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ABSTRACT
Purpose: To evaluate the reliability and validity of the 
six-minute walk test (6MWT) with respect to its ability to 
predict functional capacity in patients with chronic heart 
failure.  Methods: A systematic review was performed via 
8 databases to assess relevant English language full-text ar-
ticles published from January 1, 1980 to October 31, 2009. 
Participant characteristics, interventions, reliability, validity, 
and predictive value for each article with respect to func-
tional capacity as defined by peak VO2 levels were extract-
ed and compared.  Quality Assessment of Diagnostic Ac-
curacy Studies (QUADAS) scores were determined for each 
study. Results: Fourteen studies met the selection criteria. 
Comparison of the studies investigating reliability shows 
that the 6MWT has good reproducibility.  The 6MWT dem-
onstrates moderate correlation with peak VO2 levels, and 
ability to predict VO2 (functional capacity) dependent on 
distance walked.  Cut-off distances vary from 300 to 490 
meters depending on the study; if total distance walked re-
mains equal or less than these values, the 6MWT retains its 
strong predictive value. Conclusion: The 6MWT has good 
reliability, moderate validity, and a significant ability to pre-
dict functional capacity in patients with CHF who do not 
walk greater than 490 meters.
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functional capacity, peak VO2

INTRODUCTION
The incidence and prevalence of chronic heart failure 

(CHF) in the United States is continually rising, with an es-
timated 670,000 new cases diagnosed per year.1 There are 
approximately 5.7 million Americans living with the dis-
ease at any given time.1 Although advances in medicine 
have led to longer overall survival rates for patients diag-
nosed with CHF, especially following myocardial infarction 
and improved management of hypertension, there has also 
been a steady increase in mortality rates for these patients.2 
The projected 5-year survival rate for patients diagnosed 

with heart failure is approximately 50% with 25% of pa-
tients dying within the first year.1 

Common causes of CHF include past myocardial in-
farction, coronary artery disease, dilated and hypertrophic 
cardiomyopathy, myocarditis, abnormal heart valves, con-
genital heart disease, hypertension, lung disease, diabetes, 
and less commonly, hypothyroidism, severe anemia, and/
or cardiac arrhythmias.1 Patients with CHF typically present 
with various nonspecific symptoms such as fatigue, lethar-
gy, exercise intolerance, lower extremity edema, coughing, 
and shortness of breath.3 While symptomatology makes 
diagnosis difficult, objective information can be obtained 
from cardiac workups inclusive of symptoms, echocardio-
gram showing left ventricular ejection fraction, and stress 
test to examine exercise tolerance.  Patients’ symptoms and 
functional exercise capacity are used to classify the severity 
of heart failure based on the New York Heart Association 
(NYHA) guidelines (stages I-IV). 

Management of CHF focuses around medication re-
gimes, usually inclusive of angiotensin converting enzyme 
(ACE) inhibitors, diuretics, digitalis, beta blockers, calcium 
channel blockers, angiotensin II receptor blockers, potassi-
um supplements, and cholesterol-lowering drugs.  Surgery 
based upon rectifying the cause of heart failure may be in-
dicated in some occasions.  Lifestyle changes such as smok-
ing cessation, weight-maintenance, participating in exer-
cise, and eating a healthy diet are all options that patients 
are encouraged to do in order to manage CHF symptoms. 
Patients with heart failure generally have reduced exercise 
capacity, and two of the main symptoms in heart failure are 
exercise intolerance and generalized fatigue.4 This makes 
it difficult for these patients to participate in exercise and 
many times, deters them from doing so for fear of exacer-
bating symptoms. This leads the patient into a vicious cycle 
of progressive decline in function and deconditioning due 
to lack of exercise. 

It is becoming increasingly crucial for medical pro-
fessionals to use valid and reliable tests and measures in 
practice to determine outcomes.  This is especially true in 
the physical therapy realm, where the move to direct ac-
cess and increasingly stringent insurance guidelines cause 
physical therapists to require tests with high validity to en-
sure patient progress is well-monitored and most of all, ac-
curate. It is necessary to have valid tests that are simple 
and quick to perform in the clinic in order to preserve time 
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management, efficiency, and to have a way to retest and 
monitor progress easily.  While it is known that using VO-

2max is a valid measure of functional capacity for patients 
with CHF,5 it is difficult, if not impossible, for most physical 
therapists to acquire this information in the clinic. The six-
minute walk test (6MWT) is frequently used to determine 
functional capacity in patients.  The 6MWT is performed on 
a flat surface, with a predetermined distance measured and 
marked off.  Patients are asked to walk self-paced back and 
forth between the 2 marked points for 6 minutes. Rests are 
allowed, and administrators are able to provide standard-
ized feedback during and at the end of the test.  Patients are 
allowed to use an assistive device, but the tester should not 
walk with the patient during the test.6 The laps are counted, 
and a distance walked in 6 minutes is determined.6 This 
systematic review was formulated to examine the validity 
and reliability of the 6MWT in measuring functional capac-
ity in patients with CHF. 

