
continued until no additional statistically significant variables
were added. Surgery types were coded as 0=MIDCAB,
1 =OPCAB in regression models. Negative regression coefficients
indicate lower 6MWD in OPCAB. A P>0.05 was used to

TABLE 1 Demographic characteristics and 6MWT results of all subjects.

Variables Male Female Total

10.3389/fcvm.2025.1580442

determine whether a variable was entered and removed.
Statistical significance is set at P < 0.05.

3 Results

3.1 Demographic characteristics and the
6MWT results

A total of 360 CABG subjects, comprising 285 males and 75
females, who had completed phase I CR program and the
6MWT were included in this study. The characteristics and
6MWT results of all participants are presented in Table 1.
Females were slightly older than males, with age of 66+ 8 years
compared to 62+13 years (Z=-3.864, P<0.001). Males were
significantly taller and heavier than females, and differences in
BMI were observed between the two genders (25.91 £4.11 vs.
25+4.32kg/m®>, Z=-2238, P=0.025). The 6MWT was
conducted within 5+2 days after CABG surgery, with
no significant difference between males and females
(Z=-1269, P=0.205).

The median 6MWD for all subjects was 183 + 125 meters,
corresponding to 33+20% of the predicted value, calculated

Statistics

n=75 (20.8%)

n =360 (100%)

n =285 (79.2%)

Age, y 62.00 + 13.00 66.00 + 8.00 63.00 + 12.00 Z=-3.864 <0.001*
Type of surgery 22=2728 0.099°
MIDCAB 101 (84.2%) 19 (15.8%) 120 (33.3%)
OPCAB 184 (76.7%) 56 (23.3%) 240 (66.7%)
Height, cm 169.16 £ 5.76* 156.68 + 5.58* 167.00 £ 10.00 t=-16.807 <0.001°
Weight, kg 74.00 = 14.00 64.00 +12.00 71.00 = 16.00 Z=—8.746 <0.001*
BMI, kg/m2 2591 +4.11 25.00 +4.32 25.87 +3.05* Z=-2.238 0.025
HRi, bpm 89.81 + 13.76* 88.15 +13.20* 89.47 + 13.64* t=-0.942 0.347¢
HRf, bpm 96.48 + 14.98* 93.12 + 14.41* 95.78 + 14.91* t=-1.742 0.082¢
HRm, bpm 100.00 + 21.00 97.00 +22.00 99.00 +20.00 Z=-1309 0.190*
SBPi, mmHg 126.60 + 16.65* 129.21 +15.23* 127.14 £ 16.38% t=1.230 0.219¢
DBPi, mmHg 75.91 +10.03* 75.28 £9.49* 75.78 £9.91* t=-0.491 0.624°
SBPf, mmHg 132.67 £ 17.86* 132.96 + 17.26* 132.73 £17.71% t=-0.127 0.899¢
DBPf, mmHg 77.24 +9.88* 7429 £ 11.26* 77.00 = 13.00 t=-2.229 0.026°
SpOui, % 95.00 = 3.00 95.00 +3.00 95.00 + 3.00 Z=-1.333 0.183°
SpO.f, % 95.00 = 3.00 95.00 +3.00 95.00 + 3.00 Z=-1.325 0.185°
SpO,m, % 94.00 +4.00 94.00 + 4.00 94.00 + 4.00 Z=-0.172 0.863
RRi, n 22.00 +4.00 21.00 +5.00 22.00 +4.00 Z=-0.866 0.387°
RRf, n 24.00 +5.00 23.00 +4.00 23.00 +5.00 Z=-1571 0.116*
RRm, n 24.00 + 6.00 23.00 £ 6.00 24.00 + 6.00 Z=-0.898 0.369°
Time from surgery to the 6SMWT, d 5.00 +2.00 5.00 £ 2.00 5.00 +2.00 Z=-1269 0.205%
6MWD, m 200.00 £ 100.00 150.00 + 84.00 183.00 £ 125.00 Z=-5919 <0.001*
6MWD (% predicted), % 34.00 +21.00 29.00+17.00 33.00 +20.00 Z=-3.444 0.001°*
METs, keal/kg/h 2.70+0.70 2.40+0.50 2.60+0.90 Z=-5.555 <0.001*

Results expressed as the median + interquartile range (IQR) or number (%). Bold indicates a statistical difference.

