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Dr. Markowitz:

I'm sorry that | was not able to participate in this meeting. | had heard about it and was told that |
was going to be informed ahead of time so that | could participate. But | was not apparently invited.
As an interested and functional party, | would like to provide some input regarding impairment
ratings and specifically respiratory impairments. | have been doing these since about 2008 within
the DOL/DEEOIC system. | have completed a total of nearly 1300 impairment evaluations and
reports, and approximately 500 of these have been completed within the last year.

Over the last year, the DEEOIC, in various successive forms have literally "harassed" me with ongoing
unfounded and unsubstantiated "remands" of my reports, even though every decision point and
every step | document are clearly and explicitly linked to specific directions and instruction in The
Guides. None of the rationale has been at all valid, but it has taken me an inordinate amount of time
to counter-argue their baseless claims. The biggest issue has been that they are NOT following the
5th Edition AMA Guides (The Guides), in many respects even though this is the required reference,
both in their policies and as mentioned in their authorization letters. However, they seem to think
this applies to the evaluation for and preparing of an impairment report, but does not seem apply to
their internal processes of reviews. They seem to make up things as they go along. If they know
better, and they should, and know that these have been inconsistent with The Guides, and they
should, then it is possible that this is also fraudulent. If they don't know that their positions have
been unsupportable, then | would question why they are not better trained and why they don't
really know The Guides, when they are tasked with managing a program that is so tied to this
reference. It really has been shameful how they have been adjudicating this program, and the
knowledge base from where they seem to come.

A big issue has been that NONE of the CMCs nor the Medical Director consider exercise tolerance for
a respiratory system impairment. They have never considered this as far as | have seen.  Most
other physicians also no longer consider this. Some have in the past but the Medical Director pretty
much shut this down with his own personal opinion, contrary to the explicit instructions in The
Guides. | have resisted this and was finally able to get an evaluation and opinion by the Policy
Branch in a Memorandum in December 2020, by Mr. Charles Bogino, Policy Analyst, who said that it
is appropriate to consider exercise capacity. He also said that The Guides does NOT list any specific
standards for completing exercise testing and that a 6-Minute Walk Test is not prohibited and is
appropriate for measuring exercise capacity, from a policy perspective. | have read some
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PURPOSE AND SCOPE

This statement provides practical guidelines for the 6-minute
walk test (6MWT). Specifically, it reviews indications, details
factors that influence results, presents a brief step-by-step pro-
tocol, outlines safety measures, describes proper patient prep-
aration and procedures, and offers guidelines for clinical inter-
pretation of results. These recommendations are not intended
to limit the use of alternative protocols for research studies.
We do not discuss the general topic of clinical exercise testing.

As with other American Thoracic Society statements on
pulmonary function testing, these guidelines come out of a
consensus conference. Drafts were prepared by two members
(P.L.E. and R.J.Z.) and were based on a comprehensive Med-
line literature search from 1970 through 2001, augmented by
suggestions from other committee members. Each draft re-
sponded to comments from the working committee. The guide-
lines follow previously published methods as closely as possi-
ble and provide a rationale for each specific recommendation.
The final recommendations represent a consensus of the com-
mittee. The committee recommends that these guidelines be
reviewed in five years and in the meantime encourages further
research in areas of controversy.

BACKGROUND

There are several modalities available for the objective evalu-
ation of functional exercise capacity. Some provide a very
complete assessment of all systems involved in exercise per-
formance (high tech), whereas others provide basic informa-
tion but are low tech and are simpler to perform. The modality
used should be chosen based on the clinical question to be ad-
dressed and on available resources. The most popular clinical
exercise tests in order of increasing complexity are stair climb-
ing, a 6 MWT, a shuttle-walk test, detection of exercise-induced
asthma, a cardiac stress test (e.g., Bruce protocol), and a cardio-
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pulmonary exercise test (1, 2). Other professional organiza-
tions have published standards for cardiac stress testing (3, 4).

