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Background: As cardio-vascular diseases are the leading cause of death worldwide, establishing measures to improve cardiovascular health is of crucial importance. Exercise plays an essential role in cardiac rehabilitation of patients with coronary artery disease (CAD), in whom an evaluation of the cardiorespiratory fitness (CRF) is necessary. CRF of CAD patients could be assessed using 6-min walk test (6MWT), and the results interpreted by using Enright-Sherill prediction equation which has mainly been designed and evaluated for a healthy population. Hypothesizing that the Enright-Sherill prediction equation might not be best suited for CAD patients, our aim was to reevaluate this equation in CAD patients, and potentially establish a more accurate 6MWD prediction equation to be applied in these patients.
Methods: 6MWD was measured in a cross-sectional study in 67 CAD patients (44 women) who were members of the Coronary club Ljubljana, Slovenia. In addition, the predicted 6MWD was calculated for men and women using Enright-Sherill gender specific regression equation. Multivariate regression analysis was used to obtain a new prediction equation, and the agreement between the measured and the predicted 6MWD analyzed using the repeated measures ANOVA.
Results: Men achieved 451 ± 122 m and women 485 ± 69 m without significant differences between sexes (F = 0.022, p = 0.882) when adjusted for age, height, body mass, and waist circumference. When comparing the measured (473 ± 91 m) and the predicted (422 ± 57 m) values of 6MWD in CAD patients we found that the Enright-Sherill prediction equation significantly (F = 27.734, p < 0.001) underestimated the 6MWD by 52 ± 81 m. A significant regression equation was established [F (3,63) = 44.663, p < 0.001], with a R2 of 0.680 where 6MWD equals 1,057 m—4.966 x age (years)—0.614 x WC (cm)–68.629 x NYHA class.
Conclusion: The results of this study stress the importance of regular and actual walking ability testing in patients with stable CAD to obtain their CRF, rather than simply predicting it from regression equations obtained from non-representative or non-comparable samples. Our developed prediction equation warrants additional validation and may represent a good substitute for currently used predictions obtained from a healthy population.
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INTRODUCTION
Six-min walk test (6MWT) is a simple field based functional test used to evaluate walking ability in healthy individuals (Casanova et al., 2011) and in patients with various diseases and of different age (Bohannon and Crouch, 2017). The main outcome of the test conducted indoor on a 30-m-long corridor with two turning points is 6-min walk distance (6MWT) (AmericanThoracicSociety, 2002). 6MWT is commonly used in outpatient cardiac rehabilitation programs as a follow-up tool to assess cardio-respiratory fitness (CRF) in patients with coronary artery disease (CAD) and congestive heart failure (Bellet et al., 2012). Studies have reported a good correlation between the 6MWD and clinical status of patients following cardiac rehabilitation, with a minimal clinically important difference of 25 m (Gremeaux et al., 2011), and clinically acceptable reproducibility (Gayda et al., 2004) in CAD patients. It has been suggested that 6MWD can predict future cardiovascular events in patients with stable CAD (Beatty et al., 2012). Moreover, the calculation of gait speed from 6MWT was suggested as a simple risk stratification tool in older CAD patients (Kamiya et al., 2017).
Life-long outpatient cardiac rehabilitation of CAD patients in Slovenia has a 35-year-long tradition of patient organizations (i.e., coronary clubs), which provide supervised exercise training, psychosocial support, access to verified health-related information and continual control of risk factors. The country-wide network encompasses 17 regional coronary clubs located in 81 towns throughout the country, including 153 exercise groups with 3.818 active members (Hadzic et al., 2017). Within those clubs, the 6MWT is performed annually to evaluate CRF of CAD patients. The real achieved 6MWD of a patient is usually compared with the estimated 6MWD, that is calculated from a prediction equation, and the data are presented as a percentage of the predicted value. This comparison is necessary to interpret the fitness status of an individual patient and to modify his exercise plan accordingly.
