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Background: Despite improvements in treatment approaches, acute decompensated heart failure (ADHF) continues to have a high rate of early 

readmissions. Currently, the majority of prognostic models examining ADHF patients utilize static clinical parameters to identify patients who 

are at risk, but they tend to miss the patients categorized as "high-risk." The 6-minute walk test (6MWT) is simple, inexpensive, and effective 

in measuring an individual's functional capacity and might provide more prognostic information. Material and Methods: A Prospective 

Observational Study was conducted on 51 patients admitted for First-Episode ADHF to Teerthanker Mahaveer Medical College and Research 

Centre, Moradabad, India. Information regarding demographics, clinical, laboratory, and echocardiographic values was taken. All patients 

performed a standardized 6MWT before discharge, and the 6MWD was recorded. All patients were followed for the outcome of all-cause 

readmissions for 90 days post-discharge. Statistical tests included Welch's t-tests, Pearson's correlation, Receiver Operating Characteristics 

(ROC) curve analysis, and logistic regressions. Results: The mean age was 56.3 ± 11.3 years, with 51% male. The mean 6MWD was 364.6 ± 

122.2 m. Of the 90 days after discharge, 33 patients (64.7%) were readmitted. Readmitted patients had a mean lower 6MWD than patients 

without readmission (298.5 ± 90.3 m vs 485.8 ± 67.5; p < 0.001). The ROC analysis identified a 360 m threshold to determine readmission 

status with the highest accuracy (AUC = 0.76; sensitivity = 69%, specificity = 72%). Logistic regression demonstrated that a 10 m decrease in 

6MWD increased the odds of readmission by 40% (OR = 1.40; 95% CI 1.14–1.72; p = 0.001). Conclusion: Decreased discharge 6MWD 

significantly predicts early readmission in ADHF. Assessing 6MWT during discharge may help identify patients at high risk of readmission for 

further follow-up and targeted intervention. 
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INTRODUCTION 
 

Globally, heart failure (HF) continues to be a large 

proportion of hospitalizations and re-hospitalizations, a 

public health concern for the healthcare system and 

individuals. Even with progress in the delivery and 

implementation of evidence-based therapies, almost one in 

three patients with acute decompensated heart failure 

(ADHF) will be readmitted within 90 days of release, which 

has devastating implications on morbidity and mortality.[1,2] 

Currently used risk prediction models only consider clinical 

parameters (age, comorbidities, or left ventricular ejection 

fraction (LVEF) at a fixed point in time and often neglect the 

overall residual burden of disease or functional recovery 

status at discharge.[3,4] 

Many studies now support the importance of assessing 

functional capacity as a dynamic and holistic marker of 

prognosis in HF. Functional performance, which 

incorporates cardiac reserve and musculoskeletal, 

pulmonary, and metabolic status, influences outcomes and 

events after hospital discharge.[5,6] The Six-Minute Walk Test 

(6MWT), although fluidly defined, can be viewed as a 

simple, safe, and reproducible bedside assessment of 

submaximal exercise capacity, requiring minimal equipment that 

can be easily utilized before discharge and correlates with many 

important outcomes, including symptom burden, quality of life, 

rehospitalization, and mortality.[7,8] 

Several studies have shown that lower six-minute walk distance 

(6MWD) at discharge is independently associated with increased 

risk of rehospitalization. For instance, McCabe N et al. 

demonstrated that each 100-foot increase in 6MWD decreased 

the odds of 30-day readmission by 16%.[9] Likewise, Kommuri 

NV et al. and Teramatsu H et al. demonstrated that 6MWD ≤400 
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meters strongly predicted early rehospitalization.[10,11] A 

threshold of distance between 300-400 m has been well-

established to discriminate high-risk from lower-risk patients 

in an ACOS clinical setting, even when conventional clinical 

markers and indicators are included.[12] 

However, the standard lower-limit-of-normal values (< 153 

m for men and <139 m for women) are likely to be insensitive 

in acutely decompensated populations where many high-risk 

patients walk a distance in the "normal" range.[13] Cut-offs 

driven by outcomes, such as an approximate 360 m distance 

revealed via Receiver operating characteristic (ROC) 

analysis, are likely a more appropriate estimate of prognosis 

in this patient cohort.[14] In addition, various studies indicate 

that incorporating 6MWD with other clinical indices, such as 

NT-proBNP and LVEF, increases the prognostic accuracy of 

risk prediction models.[15,16] 

The 6MWT is a positive method for discharge-based risk 

stratification in patients with acute heart failure owing to its 

practicality, low cost, and comprehensive nature. The present 

study builds on this promising evidence by examining 

whether the 6MWD document at discharge can predict 90-

day readmission in patients with ADHF, and can assess the 

prognostic utility of the 360-meter pragmatic decision 

threshold. 