MIDCAB, minimally invasive direct coronary artery bypass; OPCAB, off-pump coronary artery bypass; BMI, body mass index; i, initial; f, final; m, mean; HR, heart rate; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SpO,, peripheral oxygen saturation; SpO»i, resting SpO,; SpO»f, end-test SpO,; SpO,m, mean SpOy; RR, respiratory rate; 6MWT, 6 min walk test;
6MWD, 6 min walk distance; METs, metabolic equivalent.

“Based on Mann-Whitney U-test.

"Based on Chi-square test.

“Based on Independent Student’s t-test.

*Mean and standard deviation.
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according to the regression equation derived from healthy subjects
(14). The absolute distance walked was positively correlated with
gender (r=0.312, P<0.001) and was significantly shorter in
females than in males (150 +84 meters, 29 + 17% predicted vs.
200+ 100 meters, 34+21% predicted, respectively, Z=-5.919,
P<0.001 for distance; Z=-3.444, P=0.001 for percentage of
predicted value). Additionally, a significant difference in DBP at
the end of the 6MWT was observed between males and females
(77.24 £9.88 vs. 74.29 + 11.26 mmHg, t=—2.229, P=0.026).

3.2 Percentage distribution of the 6MWD

Figure 1 shows the percentage distribution of 360 patients
based on the distance walked after CABG surgery, after
completing the phase I CR program and before discharge.
Notably, approximately three-fifths of these patients exhibited a
relevant reduction of exercise tolerance, as indicated by a
distance walked <200 meters.

3.3 Associations with the 6MWD

The absolute walking distance was inversely correlated with
both the type of surgery (r=—0.23, p <0.001) and age (r=—-0.23,
P <0.001) Moreover, in all age groups, males consistently walked
significantly greater distances than females, as detailed in
Table 2. Furthermore, the absolute distance walked in the 6MWT
was lower in patients who were over 75 years of age and had
undergone OPCAB surgery (Table 3).

The correlations between the 6MWD and various factors are
summarized in Table 4. Univariate linear regression analysis

10.3389/fcvm.2025.1580442

revealed that several variables, including age, height, weight, BMI,
DBP and SpO, before the test, as well as HR, SBP, DBP, SpO,,
and RR after the test, and the mean values of HR and RR during
the test, were all significantly associated with the 6MWD (all
P<0.05).

At the stepwise multivariate regression analysis, the 6MWD
was positively correlated with gender (P <0.001), HR at the end
of the test (P=0.001), and DBP before the test (P=0.043).
Conversely, the 6MWD was negatively correlated with the RR at
the end of the test (P=0.004). The 6MWD was negatively
correlated with OPCAB surgery (8=-0.203, P<0.001),
indicating shorter distances compared to MIDCAB (Table 5).
These identified
influencing the 6 MWD and explained approximately 18% of the

factors  were as independent predictors

variance in walking distance.

4 Discussion

To our knowledge, this study represents the first effort to
predict early 6MWD in patients following CABG surgery during
phase I CR program. Our findings reveal that the physical
performance, as assessed by the distance walked during the
6MWT, is significantly reduced in patients who underwent
OPCAB surgery, older patients, and females patients following
CABG surgery. Notably, the predictors of 6MWD were observed
independently of gender, type of surgery, HR and RR at the end
of the test, and DBP before the test.

Previous studies have demonstrated that the results of the
6MWT correlate well with changes in symptoms, suggesting that
it may serve as supportive evidence for clinical evaluations (16,
17). The distance walked during the 6MWT could be used to

30
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FIGURE 1
6MWD distribution of all 360 participants
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TABLE 2 6MWD in male and female divided according to age.