Assessment of functional capacity has traditionally been
done by merely asking patients the following: “How many
flights of stairs can you climb or how many blocks can you
walk?” However, patients vary in their recollection and may
report overestimations or underestimations of their true func-
tional capacity. Objective measurements are usually better
than self-reports. In the early 1960s, Balke developed a simple
test to evaluate the functional capacity by measuring the dis-
tance walked during a defined period of time (5). A 12-minute
field performance test was then developed to evaluate the
level of physical fitness of healthy individuals (6). The walking
test was also adapted to assess disability in patients with
chronic bronchitis (7). In an attempt to accommodate patients
with respiratory disease for whom walking 12 minutes was too
exhausting, a 6-minute walk was found to perform as well as
the 12-minute walk (8). A recent review of functional walking
tests concluded that “the 6MWT is easy to administer, better
tolerated, and more reflective of activities of daily living than
the other walk tests” (9).

The 6MWT is a practical simple test that requires a 100-ft
hallway but no exercise equipment or advanced training for
technicians. Walking is an activity performed daily by all but
the most severely impaired patients. This test measures the dis-
tance that a patient can quickly walk on a flat, hard surface in a
period of 6 minutes (the 6MWD). It evaluates the global and in-
tegrated responses of all the systems involved during exercise,
including the pulmonary and cardiovascular systems, systemic
circulation, peripheral circulation, blood, neuromuscular units,
and muscle metabolism. It does not provide specific informa-
tion on the function of each of the different organs and systems
involved in exercise or the mechanism of exercise limitation, as
is possible with maximal cardiopulmonary exercise testing. The
self-paced 6OMWT assesses the submaximal level of functional
capacity. Most patients do not achieve maximal exercise capac-
ity during the 6MWT; instead, they choose their own intensity
of exercise and are allowed to stop and rest during the test.
However, because most activities of daily living are performed
at submaximal levels of exertion, the 6 MWD may better reflect
the functional exercise level for daily physical activities.

INDICATIONS AND LIMITATIONS

The strongest indication for the 6MWT is for measuring the re-
sponse to medical interventions in patients with moderate to
severe heart or lung disease. The 6MWT has also been used as
a one-time measure of functional status of patients, as well as a
predictor of morbidity and mortality (see Table 1 for a list of
these indications). The fact that investigators have used the
6MWT in these settings does not prove that the test is clinically
useful (or the best test) for determining functional capacity or
changes in functional capacity due to an intervention in pa-
tients with these diseases. Further studies are necessary to de-
termine the utility of the 6MWT in various clinical situations.
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Formal cardiopulmonary exercise testing provides a global
assessment of the exercise response, an objective determina-
tion of functional capacity and impairment, determination of
the appropriate intensity needed to perform prolonged exer-
cise, quantification of factors limiting exercise, and a defini-
tion of the underlying pathophysiologic mechanisms such as
the contribution of different organ systems involved in exer-
cise. The 6MWT does not determine peak oxygen uptake, di-
agnose the cause of dyspnea on exertion, or evaluate the
causes or mechanisms of exercise limitation (1, 2). The infor-
mation provided by a 6MWT should be considered comple-
mentary to cardiopulmonary exercise testing, not a replace-
ment for it. Despite the difference between these two functional
tests, some good correlations between them have been re-
ported. For example, a significant correlation (r = 0.73) be-
tween 6MWD and peak oxygen uptake has been reported for
patients with end-stage lung diseases (36, 37).

In some clinical situations, the 6MWT provides informa-
tion that may be a better index of the patient’s ability to per-
form daily activities than is peak oxygen uptake; for example,
6MWD correlates better with formal measures of quality of
life (38). Changes in 6MWD after therapeutic interventions
correlate with subjective improvement in dyspnea (39, 40).
The reproducibility of the 6MWD (with a coefficient of varia-
tion of approximately 8%) appears to be better than the re-
producibility of 1-second forced expiratory volume in patients
with chronic obstructive pulmonary disease (COPD) (8, 41—
43). Questionnaire indices of functional status have a larger
short-term variability (22-33%) than does the 6MWD (37).