 

MATERIALS AND METHODS 

Study Design and Setting: This is a prospective 

observational cohort study in the Department of Internal 

Medicine at Teerthanker Mahaveer Medical College and 

Research Centre, located in Moradabad, Uttar Pradesh, India, 

that aimed to study the prognostic significance of the Six-

Minute Walk Test (6MWT) at the time of discharge for 

predicting the risk of 90-day readmission relating to Acute 

Decompensated Heart Failure (ADHF). 

Study Population: All consecutive patients who were 

clinically diagnosed & admitted with ADHF based on 

Framingham criteria were screened for participation 

eligibility.[17] 

Inclusion criteria: 

• Age ≥18 years 

• First-time hospitalization for acute decompensated heart 

failure 

• Medically stable at discharge and able to perform the 

6MWT 

• Able to ambulate independently or with minimal 

assistance 

Exclusion criteria: 

• Prior enrolment in the study or repeat HF hospitalizations 

• Severe musculoskeletal or neurological impairment 

limiting ambulation 

• Unstable angina or recent myocardial infarction 

• Inability to provide informed consent or adhere to follow-

up 

Sample Size: Given the relatively low anticipated prevalence 

for ADHF (~1%) and all logistical challenges, a convenience 

sample of 51 patients was used and considered sufficient for 

exploratory predictive modelling and hypothesis 

development.[18] 

Ethical Considerations 

The Institutional Ethics Committee of Teerthanker Mahaveer 

Medical College and Research Centre approved the study 

protocol. Written informed consent was obtained from every 

participant before the completion of enrolment in accordance 

with the Declaration of Helsinki.[19] 

Data Collection and Procedure 

All eligible patients underwent an informed assessment that 

included: 

• Medical history and clinical assessment. 

• Baseline assessments include electrocardiograph (ECG), 

echocardiography for LVEF, NT-proBNP, complete blood 

count, liver and renal function tests, electrolytes, and viral 

markers as clinically indicated. 

Each patient completed a prescribed 6MWT to hospital 

discharge, with total distance walked (6MWD) collected in 

meters. Physiology predicted that 6MWD was also derived sex-

specifically from reference equations to derive peer-predicted 

6MWD using age, height, and weight. As well, we applied a 

constant LLN of < 153 m for men and < 139 m for women and a 

derived outcome threshold of 360 meters as reference 

classifications of functional capacity.[13,14] 

Follow-Up and Outcomes: Participants were followed up via 

outpatient clinic visits and telephone contact for 90 days after 

discharge. The primary outcome was all-cause hospital 

readmission due to worsening heart failure or cardiovascular-

related causes.[1,2] 

Statistical Analysis: Statistical analyses were performed using 

SPSS version 25.0 (IBM, Armonk, New York, USA). Summary 

statistics included means ± standard deviation (SD) for 

continuous variables and frequencies and percentages for 

categorical variables. Group comparisons were evaluated using 

Welch's t-test or chi-square test where appropriate. The 

associations of 6MWD with continuous clinical variables (age, 

NT-proBNP, LVEF) were determined using Pearson's 

correlation coefficient.[21] 

Univariable and multivariable logistic regression analyses were 

conducted to determine independent predictors of 90-day 

readmission. 6MWD was modeled as both a continuous variable 

(for every 10-meter decline) and as a dichotomous variable 

(based on Receiver operating characteristic [ROC] curve 

analysis), with a cutoff at 360 meters.[14] All statistical tests were 

two-sided; p < 0.05 was considered statistically significant. 