METHODS
This systematic review was completed using the Pre-

ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISM) protocol.  This protocol includes a 27-
item checklist endorsed and adopted by the Physical Thera-
py Journal.7  The following 8 databases were searched from 
January 1, 1980 to October 31, 2009: CINAHL, Cochrane 
Central Register of Controlled Trials, Cochrane Systematic 
Reviews, Cochrane Methodology, EBM Reviews, Medline 
(via OVID), Physiotherapy Evidence Database (PEDro), and 
Pub Med. 

Inclusion criteria for this systematic review included:  
Caucasian, male or female, primary diagnosis of CHF (all 
stages), studies that included reliability and/or validity of 
the 6MWT to determine functional capacity, and published 
in English language. Exclusion criteria for this systematic re-
view included:  postsurgical patients including heart trans-
plant, CHF not a primary diagnosis, 6MWT not the focus 
of the study, pharmacological interventions as study focus, 
and response of exercise training as study focus.  An exact 
list of medical subject heading (MeSH) terms were used to 
search the databases including pairing the following words:  
“heart failure,” “submaximal exercise tolerance,” “tread-
mill test,” “stress test,” “exercise test,” “exercise tolerance 
test,” “exercise capacity,” “6 minute walk test,” “six minute 
walk test,” “prognosis,” “prognostic indicator,” “function,” 
“functional capacity,” “functional outcomes,” “reliable,” 
“reliability,” “validity,” “valid,” “outcome measure,” “repro-
ducibility,” “reproducibility of results,” and “reproducibility 
of findings.”

To ensure a thorough search, the 8 databases were di-
vided among groups of 2 authors each. Each reviewer in 
each group independently searched each database and re-
corded results.  Initial searches using MeSH terms resulted 
in 16,954 potential studies. The titles, abstracts, and/or full 
text articles for these search results were initially indepen-
dently screened by 2 reviewers per database to determine 
their appropriateness in this systematic review. Studies were 
eliminated if they did not meet the exclusion and/or inclu-
sion criteria. Secondary or hand searches by one reviewer 

for each database were also conducted. After eliminating 
studies because of the aforementioned reasons, applicable 
studies were then further eliminated if they were duplicate 
studies (for example, the same study was found in multiple 
databases). The pool of applicable studies was then nar-
rowed to 109 potential studies from all databases searched. 
These studies were then further analyzed for their appropri-
ateness by 2 independent reviewers each. Ninety-five stud-
ies were then eliminated because they did not abide by the 
set inclusion or exclusion criteria, or they were duplicates. 
This process ultimately resulted in 14 applicable studies for 
this systematic review (Figure 1).

Figure 1. Details of flow of information. Adapted from 
Moher.7

To assess the quality of the 14 studies, the Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS) scale 
was used.8  The QUADAS scale was selected due to its abil-
ity to assess the quality of diagnostic accuracy studies.8 This 
scale has 14 questions, which includes questions related to 
bias, variability, and some quality of reporting (Appendix 
1).8  Two reviewers who were blinded to the scores of the 
other reviewers assessed a QUADAS score for each study. 
An arbitrary QUADAS score of at least 50% was consid-
ered eligible for inclusion in this study. Inter-rater reliability 
(ICC = 0.889) was calculated using SPSS statistical program 
to determine the agreement between raters when using the 
QUADAS tool on one of the 14 studies included in this 
systematic review. If differences occurred between review-
ers for QUADAS score, then they further discussed and 
reached a consensus regarding the appropriate score.

For data extraction from the 14 selected articles, 2 re-
viewers independently extracted data related to population, 
interventions, reliability, validity, reproducibility, predictive 
value, and functional capacity as related to peak VO2 (Table 
1). Functional capacity has been defined as the ability of 
the individual to perform aerobic work as defined by maxi-
mal oxygen uptake (VO2max) and therefore the ability for 
patients to perform day-to-day activities.9,10 

Total # of hits with search terms:  16954

Records identified through 
searching databases 

113

Secondary/Hand Searches 
48

Records after duplicates removed 
109 

Records screened  
109 

Records excluded 
26

Full-text articles assessed for eligibility 
83 

Full-text articles excluded, 
with reasons 

69 

Studies included in qualitative synthesis 
14 

Figure 1.  Details of flow of information.  Adapted from Moher.7
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Source Population Tests Performed QUADAS Score Results

Cahalin14

1996
Patients with CHF; mean LVEF 
of 20% ± 6%

Pulmonary function testing, symptom-limited 
bicycle ergometry exercise testing with radionucle-
otide angiography and cardiopulmonary response, 
6MWT with cardiopulmonary response (repeated 
for 20 patients) by blinded physical therapists, 
cardiac catheterization