The shuttle-walking test is similar to the 6MWT, but it uses
an audio signal from a tape cassette to direct the walking pace
of the patient back and forth on a 10-m course (44-47). The
walking speed is increased every minute, and the test ends when
the patient cannot reach the turnaround point within the re-
quired time. The exercise performed is similar to a symptom-
limited, maximal, incremental treadmill test. An advantage of
the shuttle walking test is that it has a better correlation with
peak oxygen uptake than the 6MWD. Disadvantages include
less validation, less widespread use, and more potential for
cardiovascular problems.

CONTRAINDICATIONS

Absolute contraindications for the 6MWT include the follow-
ing: unstable angina during the previous month and myocar-

TABLE 1. INDICATIONS FOR THE SIX-MINUTE WALK TEST

Pretreatment and posttreatment comparisons
Lung transplantation (9, 10)
Lung resection (11)
Lung volume reduction surgery (12, 13)
Pulmonary rehabilitation (14, 15)
COPD (16-18)
Pulmonary hypertension
Heart failure (19, 20)
Functional status (single measurement)
COPD (21, 22)
Cystic fibrosis (23, 24)
Heart failure (25-27)
Peripheral vascular disease (28, 29)
Fibromyalgia (30)
Older patients (31)
Predictor of morbidity and mortality
Heart failure (32, 33)
COPD (34, 35)
Primary pulmonary hypertension (10, 36)

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.

dial infarction during the previous month. Relative contraindi-
cations include a resting heart rate of more than 120, a systolic
blood pressure of more than 180 mm Hg, and a diastolic blood
pressure of more than 100 mm Hg.

Patients with any of these findings should be referred to the
physician ordering or supervising the test for individual clini-
cal assessment and a decision about the conduct of the test.
The results from a resting electrocardiogram done during the
previous 6 months should also be reviewed before testing. Sta-
ble exertional angina is not an absolute contraindication for a
6MWT, but patients with these symptoms should perform the
test after using their antiangina medication, and rescue nitrate
medication should be readily available.

Rationale

Patients with the previously mentioned risk factors may be at
increased risk for arrhythmias or cardiovascular collapse during
testing. However, each patient determines the intensity of their
exercise, and the test (without electrocardiogram monitoring)
has been performed in thousands of older persons (31, 48-50)
and thousands of patients with heart failure or cardiomyopathy
(32, 51, 52) without serious adverse events. The contraindica-
tions listed previously here were used by study investigators
based on their impressions of the general safety of the 6MWT
and their desire to be prudent, but it is unknown whether ad-
verse events would occur if such patients performed a 6MWT;
they are, therefore, listed as relative contraindications.

SAFETY ISSUES

1. Testing should be performed in a location where a rapid,
appropriate response to an emergency is possible. The ap-
propriate location of a crash cart should be determined by
the physician supervising the facility.

2. Supplies that must be available include oxygen, sublingual
nitroglycerine, aspirin, and albuterol (metered dose inhaler
or nebulizer). A telephone or other means should be in
place to enable a call for help.

3. The technician should be certified in cardiopulmonary re-
suscitation with a minimum of Basic Life Support by an
American Health Association—-approved cardiopulmonary
resuscitation course. Advanced cardiac life support certifi-
cation is desirable. Training, experience, and certification
in related health care fields (registered nurse, registered re-
spiratory therapist, certified pulmonary function techni-
cian, etc.) are also desirable. A certified individual should
be readily available to respond if needed.

4. Physicians are not required to be present during all tests.
The physician ordering the test or a supervising laboratory
physician may decide whether physician attendance at a
specific test is required.

5. If a patient is on chronic oxygen therapy, oxygen should be
given at their standard rate or as directed by a physician or
a protocol.

Reasons for immediately stopping a 6MWT include the follow-
ing: (1) chest pain, (2) intolerable dyspnea, (3) leg cramps, (4)
staggering, (5) diaphoresis, and (6) pale or ashen appearance.