 

RESULTS 

1. Baseline Characteristics 

Fifty-one patients who had been admitted for ADHF were 

included in this study. The mean age was 56.3 ± 11.3 years, with 

close to even distribution by gender, with 26 males (51%) and 25 

females (49%). At discharge, the mean systolic blood pressure 

(SBP) was 116.3 ± 20.2 mmHg, and the diastolic blood pressure 

(DBP) was 71.8 ± 14.6 mmHg. The mean left ventricular ejection 

fraction (LVEF) was 37.1 ± 13.7%, reflecting predominantly 

reduced systolic function. 

2. 6-Minute Walk Test (6MWT) Performance 

All 51 patients completed the Six-Minute Walk Test (6MWT) at 

discharge. The mean six-minute walk distance (6MWD) was 

364.6 ± 122.2 m. Using conventional lower-limit-of-normal 
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(LLN) thresholds (<153 m for men and <139 m for 

women),[13] only one patient (2.0%) was classified as 

functionally impaired. 

 

Table 1: Baseline characteristics of study population (n = 51) 

Variable Mean ± SD Range 

Age (years) 56.3 ± 11.3 25 – 77 

SBP (mmHg) 116.3 ± 20.2 88 – 200 

DBP (mmHg) 71.8 ± 14.6 50 – 120 

Hemoglobin (g/dL) 10.9 ± 2.8 3.2 – 18.0 

Sodium (mmol/L) 135.7 ± 5.4 117.3 – 148.4 

Potassium (mmol/L) 4.5 ± 0.8 3.1 – 6.4 

NT-proBNP (pg/mL) 5927.6 ± 8236.1 480 – 25000 

LVEF (%) 37.1 ± 13.7 15 – 57.5 

6MWD (m) 364.6 ± 122.2 120 – 600 

 

Table 2: 6MWT performance at discharge 

Parameter Value 

Number of patients 51 

Mean 6MWD (m) 364.6 ± 122.2 

Range (m) 120 – 600 

Below LLN threshold 1 (2.0%) 

At or above LLN threshold 50 (98.0%) 

 

3. 90-Day Readmission Rates 

Within 90 days of discharge, 33 patients (64.7%) 

experienced readmission due to worsening Heart Failure 

(HF) or related cardiovascular events, while 18 patients 

(35.3%) remained free of hospitalization. 

 

Table 3: 90-day readmission status 

Readmission Status n % 

Readmitted 33 64.7% 

Not readmitted 18 35.3% 

 

4. Association of 6MWD with Readmission 

Readmitted patients had markedly lower 6MWD at discharge 

(298.5 ± 90.3 m) than those not (485.8 ± 67.5 m). The 

difference was statistically significant (Welch’s t = –8.38, p 

< 0.001; Cohen’s d = –2.26, indicating a large effect size. 

 

Table 4: 6MWD by readmission status 

Group n Mean 6MWD (m) SD 

Readmitted 33 298.5 90.3 

Not readmitted 18 485.8 67.5 

 

5. Correlation Analysis 

Pearson’s correlation showed A weak, non-significant 

inverse correlation between 6MWD and NT-proBNP (r = –

0.058, p = 0.685). A moderate inverse correlation between 

6MWD and age (r = –0.348, p = 0.012) 

 

Table 5: Correlation between 6MWD and selected variables 

Variable 1 Variable 2 Pearson r p-value 

6MWD (m) NT-proBNP (pg/mL) –0.058 0.685 

6MWD (m) Age (years) –0.348 0.012 

 

6. Threshold-Based Risk Stratification 

Receiver operating characteristic (ROC) curve analysis 

identified 360 m as the optimal 6MWD cut-off to predict 

readmission (Youden index = 0.41; sensitivity = 69%, 

specificity = 72%). 

