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Abstract:
Ambulatory endurance is important for older adults interested in participating in life situations,
particularly in the community. This paper reviews distance requirements for community
ambulation and three measures for quantifying ambulatory endurance. The measurement
properties of the six-minute walk test are described.
Seventy-five percent of individuals in inpatient rehabilitation find community ambulation to be
essential or very important to them.1 Ambulatory endurance is a prerequisite to such ambulation.
Measures such as the widely used Functional Independent Measure (FIM), which describes
“independent ambulation” as walking a minimum of 46 meters without help or a device, do not
capture endurance.2 If problems of ambulatory endurance are to be identified and goals to be
established, ambulatory distances required in the community must be considered. Andrews et al,
recently described mean distance (standard deviation) requirements needed if individuals are to
manage in the community: post office = 52 (23) meters (m), bank = 57 (21) m, medical = 66
(32) m, pharmacy = 206 (27) m, department store = 346 (69) m, grocery store = 380 (86) m,
hardware store = 566 (39) m, superstore = 607 (101) m and club warehouse = 677 (159) m.3
The authors stated that these distances have not changed significantly since Lerner-Frankiel et al
published their study reporting mean distances for some similar community locations.4 The
distance walked during the performance of one instrumental activity of daily living task such as
shopping or visiting a healthcare practitioner has been described as 304 m for 17 subjects with
disabilities (average age 83) and 367 m for 19 without disabilities (average age 78).5, 6 Brown et
al, in a survey of older adults, identified a mean minimum distance for community ambulation to
most locations as just less than 200 m; the mean maximum distance was less than 600 m.7
Exceptions to these minimum and maximum distances were for hospital visits and for trips to
shopping malls and superstores. These results were similar to, but more conservative than those
of Cohen et al, who determined the maximum distance an elderly individual needed to be able to
walk to be considered “functional in the community” was 360 m.6 They, however, noted that
most subjects had two destinations per trip, making 720 m a requirement for community
ambulation.
Though the actual testing of ambulatory endurance in the community setting is not practical for
clinicians working with older adults, there are established tests that can inform as to ambulatory
endurance.
Background
The 6MWT was developed by Balke in1963 as a physical performance measure of functional
capacity.8 The test was modified from the 12 minute walk test originally developed by Cooper
and measures the maximum distance a person can walk in six minutes over a flat surface.9 The
test has since gained clinical acceptance due to its ease of set up, administration, patient
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tolerance, reproducibility and similarity to requirements of patient function and participation.
The 6MWT has been used for morbidity and mortality prognosis in clients with left ventricular
dysfunction,10 chronic obstructive pulmonary disease (COPD),11, 12 heart failure (HF),13, 14
primary pulmonary hypertension (PPH)15, 16 and to guide assessment for transplant.17, 18 It is now
also used in clients with cerebral palsy, stroke, multiple sclerosis, Parkinson disease, orthopedic
conditions such as hip and knee surgeries, fibromyalgia, and for people with cancer. The 6MWT
is appropriate in clients for whom endurance is a functional issue and improvement in
ambulation endurance will reduce participation restrictions.
Contraindications:
The American Thoracic Society (ATS) has identified absolute contraindications to performing
the 6MWT as any individual who has unstable angina and/or has had a myocardial infarction
during the previous month.19 Relative contraindications include a resting HR >120 beats per
minute, systolic blood pressure >180 mmHg or a diastolic blood pressure >100 mmHg.
Although the ATS has listed a myocardial infarction within the last month as an absolute
contraindication, another research team tested stable subjects within a week of an uncomplicated
myocardial infarction and found the 6MWT to be a safe and reproducible measure of functional
capacity.20
Test Protocol
The 6MWT is often administered in a hall corridor and could also be done on a treadmill
however, treadmill times are often slower.21-23 Distance achieved should be recorded in meters
(m) as most reference data for the test is presented in international units. Ideally, the course
should be 30 meters but is often shorter due to shorter hallway distances in many facilities.
Turnarounds should be well marked.
Instructions from the American Thoracic Society19
The client should sit at rest in a chair located near the starting position for approximately 10
minutes before the test starts. During this time, the pulse and blood pressure should be checked.
While standing, the client should rate his/her baseline shortness of breath and fatigue using an
appropriate rating scale. The client is told: “The object of this test is to walk as far as possible for
6 minutes. You will walk back and forth in this hallway. Six minutes is a long time to walk, so
you may be exerting yourself. You may get out of breath or become tired. You are permitted to
slow down, to stop, and to rest as necessary. You may lean against the wall while resting, but
resume walking as soon as you are able. You will be walking back and forth around the cones.
You should pivot briskly around the cones and continue back the other way without hesitation.”
The therapist should walk with subjects if they need supervision but not get ahead of them. The
following feedback is all that should be provided: After the 1st minute: “You are doing well. You
have 5 minutes to go” At 2 minutes: “Keep up the good work. You have 4 minutes to go” At 4
minutes: “Keep up the good work. You have only 2 minutes left.” At 5 minutes: “You are doing
well. You have only 1 minute to go” With 15 seconds remaining in the test: “In a moment I’m
going to tell you to stop. When I do, just stop right where you are and I will come to you.” At