Technicians must be trained to recognize these problems
and the appropriate responses. If a test is stopped for any of
these reasons, the patient should sit or lie supine as appropri-
ate depending on the severity or the event and the technician’s
assessment of the severity of the event and the risk of syncope.
The following should be obtained based on the judgment of
the technician: blood pressure, pulse rate, oxygen saturation,
and a physician evaluation. Oxygen should be administered as
appropriate.
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TECHNICAL ASPECTS OF THE 6MWT

Location

The 6MWT should be performed indoors, along a long, flat,
straight, enclosed corridor with a hard surface that is seldom
traveled. If the weather is comfortable, the test may be per-
formed outdoors. The walking course must be 30 m in length.
A 100-ft hallway is, therefore, required. The length of the cor-
ridor should be marked every 3 m. The turnaround points should
be marked with a cone (such as an orange traffic cone). A start-
ing line, which marks the beginning and end of each 60-m lap,
should be marked on the floor using brightly colored tape.

Rationale. A shorter corridor requires patients to take more
time to reverse directions more often, reducing the 6MWD.
Most studies have used a 30-m corridor, but some have used
20- or 50-m corridors (52-55). A recent multicenter study
found no significant effect of the length of straight courses
ranging from 50 to 164 ft, but patients walked farther on con-
tinuous (oval) tracks (mean 92 ft farther) (54).

The use of a treadmill to determine the 6 MWD might save
space and allow constant monitoring during the exercise, but
the use of a treadmill for 6-minute walk testing is not recom-
mended. Patients are unable to pace themselves on a tread-
mill. In one study of patients with severe lung disease, the
mean distance walked on the treadmill during 6 minutes (with
the speed adjusted by the patients) was shorter by a mean of
14% when compared with the standard 6 MWD using a 100-ft
hallway (57). The range of differences was wide, with patients
walking between 400-1,300 ft on the treadmill who walked
1,200 ft in the hallway. Treadmill test results, therefore, are
not interchangeable with corridor tests.

REQUIRED EQUIPMENT

Countdown timer (or stopwatch)

Mechanical lap counter

Two small cones to mark the turnaround points

A chair that can be easily moved along the walking course
Worksheets on a clipboard

A source of oxygen

Sphygmomanometer

Telephone

Automated electronic defibrillator

RS Rl S

PATIENT PREPARATION

1. Comfortable clothing should be worn.

2. Appropriate shoes for walking should be worn.

3. Patients should use their usual walking aids during the test
(cane, walker, etc.).

4. The patient’s usual medical regimen should be continued.

5. A light meal is acceptable before early morning or early af-
ternoon tests.

6. Patients should not have exercised vigorously within 2 hours
of beginning the test.

MEASUREMENTS

1. Repeat testing should be performed about the same time
of day to minimize intraday variability.

2. A “warm-up” period before the test should not be performed.

3. The patient should sit at rest in a chair, located near the
starting position, for at least 10 minutes before the test
starts. During this time, check for contraindications, mea-
sure pulse and blood pressure, and make sure that cloth-
ing and shoes are appropriate. Compete the first portion
of the worksheet (see the APPENDIX).
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4. Pulse oximetry is optional. If it is performed, measure and
record baseline heart rate and oxygen saturation (SpO,)
and follow manufacturer’s instructions to maximize the sig-
nal and to minimize motion artifact (56, 57). Make sure the
readings are stable before recording. Note pulse regularity
and whether the oximeter signal quality is acceptable.

The rationale for measuring oxygen saturation is that al-
though the distance is the primary outcome measure, im-
provement during serial evaluations may be manifest either
by an increased distance or by reduced symptoms with the
same distance walked (39). The SpO, should not be used for
constant monitoring during the exercise. The technician
must not walk with the patient to observe the SpO,. If worn
during the walk, the pulse oximeter must be lightweight (less
than 2 pounds), battery powered, and held in place (perhaps
by a “fanny pack”) so that the patient does not have to hold
or stabilize it and so that stride is not affected. Many pulse
oximeters have considerable motion artifact that prevents
accurate readings during the walk. (57)

5. Have the patient stand and rate their baseline dyspnea
and overall fatigue using the Borg scale (see Table 2 for
the Borg scale and instructions [58]).