A thorough systematic review has identified 17 different prediction equations from a healthy population in which the estimated independent predictors of the 6MWD were (depending on the particular equation used) body height, weight, age, sex, and the heart rate assessed during the test, but it was concluded that there are large differences in the predicted distance among the studies (Singh et al., 2014). However, prediction equations based on the predictors obtained from patients are lacking, and the measured values in CAD patients are usually compared to a prediction acquired from a healthy population. Accordingly, evaluation of the CRF based on prediction of 6MWD in an individual patient might be a source of error, as the predicted 6MWD may overestimate or underestimate the true walking ability of the patient, depending on specific equations used in practice. Therefore, we believe that it is necessary to establish a more accurate and specific equation for specific target groups which could be more reliable to use in clinical practice than the commonly used equations based on the data from a healthy population. This is clinically important, as in clinical practice overestimation of patient’s ability may lead to adverse cardiovascular events with exercise (Goodman et al., 2013). On the other hand, underestimation may also affect exercise prescription in patients, causing them to exercise with intensity and volume below the threshold necessary to achieve any improvements.
The main goal of our study was to reevaluate the accuracy of the Enright-Sherill equation (Enright and Sherrill, 1998) which is currently used for prediction of 6MWD in CAD patients in regional coronary clubs. Moreover, we aimed to establish a new multivariate regression model including the commonly used independent predictors of 6WMD, potentially applicable for further validation.
In our regression model, we aimed at including some additional predictors that have not been tested before and we believe might improve the accuracy of the predicted 6MWD, such as waist circumference (WC) and the New York Heart Association (NYHA) class of the patient. WC and waist to height ratio (WHtR) were both shown to have the best discriminatory power in predicting cardiovascular risk factors compared to other indices such as body mass, body height and body mass index (Correa et al., 2016). Moreover, NYHA classification (I–IV), based on patient’s and physician’s assessment of cardiac symptoms including dyspnea, angina, and fatigue at different levels of physical activity, has been mostly used in clinical practice, and studies have stressed a need for a better understanding of the relationship between NYHA class and 6MWD (Yap et al., 2015). We believe that NYHA should be taken into consideration when assessing CRF in CAD patients, and above all, designing their individual rehabilitation program. Accordingly, we hypothesized that NYHA and potentially anthropometric parameters, such as WC and/or WHtR class might importantly contribute to the prediction of 6WMD in CAD patients.
MATERIALS AND METHODS
Participants
This was a cross-sectional study enrolling 67 CAD patients (44 women, 23 men) from the regional coronary club (Ljubljana, Slovenia). All patients have provided written informed consent to participate during their regular annual CRF testing. The study was approved by the Board of Ethics in Sport at the Faculty of Sport in Ljubljana (number 9/2020-491), and accordant to the principles outlined in the Declaration of Helsinki.
Most of the patients had suffered an ischemic heart attack (52%), 24% had percutaneous coronary intervention, and 15% coronary artery bypass grafting. Most common comorbidities were arterial hypertension (65%) and hyperlipidemia (45%). Patients were classified into different NYHA classes by their treating cardiologist based on clinical appraisal and history of exertion-related symptom onset (I–no limitation of physical activity; II–slight limitation with ordinary physical activity yielding fatigue, palpitation, dyspnea or other cardiovascular symptoms; III–marked limitation; IV–unable to carry out any physical activity without symptoms). There were 11 (16%), 35 (52%) and 21 (31%) patients in NYHA I, NYHA II and NYHA III class, respectively. Patients from NYHA IV class did not participate in the study.
Measurements
All measurements including the 6MWT were performed at the gym of the regional coronary club. Prior to 6MWT, we have measured body height and body mass using a stadiometer and a medical scale (models 222 and 762, respectively; Seca Instruments Ltd., Hamburg, Germany). WC was measured using a tape-meter and according to the WHO STEPwise Approach to Surveillance protocol (STEPS) at the midpoint between the lower border of the rib cage and the iliac crest (Albu et al., 2010).