end of test: “Stop!” At completion pulse and blood pressure are measured, post-walk ratings for
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shortness of breath, fatigue, and exertion are recorded and the tested individual is asked to
answer the question: “What, if anything, kept you from walking farther?”19(p113-114)
Factors that can affect six-minute walk test results:
The distance achieved during 6MWT can be affected by a number of different environmental or
physiologic variables including: shorter height, age, increased body weight, gender, disease and
the extent of disability within a diagnosis along with a shorter walking corridor causing more
frequent turns.24-26 In addition, the number of walk tests previously performed, encouragement
during the test, administration of medication before the test and use of supplemental oxygen can
all affect test results.27, 28
The course layout does have an effect on the distance walked with circular or oval courses
tending to allow subjects to walk further28, 29 although modifying the track from straight to
circular had only a small effect change of 13 m.28 Comparable results between indoor and
outdoor conditions were noted in a small study of individuals with COPD when reasonable
outdoor climatic conditions were used.30 Research has shown that second and third trials of the
6MWT tend to be better than the first trial, it is recommended that a practice trial (1or 2) be
allowed and record the results of the ensuing trial.19, 20, 25, 27, 31-33
Reliability
Test retest reliability: Overall the 6MWT test is very reliable with intraclass correlation
coefficients (ICCs) of .87-.99.20, 29, 30, 33-53 The minimum detectable change (MDC)95, which is
relevant to responsiveness, is large because the standard deviations of the people tested are high,
meaning variation is large on ambulation endurance. In studies of individuals with neurologic
disability, MDCs range from 20 m for people with chronic poliomyelitis40 to 106 m for people
with multiple sclerosis41 and 86 m for those with Parkinson disease.47 The MDCs for individuals
with cardiac conditions range from 18 to 90 m and in one particularly large study of 786
subjects, an MDC95 of 74 to 86 m was noted.45 A MDC95 of 87 m was noted in 470 individuals
with lung disease who performed the 6MWT on two successive days.29 In two separate studies of
older adults, the MDC95 was shown to range between 77-94 m.50, 51 Overall an MDC95 of 70-90
m would encompass most groups.
Validity
Construct validity: This is the 6MWT’s ability to measure functional endurance in ambulation.
The “gold standard” for aerobic endurance is peak VO2. Clinically this “gold standard” is often
not available, making the 6MWT a proxy measure of functional capacity. Criterion-related
validity indicates that the 6MWT can be used as a substitute for VO2 primarily in those with
HF54, 55 and COPD.56 Physical therapists have used the test as a physical performance measure
to assess changes in ambulation endurance (reported in the change over time section).
Researchers, exercise physiologists, physicians and therapists use the 6MWT similarly but for
different purposes. Each group must ask the question does the test measure the construct
(functional capacity or functional performance) as intended.
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Predictive Validity: Ambulation during the 6MWT of less than 300 m predicted an increased
likelihood of death within 6 months of hospital admission in individuals with left ventricular
dysfunction (n=898) in 20 hospitals in 3 separate countries.10 Additional studies have
demonstrated that in individuals with HF, a reduced 6MWT distance is predictive of increased
mortality in both males (355 m) and females (270 m)57 and a decrease in retest distance of 100 to
200 m in individuals with chronic heart disease was a prognostic predictor of early mortality.53,
58, 59
In a smaller study of individuals with PPH, a distance of 300 m or less indicated an
increased mortality risk by 2.4.15 The test is also used as part of an equation to predict outcome
in lung transplant clients.60, 61 In clients with cystic fibrosis awaiting transplant, each 50 m
increase in 6MWT distance translated into a 31% reduction in risk of death.18
Sensitivity/specificity: Related to predictive validity above, the 6MWT has high sensitivity for
the prediction of a clinical event or mortality in several disease conditions. In HF, a 6MWT
distance less than 340 m predicted a cardiac event with a sensitivity of 69% and specificity of
48%.13 A distance of less than 490 m predicted severely reduced peak VO2 (≤14 mL·kg-1·min-1)
in the CHF population.14 Individuals with COPD with a cut off score of greater than 500 m had
a sensitivity of survival of 96% while a score of 250 m had a sensitivity of 44% with a specificity
of 85%.12 In a study of individuals with COPD, a 69% sensitivity for mortality was observed
based on a cutoff of 350 m.11 In individuals awaiting lung transplantation, a 6MWT distance less
than 400 m showed 80% sensitivity for prediction of death.17 Predicting death using 6MWTdata
may help in health care on initiation or cessation of intervention.
Responsiveness
Although the 6MWT was devised for individuals with cardiopulmonary disease its use has
expanded beyond that to clients with neurological and orthopedic conditions. In this section,
studies that support change over time of the 6MWT will be reviewed based on diagnostic
category. The primary question is whether the 6MWT documents change over time with
intervention. Table 1 shows studies identifying change in walking distance following various
interventions in several different conditions or disease states. The interesting component of this
is that many of these significant changes are smaller than the MDCs outlined above. The test
does demonstrate its ability to measure change over time. The change over time has occurred in
seniors as well as in many diagnoses such as HF, pulmonary disease, diabetes, neurological
diseases and cancer. The change occurred in walking programs, resistance training, circuit
training, and hydrotherapy. The 6MWT minimal clinically important difference (MCID) has
been estimated at 54-80 m.62
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Table 1. Intervention effect on 6MWT distance
Disease or
Condition