6. Set the lap counter to zero and the timer to 6 minutes. As-
semble all necessary equipment (lap counter, timer, clip-
board, Borg Scale, worksheet) and move to the starting
point.

7. Instruct the patient as follows:

“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 will be exerting your-
self. You will probably get out of breath or become ex-
hausted. You are permitted to slow down, to stop, and to
rest as necessary. You may lean against the wall while rest-
ing, 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. Now I'm going to
show you. Please watch the way I turn without hesitation.”

Demonstrate by walking one lap yourself. Walk and
pivot around a cone briskly.

“Are you ready to do that? I am going to use this
counter to keep track of the number of laps you complete. I
will click it each time you turn around at this starting line.
Remember that the object is to walk AS FAR AS POSSI-
BLE for 6 minutes, but don’t run or jog.

Start now, or whenever you are ready.”

TABLE 2. THE BORG SCALE

Nothing at all

Very, very slight (just noticeable)
Very slight

Slight (light)

Moderate

Somewhat severe

Severe (heavy)

Very severe

(9.}

10 Very, very severe (maximal)

This Borg scale should be printed on heavy paper (11 inches high and perhaps lami-
nated) in 20-point type size. At the beginning of the 6-minute exercise, show the scale
to the patient and ask the patient this: “Please grade your level of shortness of breath
using this scale.” Then ask this: “Please grade your level of fatigue using this scale.”

At the end of the exercise, remind the patient of the breathing number that they
chose before the exercise and ask the patient to grade their breathing level again. Then
ask the patient to grade their level of fatigue, after reminding them of their grade be-
fore the exercise.
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8. Position the patient at the starting line. You should also
stand near the starting line during the test. Do not walk
with the patient. As soon as the patient starts to walk,
start the timer.

9. Do not talk to anyone during the walk. Use an even tone
of voice when using the standard phrases of encourage-
ment. Watch the patient. Do not get distracted and lose
count of the laps. Each time the participant returns to the
starting line, click the lap counter once (or mark the lap
on the worksheet). Let the participant see you do it. Ex-
aggerate the click using body language, like using a stop-
watch at a race.

After the first minute, tell the patient the following (in
even tones): “You are doing well. You have 5 minutes to
go.”

When the timer shows 4 minutes remaining, tell the pa-
tient the following: “Keep up the good work. You have 4
minutes to go.”

When the timer shows 3 minutes remaining, tell the pa-
tient the following: “You are doing well. You are halfway
done.”

When the timer shows 2 minutes remaining, tell the pa-
tient the following: “Keep up the good work. You have only
2 minutes left.”

When the timer shows only 1 minute remaining, tell the
patient: “You are doing well. You have only 1 minute to
go.”

Do not use other words of encouragement (or body lan-
guage to speed up).

If the patient stops walking during the test and needs a
rest, say this: “You can lean against the wall if you would
like; then continue walking whenever you feel able.” Do
not stop the timer. If the patient stops before the 6 minutes
are up and refuses to continue (or you decide that they
should not continue), wheel the chair over for the patient to
sit on, discontinue the walk, and note on the worksheet the
distance, the time stopped, and the reason for stopping pre-
maturely.

When the timer is 15 seconds from completion, say this:
“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.”

When the timer rings (or buzzes), say this: “Stop!” Walk
over to the patient. Consider taking the chair if they look
exhausted. Mark the spot where they stopped by placing a
bean bag or a piece of tape on the floor.

10. Post-test: Record the postwalk Borg dyspnea and fatigue
levels and ask this: “What, if anything, kept you from walk-
ing farther?”

11. If using a pulse oximeter, measure SpO, and pulse rate
from the oximeter and then remove the sensor.

12. Record the number of laps from the counter (or tick marks
on the worksheet).

13. Record the additional distance covered (the number of meters
in the final partial lap) using the markers on the wall as dis-
tance guides. Calculate the total distance walked, rounding to
the nearest meter, and record it on the worksheet.