Age group

10.3389/fcvm.2025.1580442

O ed O ea d d d
Male
N 173 99 13
6MWD 200+ 113 179+ 135 174+ 186 H=12611 0.002
6MWD (% predicted) 34+19 33+24 36 +39
Female
N 33 35 6
6MWD 150 + 100 143+ 75 100+ 113 H=2228 0.328
6MWD (% predicted) 30+18 24+16 24 +27

6MWD, 6 min walk distance.

Results expressed as the median + interquartile range (IQR).
Based on Kruskal-Wallis H-test.

Bold indicates a statistical difference.

TABLE 3 6MWD in 360 CABG patients divided according to gender, age,
and type of surgery.

Variables Meters % Statistics  P-values
predicted

Male (n =285) 200 + 100 34+21 Z=-5919 <0.001°

Female (n=75) 150 + 84 29+17

Age < 65 years 200 + 101 34+19 H =20.489 <0.001°

(n=206)

Age 65-75 years 165.25 +103 33+£20

(n=134)

Age > 75 years 150 + 108 35+28

(n=19)

MIDCAB (n=120) | 200 + 134 35423 Z=-3426 0.001°

OPCAB (1 = 240) 175+ 125 33+19

Results expressed as the median + interquartile range (IQR). Bold indicates a statistical
difference.

MIDCAB, minimally invasive direct coronary artery bypass; OPCAB, off-pump coronary
artery bypass.

“Based on Mann-Whitney U-test.

"Based on Kruskal-Wallis H-test.

TABLE 4 Univariate correlation coefficients for the 6MWD and

subject variables.

Variables r-values P-values
Age, y -0.230 <0.001
Height, cm 0.249 <0.001
Weight, kg 0.260 <0.001
BMI, kg/m? 0.137 0.009
HRi, bpm 0.078 0.140
HRf, bpm 0.213 <0.001
HRm, bpm 0.158 0.003
SBPi, mmHg —0.004 0.946
DBPi, mmHg 0.159 0.002
SBPf, mmHg 0.136 0.010
DBPf, mmHg 0.173 0.001
SpOai, % 0.152 0.004
SpO.f, % 0.147 0.005
SpO,m, % 0.100 0.057
RRi, n 0.063 0.234
RRf, n 0.191 <0.001
RRm, n 0.153 0.004
Time from surgery to the 6SMWT, d —0.037 0.483

Based on Spearman correlation coefficient. Bold indicates a statistical difference.

BMLI, body mass index; i, initial; f, final; m, mean; HR, heart rate; SBP, systolic blood pressure;
DBP, diastolic blood pressure; SpO,, peripheral oxygen saturation; SpO.i, resting SpO,;
SpO.f, end-test SpO,; SpO,m, mean SpO,; RR, respiratory rate; 6MWT, 6 min walk test.

Frontiers in Cardiovascular Medicine

predict all-cause mortality in patients who undergo cardiac surgery
and to identify high-risk cardiac surgery patients to optimise their
post-acute hospital discharge care (18). Our study confirmed the
feasibility and safety of conducting the 6MWT in the early
postoperative period following CABG surgery. As an observational
study conducted in a single CR center, our research reducing the
variability of the test performance observed in multimember
studies. The results of the 6MWT were reported both as absolute
values in meters and as a percentage of the predicted value, based
on the reference equation previously published (8). It is important
to note that presenting the distance walked in these two distinct
formats (absolute value and percentage of predicted value) may
have significant clinical relevance.

Our data confirm previous findings that the 6MWD is
significant lower in females and elderly patients (19). This may
be attributed to the fact that males generally have greater height,
higher levels of physical activity, and larger muscle mass
compared to females. Additionally, age was negatively correlated
with 6MWD, likely due to the gradual decrease in muscle mass,
muscle strength, and maximum oxygen uptake that occurs with
advancing age. Height, weight, and BMI were positively
correlated with 6MWD, probably because taller individuals
usually have longer stride lengths, heavier individuals often have
greater muscle mass and strength, and a higher BMI may
indicate better overall body development and muscle mass, all of
which can contribute to increased walking distance. Furthermore,
we observed that the 6MWD was significantly shorter after
OPCAB surgery compared to MIDCAB surgery, which due to
the complexity of cardiac surgery procedure (4, 20). To the best
of our knowledge, there are no published reports on the effects
of inpatient CR on 6MWT performance in patients who
underwent OPCAB versus MIDCAB surgery. We hypothesize
that several factors, including reduced surgical trauma, fewer
bridging vessels, and shorter surgery time, may have contributed
to this difference (3).