6MWT was conducted according to the guidelines of the American Thoracic Society (AmericanThoracicSociety, 2002). In general, the test was performed in a 30-m-long corridor free of obstacles, with two turning points and marks placed at a 3-m distance from each other (AmericanThoracicSociety, 2002). Patients were instructed to walk as far as possible for 6 min around the given course, covering as much ground as possible during that time. There was no warm-up prior to the test, and all participants were resting for 10 minutes before starting the test. We have calculated the predicted 6MWD from Enright-Sherill sex specific regressions equations (Enright and Sherrill, 1998) for men and women: for men, 6MWD = (7.57 x height cm)–(5.02 x age)–(1.76 x weight kg)–309 m, and for women, 6MWD = (2.11 x height cm)–(2.29 x weight kg)–(5.78 x age) + 667 m. 6MWD = (0.88 x height cm)–(2.11 x weight kg)–(5.44 x age) + 896 m.
Statistical Analysis
All data were analyzed using the IBM SPSS Software for Windows (version 25, SPSS Inc., Chicago, Illinois, United States). Categorical variables are displayed as numbers and percentages, while continuous variables as means and standard deviations. All numeric variables were firstly checked for normality of distribution with Shapiro-Wilk`s test.
The agreement between the measured and the predicted 6-min walk test distance was first analyzed using Bland–Altman analysis (Ranganathan et al., 2017). Repeated measures ANOVA was used to analyze differences between measured and predicted 6MWD. The differences in 6MWD between different groups (e.g., men vs. women, different NYHA classes, etc) were assessed using univariate analysis of variance adjusted for specified covariates (age, height, body mass and WC). Bonferroni correction for multiple comparisons was used when appropriate. The reported effect size from univariate model was partial eta squared. We have performed repeated linear regression calculation first adding individual predictors and then combining significant ones into the final multiple linear regression model. We have examined potential collinearity, and we present only models with variance inflation factor below 2. A significance level of 0.05 was used for all tests. An a priori sample size calculation for multiple linear regression model (fixed model, R2 deviation from zero) was conducted using G*Power3 (Faul et al., 2009) using a large effect size (d = 0.35), an alpha of 0.05 and three predictors. The result showed that a total sample of 54 participants and critical F value of 2.79 was required to achieve a power of 0.95.
RESULTS
Basic CAD patient characteristics are presented in Table 1. The results of the measured 6MWD in CAD patients, classified according to different parameters are presented in Table 2.
TABLE 1 | Basic characteristics of the patients with coronary artery disease (CAD).
[image: Table 1]TABLE 2 | Six-minute walk distance in coronary artery disease (CAD) patients.
[image: Table 2]Men reached 451 ± 122 m and women 485 ± 69 m without significant differences between sexes (F = 0.022, p = 0.882) when adjusted for age, height, body mass, and WC. Moreover, even in the unadjusted univariate model there were no statistically significant differences between sexes (F = 2.093, p = 0.153). Hence, all further regression analyses were performed without differentiating for sex. On the other hand, the covariates WC (F = 5.07, p = 0.028) and age (F = 39.46, p < 0.001) were significant predictors of 6MWD in this population.
When analyzing the agreement between the predicted and the measured 6MWD using Bland-Altman plot (Figure 1) the prediction equation underestimated the performance in CAD patients for 52 ± 81 m.
[image: Figure 1]FIGURE 1 | Bland–Altman plot of agreement between the predicted and the measured 6-min walk distance (6MWD). The upper and lower limits of agreement are generally drawn at 1.96 standard deviations (of observed inter-observer differences) above and below the line representing the mean difference (solid line); dotted line is set at zero.
This finding was further confirmed when comparing the measured (473 ± 91 m) and the predicted (422 ± 57 m) values of 6MWD in CAD patients using repeated measures ANOVA. We found that the Enright-Sherill prediction equation significantly (F = 27.734, p < 0.001) underestimated the 6MWD by 52 ± 81 m. Significantly large effect differences in 6MWD were found for different NYHA classes (F = 14.7, p < 0001, effect size = 0.329) where, as expected, patients from NYHA I were performing significantly better than patients from NYHA II (p = 0.029) and NYHA III (p < 0.001), and NYHA II patients significantly better than NYHA III patients (p < 0.001). We found no significant differences in the measured 6MWD among different BMI (p = 0.829) or WHtR (p = 0.270) categories.