 

Table 6: Predictive performance of 360 m threshold 

Threshold (6MWD) Sensitivity (%) Specificity (%) Youden Index 

360 m 69 72 0.41 

 

7. Logistic Regression Analysis 

Univariate analysis showed that: Each 10 m decrement in 

6MWD increased the odds of readmission by 40% (OR = 

1.40; 95% CI 1.14–1.72; p = 0.001). Higher LVEF was 

protective (OR = 0.87 per 1% increase; 95% CI 0.81–0.93; p 

< 0.001). Age showed borderline association (OR = 1.05; p 

= 0.068). NT-proBNP and sex were not significant predictors 

Multivariable analysis, including 6MWD, age, sex, NT-
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proBNP, and LVEF (Nagelkerke R² = 0.90), showed: 

Adjusted OR for 6MWD (per 10 m decrement) = 1.39 (95% 

CI 0.89–2.15; p = 0.14). Adjusted OR for LVEF = 0.78 (95% 

CI 0.54–1.10; p = 0.16). Other predictors were non-

significant 

 

Table 7: Logistic regression for predictors of 90-day readmission 

Predictor Unadjusted OR (95% CI) p Adjusted OR (95% CI) p 

6MWD (per 10 m ↓) 1.40 (1.14–1.72) 0.001 1.39 (0.89–2.15) 0.144 

LVEF (per % ↑) 0.87 (0.81–0.93) <0.001 0.78 (0.54–1.10) 0.157 

Age (years) 1.05 (0.99–1.11) 0.068 1.27 (0.89–1.82) 0.187 

NT-proBNP (per 1000 ↑) 1.04 (0.96–1.12) 0.378 1.20 (0.91–1.58) 0.187 

Male sex 1.50 (0.47–4.76) 0.491 29.57 (0.10–8727.2) 0.243 

 

DISCUSSION 

This study utilized the Six-Minute Walk Test (6MWT) at 

discharge to predict 90-day readmission risk among patients 

with Acute Decompensated Heart Failure (ADHF). It was 

revealed that a lower six-minute walk distance (6MWD) at 

discharge was significantly related to higher early 

readmission risk. Readmitted patients had a mean 6MWD 

186 m lower than non-readmitted patients (298.5 m vs. 485.8 

m, large effect size). Receiver operating characteristic (ROC) 

analysis identified a 360 m cut-off with good discriminative 

ability (AUC 0.76) to predict readmission risk. 

Comparison with Existing Literature 

The 90-day readmission rate of 64.7% in our study is greater 

than the 30-40% readmission rates that others have observed 

in large cohorts.[1,2] We believe this may be due to our 

examination of only first-episode ADHF patients and the 

sample size. Prior studies consistently established that 

decreased functional capacity strongly predicts worse 

outcomes in HF. In their research, McCabe N. et al. reported 

that each additional 100 ft in 6MWD was associated with a 

16% lower risk of 30-day readmission.[9] Similarly, 

Kommuri N. V. et al. found that patients with a 6MWD ≤400 

m had a greater risk of readmission.[10] Our study adds to the 

existing literature because our readmission analyses are 

focused on the context of first-episode ADHF. 

Interestingly, we also find only a weak correlation of 6MWD 

and NT-proBNP; this raises the possibility that functional 

limitation may reflect broader systemic deconditioning 

beyond hemodynamic congestion. This dissociation was also 

noted by Fuentes-Abolafio I. J. et al., who found that 

performance measures, like physical performance, were 

associated with mortality independent of biochemical 

measures.[6] LVEF, a traditional prognostic marker, was 

protective in univariate analysis, but not significant after 

adjustments. This finding was expected, given that LVEF 

alone has poor specificity as a predictive marker for post-

discharge outcomes.[3,4,22] 

Cut-points for Risk Stratification 

Most prior studies have utilized the lower-limit-of-normal 

(LLN) (< 153 m in men, < 139 m in women) cut-point as the 

cut-point,[13] however, this cut-off did not have very good 

sensitivity in our cohort (only one patient was characterized 

as impaired). As noted previously, this reflects the difficulty 

of normative cut-points in acutely decompensated 

populations, in which many high-risk patients are within the 

"normal" walking distance. Cut-points grounded in outcome 

are probably more appropriate. Our 360 m cut-point is 

consistent with La Rovere, M. T. et al.'s suggestion that 360 m 

was the cut-point to predict events post-discharge (≈350 m).[14] 

These data support the rationale of using 6MWD for discharge 

readiness and risk assessment in patients with ADHF. 