In the present study, HR, BP, SpO,, and RR measured after the
6MWT were significantly positively correlated with the 6MWD,
potentially because these physiological indicators collectively
reflect the body’s overall capacity to respond to exercise-induced
stress. Besides, SpO, and DBP measured before the test were also
significantly positively correlated with the 6MWD, which was

frontiersin.org
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TABLE 5 Multiple regression analysis of the factors for 6MWT.

10.3389/fcvm.2025.1580442

‘ Unstandardized coefficients (B) Standardized coefficients (8)

Constant 11.157
Gender 53.722
Type of surgery —36.641
HRf, bpm 5.513
DBPi, mmHg 0.878
RRf, n —18.674
R square 0.187
Change in R square 0.176

36.950 0.763
0.256 10.146 <0.001
—0.203 8.721 <0.001
0.964 1.615 0.001
0.102 0.431 0.043
—0.812 6.474 0.004

Based on a forward stepwise multivariate linear regression analysis. Bold indicates a statistical difference.
SE, standard error; i, initial; f, final; HR, heart rate; DBP, diastolic blood pressure; RR, respiratory rate.

probably because these metrics provided insights into the patient’s
baseline cardiorespiratory function and circulatory support
capacity. Higher resting SpO, and DBP suggest that patients have
better oxygenation and circulatory function prior to exercise,
which in turn enables them to sustain longer walking distances
during the test (21).

Our findings demonstrate that early 6MWT performance
33% predicted)
significant physical impairment post-CABG. Crucially, the

(median 183 meters, reflects  clinically
test’s feasibility is supported by: (1) 0% test termination due to
adverse events (SpO,<85%, arrhythmia, or symptoms); (2)
completion by all 360 patients within 5+ 2 days post-surgery;
and (3) of modifiable predictors (e.g.,
postoperative HR/RR). These results validate 6MWT as a safe,

practical tool for quantifying functional capacity during

identification

inpatient CR. Early rehabilitation implemented resulted in
significant improvements in functional independence post-
CABG, which was similar to the findings in Han P et al’s
study and Ohbe H et al’s study (22, 23). We recommend its
integration into phase I CR protocols to guide individualized
exercise prescriptions for phase II rehabilitation, particularly
targeting high-risk subgroups (females, OPCAB
patients) with markedly reduced 6MWD.

There are several limitations in this study that warrant

elderly,

consideration. First, we did not account for the potential
impact of medical therapy on the distance walked at hospital
discharge. However, given that exercise tolerance was assessed
at the end of a relatively short in-hospital CR program (5 +2
days), it is unlikely that medical therapy optimization would
have significantly influenced the results. Second, although we
collected data on physiological variables at peak exercise
during the 6MWT, as well as symptoms and the number of
exercise interruptions, these measures were not formally
analyzed. This is because they were primarily obtained for
patient monitoring and safety purposes rather than for
detailed statistical analysis. Third, the 6MWD was expressed as
absolute distance (meters) and percentage of predicted values
using Enright’s equation (14). This equation was derived from
healthy populations.While it’s widely used, we acknowledge
with  healthy
populations. Bumrungkittikul et al. reported the independent

the limitations of making comparisons

predictors and equation of 6MWT in post-cardiac surgery, but
they predict 6MWT at 4-6 weeks after hospital discharge (24).

Frontiers in Cardiovascular Medicine

There is no universally applied equation for the predictive
value of 6MWT with reference to post-CABG patients during
phase I CR program. Results are thus reported as absolute
distance and % predicted to contextualize impairment severity.
Finally, due to time and staff constraints, we conducted the
6MWT only once for each patient. Previous studies have
demonstrated a learning effect in the initial three sessions of
the 6MWT, suggesting that a minimum of 2-3 tests should
ideally be performed to establish a reliable baseline (25-27).