Congestive
Heart Failure

Interventions

Outcomes (meters)
Unless otherwise noted

Significant increase
Supervised walking63
Home walking64
Exercise program 65, 66, 67, 68
Qi gong69
Meditation70, 71
Water exercise72
Interactive session with phone calls73

1063
3664
8465 12866 3767 6268
11469
5170, 71
11872
3673

No change
Exercise class74
Web-based intervention 66
Aerobic + resistance75
Significant increase
Various Exercise programs 29,76,77,78,79,80
Chronic Obstructive Land & water exercise81
Pulmonary Disease Resistance & endurance training82
Walking (rollator assisted)80
Long-term oxygen therapy plus home
ambulation83
Significant increase
Resistance training84,85

7076 42 & 61293577
4678,80 121 to end of
program then regressed
land, 4281 water, 5281
38-41%82
4680
1883
2484 7385

Diabetes
No change
Strength, balance, walking exercise (8
visits) 86

Post Stroke

Significant increase
Obstacle course walking87
Physical Therapy (18 sessions)88
Home-based stretching & resistance training
(36 visits)89
Circuit-based exercise 90
Intervention exercise group vs self-initiated
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exercise group followed one year91
No change
Home-based exercise with therapist92

Parkinson disease
(PD) & Multiple
Sclerosis (MS)