14. Congratulate the patient on good effort and offer a drink
of water.

QUALITY ASSURANCE

Sources of Variability

There are many sources of 6MWD variability (see Table 3).
The sources of variability caused by the test procedure itself
should be controlled as much as possible. This is done by fol-

lowing the standards found in this document and by using a
quality-assurance program.

Practice Tests

A practice test is not needed in most clinical settings but
should be considered. If a practice test is done, wait for at least
1 hour before the second test and report the highest 6(MWD as
the patient’s 6 MWD baseline.

Rationale. The 6MWD is only slightly higher for a second
6MWT performed a day later. The mean reported increase
ranges from 0 to 17% (23, 27, 40, 41, 54, 59). A multicenter
study of 470 highly motivated patients with severe COPD per-
formed two 6MWTs 1 day apart, and on average, the 6MWD
was only 66 ft (5.8%) higher on the second day (54).

Performance (without an intervention) usually reaches a
plateau after two tests done within a week (8, 60). The training
effect may be due to improved coordination, finding optimal
stride length, and overcoming anxiety. The possibility of a
practice or training effect from tests repeated after more than
a month has not been studied or reported; however, it is likely
that the effect of training wears off (does not persist) after a
few weeks.

Technician Training and Experience

Technicians who perform 6MWTs should be trained using the
standard protocol and then supervised for several tests before
performing them alone. They should also have completed car-
diopulmonary resuscitation training.

Rationale. One multicenter study of older people found
that after correction for many other factors, two of the techni-
cians had mean 6MWDs that were approximately 7% lower
than the other two sites (31).

Encouragement

Only the standardized phrases for encouragement (as speci-
fied previously here) must be used during the test.

Rationale. Encouragement significantly increases the dis-
tance walked (42). Reproducibility for tests with and without
encouragement is similar. Some studies have used encourage-
ment every 30 seconds, every minute, or every 2 minutes. We
have chosen every minute and standard phrases. Some studies
(53) have instructed patients to walk as fast as possible. Al-
though larger mean 6MWDs may be obtained thereby, we rec-
ommend that such phrases not be used, as they emphasize ini-
tial speed at the expense of earlier fatigue and possible
excessive cardiac stress in some patients with heart disease.

TABLE 3. 6MWD SOURCES OF VARIABILITY

Factors reducing the 6MWD

Shorter height

Older age

Higher body weight

Female sex

Impaired cognition

A shorter corridor (more turns)

Pulmonary disease (COPD, asthma, cystic fibrosis, interstitial lung disease)

Cardiovascular disease (angina, MI, CHF, stroke, TIA, PVD, AAl)

Musculoskeletal disorders (arthritis, ankle, knee, or hip injuries, muscle wasting, etc.)
Factors increasing the 6MWD

Taller height (longer legs)

Male sex

High motivation

A patient who has previously performed the test

Medication for a disabling disease taken just before the test

Oxygen supplementation in patients with exercise-induced hypoxemia

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; 6MWD =
6-minute walking distance.
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Supplemental Oxygen

If oxygen supplementation is needed during the walks and se-
rial tests are planned (after an intervention other than oxygen
therapy), then during all walks by that patient oxygen should
be delivered in the same way with the same flow. If the flow
must be increased during subsequent visits due to worsening
gas exchange, this should be noted on the worksheet and con-
sidered during interpretation of the change noted in 6MWD.
The type of oxygen delivery device should also be noted on
the report: for instance, the patient carried liquid oxygen or
pushed or pulled an oxygen tank, the delivery was pulsed or
continuous, or a technician walked behind the patient with the
oxygen source (not recommended). Measurements of pulse
and SpO, should be made after waiting at least 10 minutes af-
ter any change in oxygen delivery.

Rationale. For patients with COPD or interstitial lung dis-
ease, oxygen supplementation increases the 6MWD (17, 59,
61, 63). Carrying a portable gas container (but not using it for
supplemental oxygen) reduced the mean 6MWD by 14% in
one study of patients with severe respiratory disability, but us-
ing the container to deliver supplemental oxygen during the
exercise increased the mean 6MWD by 20-35% (59).