In conclusion, the early 6MWD in patients following CABG
surgery during phase I CR program was described for the first
time. Our results demonstrate that the 6MWT is feasible and
well-tolerated in adult and older patients shortly after CABG
surgery. Additionally, inpatient phase I CR program
following CABG surgery are important determinants of
physical functional capacity outcomes. Our study supports the
use of the 6MWT as a valuable tool for assessing physical
functional  capacity = during inpatient  rehabilitation.
Furthermore, we provide useful reference for factors affecting
walking distance after CABG surgery, which may be used in
the clinical assessment of patients early after CABG surgery
and in the development of phase II CR program following
hospital discharge. Given these results, further research to
investigate interventions that can optimize gains in the 6MWT

performance after CABG surgery is warranted.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Medical
Ethics Committee, Beijing Anzhen Hospital, Capital Medical
China (KS2024003). The
accordance with the local

University, Beijing, studies were

conducted in legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fcvm.2025.1580442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wu et al.

Author contributions

YW: Data curation, Formal analysis, Investigation, Methodology,
Software, Writing - original draft, Writing - review & editing. BR: Data
curation, Formal analysis, Investigation, Writing - review & editing. JL:
Investigation, Supervision, Validation, Writing - review & editing. LC:
Resources, Supervision, Validation, Writing - review & editing. PL:
Resources, Supervision, Validation, Writing — review & editing. JW:
Funding acquisition, Project administration, Resources, Supervision,
Validation, Visualization, Writing — review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
funded by the Science and Technology Development Fund of

Beijing Municipal Administration of Traditional Chinese
Medicine (BJZYYB-2023-22).
Acknowledgments

Thanks to the members of Department of Cardiac

Rehabilitation Center and Minimally invasive Surgery Center,

References

1. Shi A, Tao Z, Wei P, Zhao J. Epidemiological aspects of heart diseases. Exp Ther
Med. (2016) 12:1645-50. doi: 10.3892/etm.2016.3541

2. Eagle KA, Guyton RA, Davidoff R, Edwards FH, Ewy GA, Gardner TJ, et al. ACC/
AHA 2004 guideline update for coronary artery bypass graft surgery: summary article:
a report of the American college of cardiology/American heart association task force
on practice guidelines (committee to update the 1999 guidelines for coronary artery
bypass graft surgery). Circulation. (2004) 110:1168-76. doi: 10.1161/01.Cir.
0000138790.14877.7d

3. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack M]J, et al.
Percutaneous coronary intervention versus coronary-artery bypass grafting for severe
coronary artery disease. N Engl ] Med. (2009) 360:961-72. doi: 10.1056/
NEJMo0a0804626

4. La Rovere MT, Pinna GD, Maestri R, Olmetti F, Paganini V, Riccardi G, et al. The
6-minute walking test and all-cause mortality in patients undergoing a post-cardiac
surgery rehabilitation program. Eur J Prev Cardiol. (2015) 22:20-6. doi: 10.1177/
2047487313502405

5. Kumar KR, Pina IL. Cardiac rehabilitation in older adults: new options. Clin
Cardiol. (2020) 43:163-70. doi: 10.1002/clc.23296

6. Giannitsi S, Bougiakli M, Bechlioulis A, Kotsia A, Michalis LK, Naka KK.
6-minute Walking test: a useful tool in the management of heart failure patients.
Ther Adv  Cardiovasc Dis. (2019) 13:1753944719870084. doi: 10.1177/
1753944719870084

7. Cacciatore F, Abete P, Mazzella F, Furgi G, Nicolino A, Longobardi G, et al.
Six-minute walking test but not ejection fraction predicts mortality in
elderly patients undergoing cardiac  rehabilitation  following  coronary
artery bypass grafting. Eur ] Prev Cardiol. (2012) 19:1401-9. doi: 10.1177/
1741826711422991