In the single linear regression, only age and NYHA class were significant predictors of 6MWD (Table 3). All multiple regression models including these two predictors were significant, but the highest R2 was obtained in the model based on age, WC and NYHA class. Based on this model, a significant regression equation was developed [F (3,63) = 44.663, p < 0.001], with a R2 of 0.680. Respectively, our predicted 6MWD in patients equals 1,057 m—4.966 x age (years)—0.614 x WC (cm) - 68.629 x NYHA class, where NYHA class is coded as NYHA I = 1, NYHA II = 2, NYHA III = 3, age is measured in years and WC in centimeters (Figure 2). 6MWD decreased by about 5 m per each year of age, 0.6 m per every centimeter of WC and NYHA I patients walked approximately 69 and 138 m more than NYHA II and NYHA III patients, respectively. Moreover, the regression model considering only age and NYHA class (but not WC) was also significant, with a R2 of 0.675.
TABLE 3 | Single and multiple linear regression model for the prediction of 6MWD in CAD patients.
[image: Table 3][image: Figure 2]FIGURE 2 | A prediction of the 6-min walk distance (6MWD) in the adjusted multiple linear regression model. WC–waist circumference; NYHA–New York Heart Association. See text for details.
DISCUSSION
The main finding of our study is a new significant regression model explaining 68% of the 6MWD in CAD patients. Accordingly, our prediction equation could be used to evaluate patient performance after conducting a 6MWT. Our results also indicate that: 1) there are no significant differences in 6MWD between men and women with CAD; 2) the Enright-Sherill prediction equation for 6MWD underestimates CAD patient performance on 6MWT; and 3) NYHA class and WC play a significant role in the prediction of 6MWD in CAD patients. To the best of our knowledge, this is the first study to provide such a prediction equation for 6MWD assessment in CAD patients.
Although the Enright- Sherrill prediction equation (Enright and Sherrill, 1998) is adjusted for sex and proposes different calculation of 6MWD for men and women, we found no significant impact of sex on 6MWD in CAD patients. Although studies published in the past 10 years which assessed 6MWT in CAD patients (Table 4) were not analyzing sex related differences, it is worth nothing that they did not report 6MWD separately for men and women (Babu et al., 2010; Worringham et al., 2011; Beatty et al., 2012; Gremeaux et al., 2012; Wu et al., 2013; Lv et al., 2015; Yuniadi et al., 2016; Compostella et al., 2017; Waite et al., 2017; Stewart et al., 2018; Rocco et al., 2019; de Bakker et al., 2020). This finding could indicate that a uniform prediction equation should rather be used in the population of CAD without the need to calculate percentage of prediction differently for men and women. Furthermore, a pooled mean 6MWD that we calculated from previous studies (Table 4) was 454 ± 85 m and was not significantly different from the one that we are reporting [t (2,666) = 1.777, p = 0.08], indicating that the mean 6MWD obtained from our sample is within limits of previously reported values. We would like to highlight that in our study, the mean difference between men and women was 34 m, and that although not significant, this difference was above the reported minimal clinically important difference of 25 m (Gremeaux et al., 2011). However, the study by Gremeaux et al. (2011) included 81 patients of which 77 were men, that could partially explain the discrepancy between the two studies.
TABLE 4 | Six-minute walk distance (6MWD) in patients with coronary heart disease.
[image: Table 4]Probably the most interesting finding is the fact that the Enright-Sherill prediction equation, obtained from a healthy population, underestimates the measured performance in CAD patients by 52 m shown by Bland-Altman limits of agreement analysis, meaning that the two procedures (prediction and actual measurement) cannot be used as substitutes for each other. Considering that the reported minimal clinically important difference for 6MWD is 25 m (Gremeaux et al., 2011), we may conclude that the underestimation is both statistically (p < 0.001) and clinically significant. When 6MWT is performed in outpatient setting, the results are interpreted to patients as a percentage of the predicted value of 6MWD, which means that in our case we would wrongly classify patient’s CRF for no objective reason. This may decrease patient’s motivation for exercise, as the patient may wrongly percept his performance as clinically acceptable, although he might indeed perform better. Therefore, we conclude that additional properly powered studies are warranted using this proposed, population specific prediction equation to evaluate if it is a more appropriate approach for evaluation and follow-up of CRF in CAD patients. Moreover, the fact that the predicted 6MWD assessed by Enright-Sherill equation underestimated the real 6MWD in patients puts into question the relevance of the equation also in a healthy population and exposes a need for a re-evaluation.