13 of 14 Reproducibility:
  - ICC = 0.96 for 6 MWT

Validity:
  -  6 MWT moderately correlated with peak VO2 (r = 

0.64, p = 0.0001)

Predictive Value:
   -  6MWT a significant predictor (upon multivariate 

analysis) of peak VO2 (r=0.64, p<0.0001)

Green17

2001
Patients from cardiac transplant 
unit with CHF (NYHA classes 
II-IV); LVEF of < 35%; mean 
age 56.7 +/-1.5 years

1st experiment: SWT administered twice
2nd experiment:  SWT, 6 MWT, treadmill test for 
VO2max

11 of 14 Validity:
  -  Correlation of peak VO2 and distance ambulated 

during 6 MWT was moderate but not statistically 
significant (r = 0.67)

 -  Correlation of peak VO2 during 6MWT and peak VO2 
during treadmill test was moderate but not statisti-
cally significant (r = 0.70) 

Guyatt10

1985
Patients with CHF (NYHA 
class II-IV); also included a 
respiratory group; mean age 
64.7+/-8.3 years

Maximal exercise bicycle ergometer test, 6 MWT 
was repeated 6 times per patient (2 weeks between 
tests)

7 of 14 Reproducibility:  
 - Article reports reproducibility, but no statistics given 

Validity:
 - |6MWT poorly correlated with maximal cycle 
ergometer (r=0.42, p<0.001)

Guyatt15

1985
Patients with CHF (NYHA class 
II-IV); mean age 64.7+/-8.3 
years

6 MWT and cycle ergometry performed 6 times, 2 
weeks in between tests

10 of 14 Reproducibility: 
 - ICC for 6 MWT for all visits (6 visits total) = 0.921

Validity:
 -  6 MWT moderately correlated with maximal cycle 

ergometer exercise test (r= 0.579, p=0.001)

Lipkin18

1986
Patients with congestive heart 
failure (NYHA classes II and 
III); mean age 58 years (range 
36-68)

Maximal treadmill exercise test with pulmonary 
testing, 6 MWT

10 of 14 Validity:   
 -  Curvilinear relationship existed between max VO2 

and distance walked in 6 MWT (no data given) 

Lucas11 
1999

Patients with heart failure hav-
ing     LVEF<35%, mean age 52 
+/-17 years

6 MWT and bicycle exercise test performed 2 hours 
apart with VO2max testing

12 of 14 Validity:
 -  6 MWT poorly correlated with peak VO2 (10-20mL/

kg per 6MWT moderately correlated with peak VO2 
(>20mL/kg or <10mL/kg per minute) bicycle testing 
(r = .57)

Morales16

1999
Patients with CHF symptoms for 
at least 6 months, NYHA class 
II-IV; LVEF of 23% ± 8%

2 to 3 of 6MWT, SWT and symptom-limited bicycle 
ergometry test within 2 weeks of each other

11 of 14 Reproducibility:
 -  6MWT with good reproducibility only after a first 

trial (i.e. no significant differences between 2nd & 3rd 
trials (r=0.98, p=0.33))

Validity:
 -  6MWT moderately correlated with peak VO2 (r=0.69, 

p<0.001)

Predictive value:
 -  6 MWT considered a significant predictor of peak 

VO2 < 14 mL/kg/min (ROC curve analysis=0.83, p 
= 0.02), but upon multi- variate analysis not consid-
ered to be an independent predictor

 -  Best distance cut-off to predict peak VO2 (<14 mL/
kg/min) with 6MWT = 450 m (sensitivity 80%,  
specificity 83%)

Myers19

2006
Male patients with stable heart 
failure; EF < 40%; mean age 
68+/-12 years

Symptom-limited incremental treadmill exercise 
test, pulmonary function tests, 6 MWT

9 of 14 Validity:
  - 6MWT modestly correlated with peak VO2 r= 0.49, 
p<0.01)

Predictive value: 
  - 6MWT not a significant predictor (upon multivariate 
analysis) of peak VO2 (no data given)

O’Keefe23

1998
Patients with heart failure 
(NYHA classes I-IV), mean age 
82 years (range 74 to 92)

6 MWT repeated twice 8 of 14 Reproducibility:
   - ICC for 6 MWT = 0.91 

Peeters20

1996
Patients with heart failure 
(NYHA classes II and III), mean 
age 81.3 (SD 5.6 years) and 
untrained, healthy, controls

6MWT and progressive, symptom-limited, treadmill 
test.  

10 of 14 Distanced walked during the 6MWT correlated with 
the distance walked on the treadmill test (r=.688; 
p<.001).  

Significant lower symptomatic VO2 max in NHYA class 
III than in NYHA class II (p=.032).