8. ATS Statement: guidelines for the six-minute walk tes. Am J Respir Crit Care Med.
(2002) 166:111-7. doi: 10.1164/ajrccm.166.1.at1102

9. Stephens RS, Whitman GJ. Postoperative critical care of the adult cardiac surgical
patient. Part I: routine postoperative care. Crit Care Med. (2015) 43:1477-97. doi: 10.
1097/ccm.0000000000001059

10. Cowie A, Buckley J, Doherty P, Furze G, Hayward J, Hinton S, et al. Standards
and core components for cardiovascular disease prevention and rehabilitation. Heart.
(2019) 105:510-5. doi: 10.1136/heartjnl-2018-314206

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1580442

Beijing Anzhen Hospital, Capital Medical University for the
generous help they offered.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Thompson PD, Arena R, Riebe D, Pescatello LS. ACSM’s new preparticipation
health screening recommendations from ACSM’s guidelines for exercise testing and
prescription, ninth edition. Curr Sports Med Rep. (2013) 12:215-7. doi: 10.1249/JSR.
0b013e31829a68cf

12. Opasich C, De Feo S, Pinna GD, Furgi G, Pedretti R, Scrutinio D, et al. Distance
walked in the 6-minute test soon after cardiac surgery: toward an efficient use in the
individual patient. Chest. (2004) 126:1796-801. doi: 10.1378/chest.126.6.1796

13. Hirschhorn AD, Richards D, Mungovan SF, Morris NR, Adams L. Supervised
moderate intensity exercise improves distance walked at hospital discharge following
coronary artery bypass graft surgery-a randomised controlled trial. Heart Lung
Circ. (2008) 17:129-38. doi: 10.1016/j.hlc.2007.09.004

14. Enright PL, Sherrill DL. Reference equations for the six-minute walk in healthy
adults. Am ] Respir Crit Care Med. (1998) 158:1384-7. doi: 10.1164/ajrccm.158.5.9710086

15. Todd IC, Ballantyne D. Antianginal efficacy of exercise training: a comparison
with beta blockade. Br Heart J. (1990) 64:14-9. doi: 10.1136/hrt.64.1.14

16. Schuler G, Hambrecht R, Schlierf G, Niebauer J, Hauer K, Neumann J, et al.
Regular physical exercise and low-fat diet. Effects on progression of coronary artery
disease. Circulation. (1992) 86:1-11. doi: 10.1161/01.cir.86.1.1

17. Clausen JP. Circulatory adjustments to dynamic exercise and effect of physical
training in normal subjects and in patients with coronary artery disease. Prog
Cardiovasc Dis. (1976) 18:459-95. doi: 10.1016/0033-0620(76)90012-8

18. Shawon MSR, Hsu B, Chard R, Nicholson IA, Elias VL, Nicola LK, et al. Six-
minute walk test distance at time of hospital discharge is strongly and
independently associated with all-cause mortality following cardiac surgery. Sci Rep.
(2024) 14:2493. doi: 10.1038/s41598-024-52601-7

19. Herdy AH, Marcchi PL, Vila A, Tavares C, Collago J, Niebauer J, et al. Pre- and
postoperative cardiopulmonary rehabilitation in hospitalized patients undergoing
coronary artery bypass surgery: a randomized controlled trial. Am ] Phys Med
Rehabil. (2008) 87:714-9. doi: 10.1097/PHM.0b013e3181839152

20. Sharaf M, Zittermann A, Sunavsky J, Gilis-Januszewski T, Rojas SV, Gétte J,
et al. Early and late outcomes after minimally invasive direct coronary artery bypass
vs. Full sternotomy off-pump coronary artery bypass grafting. Front Cardiovasc
Med. (2024) 11:1298466. doi: 10.3389/fcvm.2024.1298466