As expected, NYHA class significantly affected the CAD patients’ performance (Table 2). In NYHA 1, where there is no limitation of physical activity and where moderate physical activity does not cause undue fatigue, palpitation and/or dyspnea, the 6MWD was 587 ± 31 m. In NYHA II, where slight limitation of physical activity and comfort at rest exist, the 6MWD was below 500 m (494 ± 28 m), and in NYHA III where there are marked limitations of physical activity with important cardio-respiratory symptoms, 6MWD was below 400 m (385 ± 100 m). In a previous study (Yap et al., 2015), authors did not report any significant differences between NYHA I and II (420 vs. 393 m; p = 0.416), but they did report significant differences in mean 6MWD between NYHA II and III (393 vs. 321 m; p = 0.014) and III and IV (321 vs. 224 m; p = 0.027), respectively. In the best regression prediction model obtained in our study the performance in 6MWT has decreased by 69 m for each change in NYHA class. This has not been shown in any study performed so far. Based on this finding we believe that clinical classification of the heart function performed by cardiologist is crucial to predict and evaluate CRF in this population.
Our calculated regression model that includes age, NYHA class and WC has explained 68% of the variance (with a R2 = 0.680) of 6MWD in CAD patients which is much better than the 40% variance explained by the Enright-Sherill equation obtained in a healthy population. Compared to other prediction equations based on a healthy population data (Singh et al., 2014) where R2 ranged from 0.09 to 0.77, only three studies reported an equation with R2 larger than 0.68 (Poh et al., 2006; Ben Saad et al., 2009; Casanova et al., 2011).
Finally, we would like to stress some strengths and limitations of our study. We have included several important predictors that have not been used previously. We believe that the proposed equation is very feasible given that all predictors are assessed routinely. However, although powered enough the sample size in our study was still relatively small (N = 66; sample size calculation was N = 54). Nevertheless, seven of 13 similar studies conducted so far (Table 4) included a smaller sample size. Although some could still consider our sample size as a limitation for the accuracy of estimated regression coefficients, studies have also confirmed that even two events per variable can be enough for adequate estimation of regression coefficients, standard errors, and confidence intervals (Austin and Steyerberg, 2015). Another thought worth noting is the fact that in our sample, the number of female participants far outranged the number of male participants, although the prevalence of cardiovascular diseases is usually higher in males. The sex difference in prevalence of CAD diminishes in older age. In addition, it seems that less males than females usually participate in rehabilitation programs, and females are more adherent. This observation urges for additional studies encompassing larger, population representative samples and stresses the need for a more efficient promotion of importance of cardiovascular rehabilitation, especially targeting male population.
In conclusion, we have provided a new prediction equation based on multivariate regression model for 6 MWD estimation, considering the variables age, NYHA class and WC as predictors. To the best of our knowledge, this is the first study to challenge prediction of 6MWD using this approach. The prediction equation developed in this study may represent a good substitute for currently used predictions from healthy population in order to avoid the possibility of underestimation or overestimation of patient performance. However, it should be stressed that our results are not providing evidence for this, as analysis of proposed equation in an independent CAD patients sample is necessary for validation and potential clinical use. Nevertheless, the results of our study stress the importance of regular and actual walking ability testing in patients with stable CAD to obtain their CRF, rather than simply predicting it from regression equations obtained from non-representative or non-comparable samples. Actual testing and better data interpretation using more objective prediction equation enables a more realistic and obtainable exercise goal setting in CAD patients.