Cancer

Arthritis, Joint
Replacement,
Fibromyalgia

Seniors with
mobility problems

Significant increase
Resistance exercise PD
(36 sessions)93
Resistance exercise MS94

Significant increase
Resistance and Aerobic exercise95

11993
2494
8095 7796

Significant increase
Intensive functional rehabilitation in
osteoarthritis post knee arthroplasty97
Post hip arthroplasty when arm exercise
added98
Osteoarthritis using hydrotherapy99
Knee osteoarthritis and hydrotherapy100
Exercise in Fibromyalgia101,102

78, 93, 100 dependent on
rehab length97
405 vs 259 trained vs
control98
5199
12%100
27-34101 78102

Significant increase
Circuit-style exercise (10 sessions)103
Females in weight reduction program104
Aerobic training (18 months)105
Aerobic + resistance training (1 year)106

29103
22-29104
12%105
46106

Reference Data
A meta-analysis focused on normal values for seniors (60-90 years old)107 and involved 13
studies for a pooled sample size of 4809 men and women.51, 108-119 The meta-analysis reported
the normal distance to be 499 (480-519) m with a range from 475 (448-503) m for women and
524 (496-553) m for men. The 6MWT distance decreased as age increased as measured in ten
year cohorts through age 89. One study reported 90-94 year old women (n=79) as 326 (115) m
and male (n=48) as 368 (135) m.116
In 1035 people with New York Heart Association class I-III HF (mean age 55), the mean
distance walked for the 6MWT was 466 (113) m for males and 432 (111) m for females.57 In
674 people (mean age 50) with pulmonary arterial hypertension Class I-II, distance walked was
415 (86) m, Class III 319 (92) m and Class IV 192 (96) m.120 In 1053 people with severe
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emphysema (mean age 67) the 6MWT was 328 (89) m.121 These are the largest three studies
with 6MWT data posted. These scores are lower than the values reported for the community
dwelling elderly over the age of 60.
PAH
Severe
Healthy
CHF
Liver
Distance/
N=674
Emphysema
Disease
60-90 y/o
N=1069
x age 50
N=1053
speed
x age 67
N=250
x age 55
x age 47
550 m
1.53 m/s

NYHA I

♂

♂
500 m
1.39 m/s

NYHA II

♀
450 m
1.25 m/s

♀
♂
Class I & II

400
1.11 m/s

350 m
0.97 m/s

‡ Chronic
Hep B

NYHA III

♀

‡ Chronic
Hep C

Class III

Emphysem
a

300 m
0.83 m/s

‡ Liver
cirrhosis

Class IV

200 m
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DISCUSSION AND CONCLUSION
The 6MWT test is the most utilized test of ambulation endurance. For a few people it could be a
functional capacity test but in most cases it is an endurance test of walking speed. A therapist
can use the 6MWT to inform clients of their scores relative to norms for age, gender and
distance. The team of client and therapist can establish a plan using the MDC by diagnosis for
their goal. Clients can then set up their exercise program with the help of the therapist. Change
of score may help to motivate some clients to continue with an exercise program. Overall
measuring endurance helps the client and therapist move forward to increased ambulation
endurance in the community.
Data collection Form:
HR (bpm)

BP (mm Hg)

Borg (shortness
of breath) 0-10

Borg (fatigue)
0-10

Borg (exertion)
6-20

Pre-Test:
Post-Test:
What, if anything, kept you from walking farther?

Distance walked (nearest meter): ________________meters
# laps:

additional distance:

# rests:

Comments:
Borg Scale: Shortness of Breath and Fatigue
0 – nothing at all
0.5 – very, very slight (just noticeable)
1 – very slight
2 – slight (light)
3 – moderate
4 – somewhat severe
5 – severe (heavy)
6–
7 – very severe
8–
9–
10 – very, very severe (maximal)
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6 – no exertion at all
7 – extremely light
8–
9 – very light
10 –
11 – light
12 –
13 – somewhat hard
14 –
15 – hard (heavy)
16 –
17 – very hard
18 –
19 – extremely hard
20 – maximal exertion
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