Table 1.  Study Characteristics, QUADAS Score, and Results of Studies
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Source Population Tests Performed QUADAS Score Results

Pulz21

2008
Patients with CHF (NYHA class 
II-IV); LVEF < 35%; mean age 
51.3 +/- 10.2 years

Maximal incremental treadmill exercise test to 
determine VO2max, 2 6MWTs 30 minutes apart 
per patient administered by physical therapist, 2 
incremental shuttle walk tests

11 of 14 Reproducibility: 
  - mean bias between repeated 6MWTs close to zero 
+/-1.96 SD, 95% CI 7+/- 40 meters

Validity:
  -  6MWT correlated well with pVO2 (r= 0.76, p < 

0.001)

Predictive value: 
  -  6MWT a significant predictor (upon ROC curve 

analysis = 0.91) of peak VO2         
  -  Best distance cut-off to predict pVO2 with the 6 

MWT = 490 m (sensitivity 83%, specificity 83%)

Riley22

1992
Patients with CHF (NYHA 
classes II-IV); mean LVEF of 
26%; mean age 65.2 years 
(range 48-76)

Symptom-limited max treadmill test to determine 
VO2max, 3 6MWTs with VO2max taken

10 of 14 Reproducibility:
 -  6MWT with good reproducibility (coefficient of 

variation = 6.71) 

Validity:
 -  6MWT distance correlated well with peak VO2 as 

measured during treadmill test (r=0.88, P < 0.001)

Roul12

1998
Patients with heart failure 
(NYHA classes II or III); mean 
age 59+/-11 years

Symptom-limited bicycle ergometry exercise test 
with VO2max testing, 6 MWT performed, repeated 
twice on the same day in 40 subjects

9 of 14 Reproducibility:
   - ICC for 6 MWT = 0.82

Validity:
  -  6MWT moderately correlated with peak VO2 only if 

distance walked was </= 300 m (r=.65, p=0.011)
  -  6MWT a significant predictor of peak VO2 but only 

with cut-off distance of 300 m (ROC curve = 0.933; 
sensitivity 89%, specificity = 60%, PPV = 80%)

Zugck13

2000
Patients with congestive heart 
failure (NYHA classes I-III); 
LVEF < 35%; mean age 54+/-
12 years

Symptom-limited bicycle exercise test performed; 6 
MWT performed by patients with supervision of RN 
blinded to exercise test results

13 of 14 Reproducibility:
  - ICC for 6MWT = .96 

Validity:
  - 6MWT moderately correlated with peak VO2 (r = 
.689 in men, r = .59 in women, p = 0.001)

Predictive value: 
  -  6MWT moderately correlated with peak VO2 over 

time:
  - After 263 days +/-14: r=0.71, p<0.001
  - After 381 days +/- 170: r=0.74, p<0.001

Abbreviations:  LVEF = Left Ventricular Ejection Fraction; EF = Ejection Fraction

RESULTS
Fourteen articles were deemed relevant for this review. 

The primary purpose of the majority of these studies was to 
investigate the utility of the 6MWT for patients with CHF.  
Samples varied from 14 to 63 with 3 studies reporting sam-
ple sizes larger than 100 participants.11-13 Two of the stud-
ies, Cahalin14 and Zugck,13 used testers who were blinded 
to the results of the studies.  

A common factor across many of the studies was the use 
of maximal exercise testing to acquire information regard-
ing VO2max.  Seven of the studies used symptom-limited 
bicycle ergometry,10-16 because bicycle ergometry was less 
troublesome for the patient to perform, especially in the 
elderly population.  Six studies used maximal symptom-
limited treadmill testing.17-22 The shuttle-walk test was used 
in several studies as a comparison against the 6MWT,16,17,21 
one of which showed high predictive value for VO2max.21 
Seven studies examined test-retest reliability; one of which 
showed good reliability and reproducibility.12-16,22,23 One 
study23 focused solely on reliability of the 6MWT, finding 
significant reliability in patients with no change in cardiac 
status upon follow-up (ICC=0.91), as well as in all patients 
across the entire sample (ICC > 0.75).

Two studies found that 6MWD ≤ 300 m was significant-
ly able to predict likelihood of death or poorer outcomes 
in 6 months (p = .04)14 and worse prognostic outcomes (p 

= .013).12  Two other studies determined that distances ≤ 
450m (r = 0.98, p = 0.33) and ≤ 490m (r = 0.76, p < 0.001), 
respectively also correlated with VO2max.16,21 Peeters et al20 
determined that the distance covered in a 6MWT corre-
lated to distance walked on a treadmill (p < .001).  Another 
4 studies showed high, but not statistically significant cor-
relations between VO2max and the 6MWD.13,18,19,22  Lip-
kin18 also determined that patients with high VO2max had 
lower variations in 6MWD, conversely, patients with low 
VO2max (< 14 ml/kg/min) had higher variability of 6MWD.  
Four of the studies included did not find a significant cor-
relation between 6MWD and VO2max from exercise test-
ing.10,11,15,17