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 human participants were reviewed and approved by Board of Ethics in Sport at the Faculty of Sport in Ljubljana (number 9/2020-491). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
Conceptualization, HL, AN, and VH; Investigation, AN, DK, and MV; Methodology, VH, HL, MS, and BJ; Formal analysis, VH; Original draft preparation, HL and VH, Writing—review and editing, HL, AN, BJ, ED, DK, MV, MS, and VH. All authors have read and agreed to the published version of the manuscript.
FUNDING
The study was supported by the Slovenian Research Agency through projects P5-0147, P5-0142, P3-0019 and V5-2101.
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.
ACKNOWLEDGMENTS
We would like to thank the Coronary club Ljubljana for help during recruitment of patients for this study, and all the participants who volunteered in the study.
REFERENCES
 Albu J. B., Lu J., Mooradian A. D., Krone R. J., Nesto R. W. Porter M. H., et al. (2010). Relationships of Obesity and Fat Distribution with Atherothrombotic Risk Factors: Baseline Results from the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) Trial. Obesity (Silver Spring) 18, 1046–1054. doi:10.1038/oby.2009.339
 AmericanThoracicSociety (2002). ATS Statement: Guidelines for the Six-Minute Walk Test. Am. J. Respir. Crit. Care Med. 166, 111–117. doi:10.1164/ajrccm.166.1.at1102
 Austin P. C., Steyerberg E. W. (2015). The Number of Subjects Per Variable Required in Linear Regression Analyses. J. Clin. Epidemiol. 68, 627–636. doi:10.1016/j.jclinepi.2014.12.014
 Babu A., Noone M., Haneef M., Naryanan S. (2010). Protocol-Guided Phase-1 Cardiac Rehabilitation in Patients with ST-Elevation Myocardial Infarction in A Rural Hospital. Heart Views 11, 52–56. doi:10.4103/1995-705x.73209
 Beatty A. L., Schiller N. B., Whooley M. A. (2012). Six-minute Walk Test as a Prognostic Tool in Stable Coronary Heart Disease: Data from the Heart and Soul Study. Arch. Intern. Med. 172, 1096–1102. doi:10.1001/archinternmed.2012.2198
 Bellet R. N., Adams L., Morris N. R. (2012). The 6-minute Walk Test in Outpatient Cardiac Rehabilitation: Validity, Reliability and Responsiveness-A Systematic Review. Physiotherapy 98, 277–286. doi:10.1016/j.physio.2011.11.003
 Ben Saad H., Prefaut C., Tabka Z., Hadj Mtir A., Chemit M. Hassaoune R., et al. (2009). 6-minute Walk Distance in Healthy North Africans Older Than 40 years: Influence of Parity. Respir. Med. 103, 74–84. doi:10.1016/j.rmed.2008.07.023
 Bohannon R. W., Crouch R. (2017). Minimal Clinically Important Difference for Change in 6‐minute Walk Test Distance of Adults with Pathology: a Systematic Review. J. Eval. Clin. Pract. 23, 377–381. doi:10.1111/jep.12629
 Casanova C., Celli B. R., Barria P., Casas A., Cote C. De Torres J. P., et al. (2011). The 6-min Walk Distance in Healthy Subjects: Reference Standards from Seven Countries. Eur. Respir. J. 37, 150–156. doi:10.1183/09031936.00194909
 Compostella L., Compostella C., Truong L. V. S., Russo N., Setzu T. Iliceto S., et al. (2017). History of Erectile Dysfunction as a Predictor of Poor Physical Performance after an Acute Myocardial Infarction. Eur. J. Prev. Cardiolog 24, 460–467. doi:10.1177/2047487316686434
 Corrêa M. M., Thumé E., De Oliveira E. R. A., Tomasi E. (2016). Performance of the Waist-To-Height Ratio in Identifying Obesity and Predicting Non-communicable Diseases in the Elderly Population: A Systematic Literature Review. Arch. Gerontol. Geriatr. 65, 174–182. doi:10.1016/j.archger.2016.03.021
 de Bakker M., Uijl I. D., Hoeve N. T., Van Domburg R., Geleijnse M. L. Van Den Berg-Emons R. J. G., et al. (2020). The Association between Exercise Capacity and Health-Related Quality of Life during and after Cardiac Rehabilitation in Acute Coronary Syndrome Patients: a Substudy of the OPTICARE Randomized Controlled Trial. Arch. Phys. Med. Rehabil. 101 (4), 650–657. doi:10.1016/j.apmr.2019.11.017
 Enright P. L., Sherrill D. L. (1998). Reference Equations for the Six-Minute Walk in Healthy Adults. Am. J. Respir. Crit. Care Med. 158, 1384–1387. doi:10.1164/ajrccm.158.5.9710086
 Faul F., Erdfelder E., Buchner A., Lang A.-G. (2009). Statistical Power Analyses Using G*Power 3.1: Tests for Correlation and Regression Analyses. Behav. Res. Methods 41, 1149–1160. doi:10.3758/brm.41.4.1149
 Gayda M., Temfemo A., Choquet D., Ahmaı̈di S. (2004). Cardiorespiratory Requirements and Reproducibility of the Six-Minute Walk Test in Elderly Patients with Coronary Artery Disease 11No Commercial Party Having a Direct Financial Interest in the Results of the Research Supporting This Article Has or Will Confer a Benefit upon the Author(s) or upon Any Organization with Which the Author(s) Is/are Associated. Arch. Phys. Med. Rehabil. 85, 1538–1543. doi:10.1016/j.apmr.2003.11.037