Clinical implications 

There are several advantages to using the 6MWT as a risk 

stratification method: low cost, minimal training required, and 

global functional reserve rather than isolated cardiac 

information.[5,7,8] If we can identify high-risk patients before 

discharge, we can ensure intensified follow-up, optimize 

guideline-directed therapy, and consider early enrolment in 

cardiac rehabilitation. This is consistent with contemporary 

guidance recommending clinicians perform multimodal 

discharge risk assessment instead of purely static clinical 

variables.[22,23] 

Strengths and Limitations 

The key strength of this study is our recruitment of a 

homogeneous first-episode ADHF cohort, which likely 

minimized confounding due to prior HF hospitalizations. 

Moreover, standardized 6MWT procedures were followed based 

on the American Thoracic Society guidelines,[20] improving 

reliability and reproducibility. 

It is also important to highlight a few limitations. The study was 

conducted in a small sample size, which limited power and likely 

contributed to the loss of statistical significance for the 6MWD 

variable in multivariable analysis. Despite a strong univariate 

association, our single-centre design and lack of external 

validation limit generalizability. In addition, we did not capture 

data on comorbidities, frailty indices, or which patients adhered 

to their medical therapy through follow-up, which could have 

impacted the risk of readmission. 

Future Directions 

It would be important to conduct larger multicentre studies to 

confirm the prognostic threshold of 360 m, and examine if a 

combination of 6MWD, with biomarkers (NT-proBNP, 

troponin) and echocardiographic parameters would improve the 

feasibility of risk models. Serial 6MWT measures completed 

during hospitalization may also identify patients with poor 

functional recovery despite being clinically stable. They might 

benefit from a delayed discharge or inpatient rehabilitation until 

they can safely perform the 6MWT.[24] 

 

CONCLUSION 

The current investigation shows that the Six-Minute Walk Test 

(6MWT) completed at discharge is an easy, safe, and useful tool 

for predicting 90-day readmission for patients hospitalized for 

Acute Decompensated Heart Failure (ADHF). Readmitted 
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patients had significantly shorter six-minute walk distances 

(6MWD) than patients who remained free from readmission, 

with a distance threshold of nearly 360 meters providing 

good discriminative precision for high-risk patients. 

Including the 6MWT in discharge risk evaluations could help 

identify patients at risk early, allowing for modification of 

follow-up, intensification of therapy, and the design of 

specific rehabilitation plans pending discharge. This is a 

rationale for larger multicenter studies to validate our 

findings and incorporate functional capacity into risk 

prediction models in abnormal heart failure management. 

 

Financial support and sponsorship 
Nil.  

 

Conflicts of interest  
There are no conflicts of interest. 
 

REFERENCES 

1. Shah KS, Xu H, Matsouaka RA, Bhatt DL, Heidenreich PA, 

Hernandez AF, Fonarow GC. Heart failure with preserved, 

borderline, and reduced ejection fraction: 5-year outcomes. J 

Am Coll Cardiol. 2017;70(20):2476–2486. 

2. Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz 

LI, et al. Diagnoses and timing of 30-day readmissions after 

hospitalization for heart failure. JAMA. 2013;309(4):355–363. 

3. Mahajan SM, Heidenreich P, Abbott B, Newton A, Ward D. 

Predictive models for identifying risk of readmission after index 

hospitalization for heart failure: A systematic review. Eur J 

Cardiovasc Nurs. 2018;17(8):675–689. 

4. Naderi N, Chenaghlou M, Mirtajaddini M, Norouzi Z, 

Mohammadi N, Amin A, et al. Predictors of readmission in 

hospitalized heart failure patients. J Cardiovasc Thorac Res. 

2022;14(1):11–17. 

5. Snader CE, Marwick TH, Pashkow FJ, Harvey SA, Thomas JD, 

Lauer MS. Importance of estimated functional capacity as a 

predictor of all-cause mortality among patients referred for 

exercise testing. J Am Coll Cardiol. 1997;30(3):641–648. 

6. Fuentes-Abolafio IJ, Conde-Caballero D, Jímenez-García JD, 

Pérez-Belmonte LM, Bernal-López MR, Romero-Saldaña M. 

Physical functional performance and prognosis in patients with 

heart failure: A systematic review and meta-analysis. BMC 

Cardiovasc Disord. 2020;20(1):512. 

7. Giannitsi S, Bougiakli M, Bechlioulis A, Kotsia A, Michalis 

LK, Naka KK. Six-minute walking test: A useful tool in the 

management of heart failure patients. Ther Adv Cardiovasc Dis. 