Synopsis of Each Study and Author Recommendations
Cahalin14

In order to evaluate the utility of the 6MWT in assessing 
patients with CHF, 45 patients with symptomatic CHF un-
derwent symptom limited cardiopulmonary exercise test-
ing and the 6MWT.  The 6MWT correlated moderately with 
peak VO2 (r = .64, p < 0.001) in patients with heart failure 
referred for heart transplantation. Distance ambulated less 
than 300 m was predictive of hospitalization or death in 
the next 6 months (p = 0.04).  The 6MWT was inferior to 
peak VO2 and %VO2 for prediction of long-term survival; 
therefore, its use as a test of long-term survival is uncertain. 
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The 6MWT may predict maximal bicycle exercise testing 
in patients with advanced CHF. From this study, equations 
were formulated that predict peak VO2 from the distance 
walked with 6MWT.  Lastly, the 6MWT predicted peak VO2 
and short-term event free survival of patients with advanced 
heart failure. 

Green17

This study of 7 subjects examined the 10 m shuttle 
walk test (SWT) compared with the 6MWT and a maximal 
symptom-limited treadmill test in patients with CHF.  Heart 
rate, rate of perceived exertion, and ambulatory VO2 were 
examined.  Distance ambulated during the 6MWT was not 
significantly correlated to predict VO2 or functional capac-
ity. The 6MWT provides an assessment of the patient’s abil-
ity to perform submaximal activities of daily living but does 
not provide a consistent prediction of mortality in patients 
with CHF.  Green and colleagues suggested that the SWT 
is a more predictive measure of peak VO2 than 6MWT.  
Peak HR, RPE were similar from the SWT and the tread-
mill peakVO2 test compared with VO2 during 6MWT which 
was lower, suggesting the SWT elicits a more comparable 
exercise response and thus is a more valid measure of func-
tional capacity than the 6MWT in patients with CHF.  The 
physiologic responses observed during the 6MWT were not 
graded as in the SWT and the peak VO2 test, suggesting the 
6MWT does not elicit the same physiologic response and is 
not as predictive as previously thought in testing functional 
capacity.

Guyatt10

In order to assess the potential value of the 6MWT as 
an objective measure of exercise capacity in patients with 
CHF, the test was administered 6 times over 12 weeks to 
18 patients with CHF, who also underwent cycle ergom-
eter testing and conventional functional testing. During the 
6MWT, 9 patients received encouragement and 9 did not.  
Results of the 6MWT were consistent after the first 2 trials 
(p < .001).  Encouragement influenced the scores (p < .02); 
therefore, the 6MWT should be standardized, eg, without 
encouragement.  The low correlation of 6MWT scores with 
the cycle ergometer test (r=.42) suggest the 6MWT mea-
sures more functional activities as opposed to laboratory 
exercise capacity.  The authors concluded that the 6MWT 
is reproducible but has low correlation with maximal exer-
cise capacity for patients with CHF.

Guyatt15

In order to clarify the usefulness of available measures 
of functional status and exercise capacity, 43 patients with 
lung disease and CHF were given 4 questionnaires, the 
6MWT, and a bicycle exercise test.  Correlations between 
the questionnaires and the 6MWT were r = .0473-.0590 
but no correlation was found between the cycle testing and 
the questionnaires.  Correlation between the 6MWT and 
bicycle test was moderate (r = .579).  Reproducibility test-
ing showed good results with the 6MWT.  Correlation of 
the 6MWT with the questionnaires and with cycle ergom-
eter indicates that the 6MWT is a good measure of how 

the patients feel, how they function when performing daily 
activities, and of their exercise capacity as measured in 
the laboratory. The 6MWT was considered superior to the 
questionnaires in that it is objective and reproducible. The 
6MWT appears to measure the patient’s ability to undertake 
physically demanding activities of daily living and may be 
a useful tool to measure cardiorespiratory response after 
intervention.  

Lipkin18

Exercise capacity of 26 patients with NYHA class II-III 
and 10 normal subjects with a mean age of 58 (range 36-
68) yrs old was assessed by determining the oxygen con-
sumption attained during a maximal exercise test and by 
measuring the distanced walked during the 6MWT.  There 
were significant differences in maximal oxygen consump-
tion between normal subjects, patients with class II heart 
failure and class III heart failure (p < 0.001). The distances 
walked in the third trial of the 6MWT were 683 meters in 
the normal subjects, 559 meters in class II patients, and 402 
meters in class III patients. Maximal oxygen consumption 
was related in a curvilinear manner to the distance walked 
during the 6MWT.  The findings of the study indicate that 
the 6MWT can objectively assess exercise capacity in pa-
tients with CHF.  The patients preferred the 6MWT to the 
treadmill, finding it easier and more closely related to their 
daily physical activity.  This finding may explain the wide 
range of distances covered in 6 minutes among those pa-
tients with low maximal oxygen consumption. Some may 
have been poor performers on the treadmill test and gave 
a better demonstration of their abilities during the 6MWT.  
The authors conclude that in patients with CHF the 6MWT 
provides an objective assessment of exercise capacity that 
could usefully supplement clinical information obtained 
from the history and physical examination.  