 Goodman J., Thomas S., Burr J. F. (2013). Physical Activity Series: Cardiovascular Risks of Physical Activity in Apparently Healthy Individuals: Risk Evaluation for Exercise Clearance and Prescription. Can. Fam. Physician 59, e46–e10. 
 Gremeaux V., Hannequin A., Laroche D., Deley G., Duclay J., Casillas J. (2012). Reproducibility, Validity and Responsiveness of the 200-metre Fast Walk Test in Patients Undergoing Cardiac Rehabilitation. Clin. Rehabil. 26, 733–740. doi:10.1177/0269215511427750
 Gremeaux V., Troisgros O., Benaïm S., Hannequin A., Laurent Y. Casillas J.-M., et al. (2011). Determining the Minimal Clinically Important Difference for the Six-Minute Walk Test and the 200-meter Fast-Walk Test during Cardiac Rehabilitation Program in Coronary Artery Disease Patients after Acute Coronary Syndrome. Arch. Phys. Med. Rehabil. 92, 611–619. doi:10.1016/j.apmr.2010.11.023
 Hadzic V., Novak A., Pokleka P., Simpson Grom P., Sintler V. Zvan M., et al. (2017). “Six Minute Walk Distance in Patients with Stable Coronary Heart Disease in Slovenia,” in 13th Annual Meeting and 8th Conference of HEPA Europe (Zagreb: Faculty of Kinesiology). 
 Kamiya K., Hamazaki N., Matsue Y., Mezzani A., Corra U. Matsuzawa R., et al. (2017). Gait Speed Has Comparable Prognostic Capability to Six-Minute Walk Distance in Older Patients with Cardiovascular Disease. Eur. J. Prev. Cardiol. 25, 2047487317735715. doi:10.1177/2047487317735715
 Lv Y., Pan Y., Gao Y., Lu J., Li Y. Bai J., et al. (2015). Effect of Danhong Injection Combined with Naoxintong Tablets on Prognosis and Inflammatory Factor Expression in Acute Coronary Syndrome Patients Undergoing Percutaneous Coronary Intervention. Acta Cardiol. Sin 31, 301–307. doi:10.6515/acs20150502a
 Poh H., Eastwood P. R., Cecins N. M., Ho K. T., Jenkins S. C. (2006). Six-minute Walk Distance in Healthy Singaporean Adults Cannot Be Predicted Using Reference Equations Derived from Caucasian Populations. Respirology 11, 211–216. doi:10.1111/j.1440-1843.2006.00820.x
 Ranganathan P., Pramesh C., Aggarwal R. (2017). Common Pitfalls in Statistical Analysis: Measures of Agreement. Perspect. Clin. Res. 8, 187–191. doi:10.4103/picr.picr_123_17
 Rocco I. S., Viceconte M., Pauletti H. O., Matos-Garcia B. C., Marcondi N. O. Bublitz C., et al. (2019). Oxygen Uptake On-Kinetics during Six-Minute Walk Test Predicts Short-Term Outcomes after Off-Pump Coronary Artery Bypass Surgery. Disabil. Rehabil. 41, 534–540. doi:10.1080/09638288.2017.1401673
 Singh S. J., Puhan M. A., Andrianopoulos V., Hernandes N. A., Mitchell K. E. Hill C. J., et al. (2014). An Official Systematic Review of the European Respiratory Society/American Thoracic Society: Measurement Properties of Field Walking Tests in Chronic Respiratory Disease. Eur. Respir. J. 44, 1447–1478. doi:10.1183/09031936.00150414
 Stewart R. A. H., Szalewska D., Stebbins A., Al-Khalidi H. R., Cleland J. G. H. Rynkiewicz A., et al. (2018). Six-minute Walk Distance after Coronary Artery Bypass Grafting Compared with Medical Therapy in Ischaemic Cardiomyopathy. Open Heart 5, e000752. doi:10.1136/openhrt-2017-000752
 Waite I., Deshpande R., Baghai M., Massey T., Wendler O., Greenwood S. (2017). Home-based Preoperative Rehabilitation (Prehab) to Improve Physical Function and Reduce Hospital Length of Stay for Frail Patients Undergoing Coronary Artery Bypass Graft and Valve Surgery. J. Cardiothorac. Surg. 12, 91. doi:10.1186/s13019-017-0655-8
 Worringham C., Rojek A., Stewart I. (2011). Development and Feasibility of a Smartphone, ECG and GPS Based System for Remotely Monitoring Exercise in Cardiac Rehabilitation. PLoS One 6, e14669. doi:10.1371/journal.pone.0014669
 Wu E., Mårtensson J., Broström A. (2013). Enhanced External Counterpulsation in Patients with Refractory Angina Pectoris: a Pilot Study with Six Months Follow-Up Regarding Physical Capacity and Health-Related Quality of Life. Eur. J. Cardiovasc. Nurs. 12, 437–445. doi:10.1177/1474515112468067
 Yap J., Lim F. Y., Gao F., Teo L. L., Lam C. S. P., Yeo K. K. (2015). Correlation of the New York Heart Association Classification and the 6-Minute Walk Distance: A Systematic Review. Clin. Cardiol. 38, 621–628. doi:10.1002/clc.22468
 Yuniadi Y., Kusnadi Y., Sandhow L., Erika R., Hanafy D. A. Sardjono C., et al. (2016). Progenitor Hematopoietic Cells Implantation Improves Functional Capacity of End Stage Coronary Artery Disease Patients with Advanced Heart Failure. Cardiol. Res. Pract. 2016, 3942605. doi:10.1155/2016/3942605
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.
Copyright © 2022 Lenasi, Novak, Jug, Dervišević, Karpljuk, Videmšek, Sorić and Hadžić. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-13-844847-t003.jpg
Constant distance (meters)