2019;13:1753944719870084. 

8. Carballada C, Mihalik M, Newman-Caro A, Walter A. 

Effectiveness of the 6-minute walk test as a predictive measure 

on hospital readmission and mortality in individuals with heart 

failure: A systematic review. J Acute Care Phys Ther. 

2023;14(1):33–44. 

9. McCabe N, Butler J, Dunbar SB, Higgins M, Reilly C. Six-minute 

walk distance predicts 30-day readmission after acute heart failure 

hospitalization. Heart Lung. 2017;46(4):287–292. 

10. Kommuri NV, Johnson ML, Koelling TM. Six-minute walk distance 

predicts 30-day readmission in hospitalized heart failure patients. 

Arch Med Res. 2010;41(5):363–368. 

11. Teramatsu H, Shiraishi J, Matsushima Y, Araki M, Okazaki T, Saeki 

S. Using physical function to predict hospital readmission within 1 

year in patients with heart failure. Prog Rehabil Med. 

2019;4:20190018. 

12. Tabata M, Shimizu R, Kamekawa D, Kato M, Kamiya K, Akiyama 

A, et al. Six-minute walk distance is an independent predictor of 

hospital readmission in patients with chronic heart failure. Int Heart 

J. 2014;55(4):331–336. 

13. Faggiano P, D’Aloia A, Gualeni A, Brentana L, Dei Cas L. The 6-

minute walking test in chronic heart failure: Indications, 

interpretation and limitations from a review of the literature. Eur J 

Heart Fail. 2004;6(6):687–691. 

14. La Rovere MT, Maestri R, Caporotondi A, Corbellini D, Guazzotti 

G, Pinna GD, Febo O. Pre-discharge evaluation in heart failure: 

Additive predictive value of the 6-minute walking test. Circ J. 

2015;79(8):1756–1763. 

15. Salah K, Kok WE, Eurlings LW, Bettencourt P, Pimenta JM, Metra 

M, et al. A combined clinical and NT-proBNP-based score to predict 

prognosis in heart failure. Heart. 2019;105(15):1182–1189. 

16. Fujimoto Y, Yamamoto M, Toyama M, et al. Prognostic 

implications of 6MWD in HFpEF. Int J Cardiol. 2023;379:76–81. 

17. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural 

history of congestive heart failure: The Framingham study. N Engl 

J Med. 1971;285(26):1441–1446. 

18. Browner WS, Newman TB, Cummings SR, Hulley SB. Estimating 

sample size and power: applications and examples. In: Hulley SB, 

Cummings SR, Browner WS, Grady DG, Newman TB, editors. 

Designing Clinical Research. 4th ed. Philadelphia: Lippincott 

Williams & Wilkins; 2013. p. 65–91. 

19. World Medical Association. World Medical Association 

Declaration of Helsinki: ethical principles for medical research 

involving human subjects. JAMA. 2013;310(20):2191–2194. 

20. ATS Committee on Proficiency Standards for Clinical Pulmonary 

Function Laboratories. ATS statement: guidelines for the six-minute 

walk test. Am J Respir Crit Care Med. 2002;166(1):111–117. 

21. Mukaka MM. Statistics corner: A guide to appropriate use of 

correlation coefficient in medical research. Malawi Med J. 

2012;24(3):69–71. 

22. O’Connor CM, Abraham WT, Albert NM, Clare R, Gattis Stough 

W, Gheorghiade M, et al. Predictors of mortality after discharge in 

patients hospitalized with heart failure: An analysis from the 

OPTIMIZE-HF registry. Eur Heart J. 2008;29(3):362–370. 

23. Greene SJ, Butler J, Albert NM, DeVore AD, Sharma PP, Duffy CI, 

et al. Medical therapy for heart failure with reduced ejection 

fraction: The CHAMP-HF registry. J Am Coll Cardiol. 

2018;72(4):351–366. 

24. Takabayashi K, Ikuta A, Okazaki Y, Hamaguchi S, Shiraishi Y, 

Yamada S, et al. Short-term functional recovery after hospitalization 

for acute heart failure. Circ J. 2021;85(6):900–909.  
 
 