Lucas11

The purpose of the study was to investigate whether the 
6MWT distance was related to peak VO2 for individuals 
with advanced heart failure. A total of 307 subjects (mean 
age of 52 yrs, SD 13 yrs) and an ejection fraction less than 
35% were studied.  For patients with a peak VO2 of 10-
20 mL/kg/min, the 6MWT was poorly correlated with peak 
VO2 (r = .28).  For patients with higher (>20 mL/kg/min) or 
lower (<10 mL/kg/min) peak VO2, 6MWT moderately cor-
related with peak VO2 (r = .57).  The 6MWT distance was 
not well correlated with peak VO2 and therefore considered 
not valid to predict peak VO2 for patients with advanced 
heart failure.  

Morales16

In this study, investigators assessed the 6MWT and the 
Shuttle Walk Test (SWT) with respect to peak VO2, as mea-
sured by cycle ergometry, to determine the tests’ utility as a 
measure of functional capacity in patients with CHF.  Simi-
lar to Riley,22 the 6MWT had good reproducibility only after 
the first of 3 trials, with a significant difference in distance 
walked between trial 1 and 2 (p = 0.03), but not between 
trials 2 and 3 (r = 0.98, p = 0.33).  The 6MWT was moder-



Cardiopulmonary Physical Therapy Journal Vol 21 ❖ No 1 ❖March 201018

ately correlated with peak VO2 levels (r = 0.69, p < 0.001). 
It was considered a significant predictor of peak VO2 < 14 
mL/kg/min, with 83% accuracy (p = 0.02), with the best 
cut-off distance being 450 meters (sensitivity 80%, speci-
ficity 83%). For distances less than 450 meters, the 6MWT 
lost its significance as a peak VO2 predictor. Findings of a 
multivariate analysis indicated that only SWT distance (p 
< 0.001) and not 6MWT distance was considered to be an 
independent predictor of peak VO2. The SWT was also only 
reproducible after a practice test, but overall, it was corre-
lated more strongly with peak VO2 than the 6MWT.

The authors suggest that one reason for the stronger 
correlation and predictive value of the SWT was because 
both the cycle ergometry test and the SWT are symptom 
limited, unlike the 6MWT which is time limited. Analysis 
of the clinical data also suggested that the SWT was a bet-
ter correlate to the exercise test in that the SWT was sig-
nificantly more strenuous for the patients than the 6MWT 
[with respect to maximum heart rate, systolic blood pres-
sure, and rate of perceived exertion (RPE)], but was not sig-
nificantly different when compared to the cycle ergometry 
test (with respect to systolic blood pressure and RPE). They 
concluded that the 6MWT appears inferior to the SWT with 
respect to predicting functional capacity as defined as peak 
VO2, although still considered to have good reproducibility, 
moderate correlation with peak VO2 levels, and is 83% ac-
curate in predicting peak VO2 (<14 mL/kg/min) as long as 
distance walked is greater than 450 meters. 

Myers19

Forty-one patients with CHF were assessed with com-
monly used function, health status, and quality of life mea-
sures, including maximal cardiopulmonary exercise testing, 
the Duke Activity Status Index (DASI), the Veterans Specific 
Activity Questionnaire (VSAQ), the Kansas City Cardiomy-
opathy Questionnaire (KCCQ), and the 6MWT.  Peak VO2 
demonstrated a significant but low relationship with the 
VSAQ score (r = 0.37) and no relationship with the DASI.  
Among the KCCQ domains, peak VO2 was significantly as-
sociated with quality of life score (r = 0.46) but not with 
physical limitations, symptoms, or clinical summary scores.  
The 6MWT distance was significantly though modestly re-
lated to peak VO2 (r = 0.49), KCCQ physical limitation (r = 
0.53), and clinical summary scores (r = 0.44). The authors 
suggest that commonly used functional measures, estimates 
of quality of life, and symptom tools in patients with CHF 
have modest associations with peak VO2 and with one an-
other. They further recommend that each test or instrument 
target a specific aspect of clinical status; they should not be 
considered interchangeable; and, that none of these mea-
sures alone is a reliable replacement for peak VO2.