21. Kalinov R, Marinov B, Vladimirova-Kitova L, Hodzhev V, Kostianev S. The six-
minute walk test - a reliable test for detection of exercise-related desaturation in

frontiersin.org


https://doi.org/10.3892/etm.2016.3541
https://doi.org/10.1161/01.Cir.0000138790.14877.7d
https://doi.org/10.1161/01.Cir.0000138790.14877.7d
https://doi.org/10.1056/NEJMoa0804626
https://doi.org/10.1056/NEJMoa0804626
https://doi.org/10.1177/2047487313502405
https://doi.org/10.1177/2047487313502405
https://doi.org/10.1002/clc.23296
https://doi.org/10.1177/1753944719870084
https://doi.org/10.1177/1753944719870084
https://doi.org/10.1177/1741826711422991
https://doi.org/10.1177/1741826711422991
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1097/ccm.0000000000001059
https://doi.org/10.1097/ccm.0000000000001059
https://doi.org/10.1136/heartjnl-2018-314206
https://doi.org/10.1249/JSR.0b013e31829a68cf
https://doi.org/10.1249/JSR.0b013e31829a68cf
https://doi.org/10.1378/chest.126.6.1796
https://doi.org/10.1016/j.hlc.2007.09.004
https://doi.org/10.1164/ajrccm.158.5.9710086
https://doi.org/10.1136/hrt.64.1.14
https://doi.org/10.1161/01.cir.86.1.1
https://doi.org/10.1016/0033-0620(76)90012-8
https://doi.org/10.1038/s41598-024-52601-7
https://doi.org/10.1097/PHM.0b013e3181839152
https://doi.org/10.3389/fcvm.2024.1298466
https://doi.org/10.3389/fcvm.2025.1580442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wu et al.

patients with chronic obstructive pulmonary disease. Folia Med. (2023) 65:569-76.
doi: 10.3897/folmed.65.e85983

22.Han P, Yu H, Xie F, Li M, Chen X, Yu X, et al. Effects of early rehabilitation on
functional outcomes in patients after coronary artery bypass graft surgery: a
randomized controlled trial. J Int Med Res. (2022) 50:3000605221087031. doi: 10.
1177/03000605221087031

23. Ohbe H, Nakamura K, Uda K, Matsui H, Yasunaga H. Effect of early
rehabilitation on physical function in patients undergoing coronary artery bypass
grafting: a nationwide inpatient database study. J Clin Med. (2021) 10(4):618.
doi: 10.3390/jcm10040618

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2025.1580442

24. Bumrungkittikul J, Thirapatarapong W. Independent predictors and equation of
six-minute walk test in post-cardiac surgery. Heart Lung. (2023) 58:134-8. doi: 10.
1016/j.hrting.2022.12.002

25. Wu G, Sanderson B, Bittner V. The 6-minute walk test: how important is the
learning effect? Am Heart J. (2003) 146:129-33. doi: 10.1016/s0002-8703(03)00119-4

26. Elpern EH, Stevens D, Kesten S. Variability in performance of timed walk tests in
pulmonary rehabilitation programs. Chest. (2000) 118:98-105. doi: 10.1378/chest.118.1.98

27. Guyatt GH, Townsend M, Keller J, Singer J, Nogradi S. Measuring functional
status in chronic lung disease: conclusions from a randomized control trial. Respir
Med. (1989) 83:293-7. doi: 10.1016/50954-6111(89)80199-4

frontiersin.org


https://doi.org/10.3897/folmed.65.e85983
https://doi.org/10.1177/03000605221087031
https://doi.org/10.1177/03000605221087031
https://doi.org/10.3390/jcm10040618
https://doi.org/10.1016/j.hrtlng.2022.12.002
https://doi.org/10.1016/j.hrtlng.2022.12.002
https://doi.org/10.1016/s0002-8703(03)00119-4
https://doi.org/10.1378/chest.118.1.98
https://doi.org/10.1016/s0954-6111(89)80199-4
https://doi.org/10.3389/fcvm.2025.1580442
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Physical performance on the early 6-minute walk test in coronary artery bypass grafting patients during inpatient cardiac rehabilitation
	Introduction
	Materials and methods
	Study population
	6-min walking test (6MWT)
	Statistical analysis

	Results
	Demographic characteristics and the 6MWT results
	Percentage distribution of the 6MWD
	Associations with the 6MWD

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