1,090
442
410
608
695
1,181

1,302

1,218

1,255

1,067

989

MWD, 6-min walk distance: NYHA. New York Heart Association: WC,

Predictors

Age
Body mass
Body height
we
NYHA class

Age
Body mass

Age
Height

Age
Height
we

Age
we

Age
WC
NYHA class

Age
NYHA class

Regression Model

Coefficient

-8.162
0.421
0.389
-1.388
-102.593

-8.583
-0.782

-8.213
-1.174

-8.213
0.265
-1.734

-8.162
-1.62

-4.966
-0.614
-68.629

-4.738
-72.607

waist circumference.

95% CI

929.46; 1,250.95
-1.067; 1.909
-2.234;3.011

.505

~-125.041; -80.144

-3.281;

-10.76; -6.397
-1.896; 0.332

-10.59; -6.10
-3.11;0.76

; —49.326

p-value

<0.001
0.574
0.768
0.148
<0.001

<0.001
0.166

<0.001
0.230

<0.001
0.822
<0.001

<0.001
0.019

<0.001
0.295
<0.001

<0.001
<0.001

Adjusted
R2 (model p-value)

0.477 (<0.001)
0.005 (0.574)
0.001 (0.768)
0032 (0.148)

0562 (<0.001)

0.493 (<0.001)

0.489 (<0.001)

0.521 (<0.001)

0.521 (<0.001)

0.680 (<0.001)

0675 (<0.001)





OPS/images/fphys-13-844847-t004.jpg
Author

Current study
de Bakker
Stewart
Rocco
Waite
Compostella
Gremeaux
Yuniadi

Lv

Wu

Beatty
Gremeaux
Worringham
Babu

Year

2020
2020
2018
2019
2017
2017
2011
2016
2015
2013
2013
2012
2011
2010

607
875
52
1
139
81
26
43
34
556
30
134
15

males/females
males/females
males/females
males/females
males/females
males

males/females
males/females
males/females
males/females
males/females
males/females
males/females
males/females

Mean

473
563
340
443
237
520
488
352
513
439
481
490
524
470

6MWD (meters)

Std. dev

91
7
17
62
147
114

90
94
87
36
33

151





OPS/images/fphys-13-844847-t001.jpg
Age (yrs)

Body mass (kg)

Body height (cm)

Waist circumference (cm)
Body mass index (kg/m2)
Waist to height ratio

vrs-years: SD, standard deviation.

Males (N = 23)
Mean sD
765 7.8
84.9 127
1715 6.9

104 9

2875 300
060 004

Females (N = 44)
Mean sD

75.1 7.7
72 14.2
168.1 5.1
93 "
28.34 4.65
0.59 0.06

Overall (N = 67)
Mean

756
759
162.7
96.6
28.48
0.59

sD

77
15.1
8.6
M.z
4.14
0.06





OPS/images/fphys-13-844847-t002.jpg
Parameter 6MWD (meters)
Mean sp

Sex Men 451 122
Women 485 69
Test vs. Enright prediction Measured 473 91
Predicted 422 57
NYHA classes Class | 587> 31
Class I 4940 28
Class Il 385 100
BMI categories BMI 18.5-24.9 (normal) 458 %
BMI 25-0-29.9 (overweight) 471 %9
BMI >30 (obese) 487 72
WHR categories WHIR <0.5 (no increased risk) 501 20
WHIR 20.5 and <0.6 (increased risk) 497 81
WHIR >0.6 (very high risk) 446 %

NYHA, New York Heart Association; BMI, body mass index; WHIR, Waist to Height Ratio; 6MWD, 6-min wak distance; SD, standard deviation.
“significantly higher measured value; see text for defails.

“significantly higher than NYHA Il, and NYHA Il see text for details.

esignificantly higher than NYHA Ill: see text for details.





OPS/xhtml/nav.xhtml
Contents

		Cover

		An Alternative Prediction Equation for Evaluation of Six-Minute Walk Distance in Stable Coronary Artery Disease Patients		Introduction

		Materials and Methods		Participants

		Measurements

		Statistical Analysis





		Results

		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		References









OPS/images/cover.jpg
frontiers
in Physiology

An Alternative Prediction
Equation for Evaluation of Six-
Minute Walk Distance in Stable
Coronary Artery Disease Patients





OPS/images/fphys-13-844847-g001.gif
BRSPS BIOGICHNG CHNTD < HRG0Ores D tmeeen)






OPS/images/fphys-13-844847-g002.gif
DependantVansble: MWD (maters)

1057 - 405 051« e 038










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Physiology