O’Keefe23

While this longitudinal study did not examine peak VO2 
levels as it relates to the 6MWT, it did investigate the re-
producibility and responsiveness to change of the 6MWT, 
as well as the chronic heart failure questionnaire (CHQ), 
in more elderly patients (mean age 82 yrs, range 74-92) 
with heart failure. The 6MWT demonstrated excellent re-

producibility (after re-testing 3 and 8 weeks later) with an 
intraclass correlation coefficient R =0.91.  Data were only 
analyzed for the 24 of 45 patients who performed the sec-
ond test. They reported no major overall change in cardiac 
status; those who reported that they had gotten better or 
worse were excluded from the second test. This global rat-
ing of change had good to moderate correlation with the 
dyspnea quality of life (QOL) (r = .70), fatigue QOL (r = 
.69), and total QOL scores (r = .77) as well as with walk dis-
tance (r = .78), but less moderate correlation to emotional 
QOL scores (r = .46) and heart failure score (CHQ) (r = 
-.56). Since questionnaires were involved in this study, the 
subjective nature of patient’s answers could present bias. 
Despite possibly questionable assurance of lack of change 
with patient functional status between tests, the 6MWT 
demonstrated adequate reproducibility and responsiveness 
in elderly adults with CHF.  

Peeters20

In this prospective trial, 37 patients were included on 
a 6MWT and a symptom-limited treadmill test. Participants 
with CHF NYHA classes II (16 patients) and III (10 patients) 
were compared with healthy, untrained controls (10 pa-
tients). Interestingly, all patients preferred the 6MWT to 
the treadmill test. This study had 8 participants (22%) drop 
out due to being unable to perform the treadmill test. The 
6WMT distance was significantly different between NYHA 
classes II and III (p < .001), and control and NYHA class III 
(p < .001). No significant difference between control and 
NYHA class II. Significant lower symptomatic VO2 max oc-
curred in NYHA class III than in NYHA class II (p = .032).  
The authors concluded that the 6MWT was correlated with 
treadmill distance, well tolerated by the elderly, and pro-
vided functional differentiation between NYHA classes II 
and III.

Pulz21

This study investigated the incremental shuttle walk test 
(ISWT) and the 6MWT with respect to test-retest reproduc-
ibility and accuracy in predicting peak VO2 in patients with 
stable CHF.  The investigators used maximal incremental 
cardiopulmonary exercise testing to obtain peak VO2 lev-
els. All 63 patients underwent cardiopulmonary exercise 
testing and then on a separate day were randomly assigned 
to 4 walk test groups (2 6MWT, 2 ISWT) with the repeated 
test performed 30 minutes later. Patients were verbally en-
couraged throughout the 6MWT each minute. With respect 
to test reproducibility, there was no significant difference 
in mean values for the 6MWT, with the mean bias close to 
0 (1.96 SD). The 95% CI was 40 meters per Bland-Altman 
analysis. The 6MWT correlated well with peak VO2 levels 
(r = 0.76, p < 0.001), although there was wide variability in 
distance walked for the given peak VO2 level of 14 ml/kg/
min. The 6MWT was a significant predictor of significantly 
reduced peak VO2 (14 mL/kg/min or lower) with ROC curve 
= 0.91.  The best predictive cut-off distance was 490 meters 
(sensitivity 83%, specificity 83%). A significant limitation 
with this study with respect to predicting functional capac-
ity as measured by peak VO2 was that measurements were 
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taken over a short span of time. The patients were also rela-
tively young for people with CHF (51.3 yrs SD 10.2 yrs) 
and had a relatively “well-preserved” functional capacity, 
which may limit the predictive value of these tests.  The re-
sults of the study suggest that the ISWT and the 6MWT have 
comparably modestly good reproducibility and accuracy in 
predicting significantly reduced peak VO2 in patients with 
stable CHF. 

Riley22

In this study investigators assessed the reproducibility 
of the 6MWT and its validity as a measure of functional 
capacity in patients with CHF.  VO2 was measured not only 
during a treadmill exercise test, but also during perfor-
mance of the 6MWT, providing for additional comparison. 
The 6MWT had good reproducibility after the first of 3 trials 
with a significant difference in distance walked between 
trial 1 and 2, but not 2 and 3; the 6MWT comparing trial 
2 and 3 had a co-efficient of variance of 6.71. The 6MWT 
distance had good correlation with treadmill-measured 
peak VO2 (r = 0.88, p < 0.0001), as did the VO2 measured 
during the 6MWT (r = 0.90, p < 0.0001). Given that the 
VO2 measured during the 6MWT was less than the exercise 
treadmill test peak VO2 for all patients, it provides support 
for the notion that the 6MWT is a submaximal exercise test. 
Therefore the 6MWT provides for less variability in gait dy-
namics among subjects and a more accurate assessment of 
functional capacity. Patients may need to perform a prac-
tice trial of the 6MWT as reproducibility appears to only 
be accurate after the second test. The 6MWT has good cor-
relation with peak VO2, but is likely a better measure of 
submaximal exercise. 

Roul12

The purpose of this study was to evaluate the potential 
of the 6MWT compared with peak VO2 in predicting out-
come of patients with New York Heart Association (NYHA) 
class II or III heart failure.  A total of 121 male and female 
subjects between the ages of 18-76 (mean age 59 yrs SD 11 
yrs) with diagnosed heart failure for at least 3 months were 
included.  Reliability was established for 40 of the 121 sub-
jects by repeating the 6MWT twice in the same day (ICC = 
0.82).  This study has detection bias in that the 6MWT was 
not repeated in the whole study population.  And although 
the intraclass correlation was high, it cannot be concluded 
that any improvement would not be observed, particularly 
in those patients walking shorter distances, which could 
modify to some extent the results reported.  When using a 
threshold of 300 m the sensitivity of the 6MWT was 89%, 
specificity 60%, and positive predictive value 80%.  There 
was a moderate correlation between distance walked and 
peak VO2 when a distance of 300 m was used as a thresh-
old (r = 0.65).  

Zugck13

The purpose of this study was to prospectively examine 
whether the distance ambulated during a 6MWT correlated 
with peak VO2.  A total of 113 subjects with stable con-
gestive heart failure (NYHA I-III) and ejection fraction less 

than 35% underwent symptom-limited bicycle cardiopul-
monary exercise test while measuring peak VO2, and per-
formed the 6MWT.  Reliability was established by repeating 
the 6MWT for 10 subjects on 3 consecutive days (ICC = 
.96).  There was a moderate correlation between distance 
ambulated and peak VO2 (r = .69 in men, r = .59 in women, 
p = 0.001).  The 6MWT has predictive value of determin-
ing peak VO2 over time exhibited by moderate correlations 
between 6MWT and peak VO2 after 263 (SD 14) days (r = 
0.71, p < 0.001) and after 381 (SD 170) days (r = 0.74, p 
< 0.001).  The 6MWT correlated closely with peak oxygen 
uptake, has the ability to predict individual peak oxygen 
uptake, and can provide prognostic information of peak 
oxygen uptake.

DISCUSSION
Attempts to measure functional capacity in persons 

with chronic heart failure have varied from questionnaires, 
grouping into NYHA classes, peak VO2 measurement, and 
submaximal exercise testing.  The 6MWT is a low cost, sim-
ple test that requires little equipment and shows good to 
excellent test-retest reliability across the literature.  The re-
sults of the test, however, are not reliable until after the first 
trial;16,22 this will decrease the learning effect of the test.

The Shuttle Walk Test (SWT) may better correlate to a 
standard cardiopulmonary symptom-limited incremental 
exercise test than the 6MWT, as the 6MWT is distance-lim-
ited, self-paced, less strenuous, and therefore more sugges-
tive of submaximal functional capacity.17  Pulz21 does not 
agree with Green17 with respect to the relationship of the 
SWT and 6MWT with peak VO2, perhaps due to the larger 
sample size of Pulz’s21 study. 

Limitations of the studies relevant to this systematic re-
view include a lack of consistency for administration of the 
6MWT, including whether encouragement was given and 
the amount, whether the administrator of the test had expe-
rience in giving the test and the reliability of the tester, and 
whether the tester was blinded to the other tests and previ-
ous 6MWT results. When considering the accuracy of the 
peak VO2 measurements, many of the articles used cycle 
ergometry for their measurements, which may give results 
of peak VO2 as much as 10% less than maximal treadmill 
exercise test peak VO2.

16  Many studies used a population 
of only certain NYHA classes of CHF instead of a combina-
tion of all of the classes, which would decrease the ability 
to use the results in those classes of CHF that weren’t in-
cluded.  Also, the different terminology and definitions of 
functional capacity in the literature made it difficult to ex-
trapolate this information.  By limiting our article selection 
to the English language only, results may have bias through 
incomplete retrieval.  

Future studies should focus on increasing the quality 
of the research.  The items listed above should be better 
established, such as clearly defined 6MWT administration, 
how much encouragement is given, how much experience 
the testers have, blinding of testers, use of a control group, 
use of the maximal treadmill exercise test for a measure of 
peak VO2, and inclusion of patients from each of the four 
NYHA classes of CHF.
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CONCLUSION
This systematic review focused on the reliability and 

validity of the 6MWT for assessing functional capacity in 
people with CHF.  The correlation of the 6MWT to peak 
VO2 is moderate to good, with 6MWT being between 83% 
and 91% accurate in predicting peak VO2 if distance walked 
is less than 450 to 490 meters, respectively.16,21  Stronger 
correlations are observed when individuals with advanced 
heart failure walk a distance less than 300 meters in 6 min-
utes or have a low (<10 mL/kg/min) peak VO2.

12 The 6MWT 
is less of a predictor of peak VO2 in patients who have high-
er peak VO2 since the test is time limited and not symptom 
limited, making VO2 max difficult to predict in more fit pa-
tients.16 The 6MWT may give a better representation of a 
patient’s ability to perform submaximal activities of daily 
living.17,22 Using the 6MWT as a prognostic indicator may 
also be useful in serial evaluation of the patient’s status and/
or response to therapeutic interventions. In conclusion, the 
6MWT has moderate ability to predict peak VO2 and func-
tional capacity in those patients with CHF who walk less 
than 490 meters.  
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