Medications

The type of medication, dose, and number of hours taken be-
fore the test should be noted.

Rationale. Significant improvement in the distance walked,
or the dyspnea scale, after administration of bronchodilators
has been demonstrated in patients with COPD (62, 63), as well
as cardiovascular medications in patients with heart failure (19).

INTERPRETATION

Most 6MWTs will be done before and after intervention, and
the primary question to be answered after both tests have
been completed is whether the patient has experienced a clini-
cally significant improvement. With a good quality-assurance
program, with patients tested by the same technician, and af-
ter one or two practice tests, short-term reproducibility of the
6MWD is excellent (37). It is not known whether it is best for
clinical purposes to express change in 6 MWD as (/) an abso-
lute value, (2) a percentage change, or (3) a change in the per-
centage of predicted value. Until further research is available,
we recommend that change in 6 MWD be expressed as an ab-
solute value (e.g., the patient walked 50 m farther).

A statistically significant mean increase in 6MWD in a
group of study participants is often much less than a clinically
significant increase in an individual patient. In one study of
112 patients (half of them women) with stable, severe COPD,
the smallest difference in 6MWD that was associated with a
noticeable clinical difference in the patients’ perception of ex-
ercise performance was a mean of 54 m (95% confidence in-
terval, 37-71 m) (64). This study suggests that for individual
patients with COPD, an improvement of more than 70 m in
the 6MWD after an intervention is necessary to be 95% confi-
dent that the improvement was significant. In an observational
study of 45 older patients with heart failure, the smallest dif-
ference in 6GMWD that was associated with a noticeable differ-
ence in their global rating of worsening was a mean of 43 m
(20). The 6MWD was more responsive to deterioration than
to improvement in heart failure symptoms.

Reported Mean Changes in 6MWD After Interventions

Supplemental oxygen (4 L/min) during exercise in patients with
COPD or interstitial lung disease increased mean 6MWD by
approximately 95 m (36%) in one study (59). Patients taking
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an inhaled corticosteroid experienced a mean 33 m (8%) in-
crease in 6MWD in an international COPD study (16). Pa-
tients with COPD in a study of the effects of exercise and dia-
phragmatic strength training experienced a mean increase in
6MWD of 50 m (20%) (65). Lung volume reduction surgery in
patients with very severe COPD has been reported to increase
6MWD by a mean of 55 m (20%) (13).

Cardiac rehabilitation in patients referred with various heart
diseases increased 6MWD by a mean of 170 m (15%) in a recent
study (66). In 25 older patients with heart failure, an angiotensin-
converting enzyme inhibitor medication (50 mg captopril per
day) improved 6MWD a mean of 64 m (39%) compared with a
mean increase of only 8% in those receiving a placebo (19).

Interpreting Single Measurements of Functional Status

Optimal reference equations from healthy population-based
samples using standardized 6MWT methods are not yet avail-
able. In one study, the median 6 MWD was approximately 580
m for 117 healthy men and 500 m for 173 healthy women (50).
A mean 6MWD of 630 m was reported by another study of 51
healthy older adults (55). Differences in the population sam-
pled, type and frequency of encouragement, corridor length,
and number of practice tests may account for reported differ-
ences in mean 6MWD in healthy persons. Age, height, weight,
and sex independently affect the 6MWD in healthy adults;
therefore, these factors should be taken into consideration
when interpreting the results of single measurements made to
determine functional status. We encourage investigators to pub-
lish reference equations for healthy persons using the previ-
ously mentioned standardized procedures.

A low 6MWD is nonspecific and nondiagnostic. When the
6MWD is reduced, a thorough search for the cause of the im-
pairment is warranted. The following tests may then be help-
ful: pulmonary function, cardiac function, ankle-arm index,
muscle strength, nutritional status, orthopedic function, and
cognitive function.

Conclusions

The 6MWT is a useful measure of functional capacity targeted
at people with at least moderately severe impairment. The test
has been widely used for preoperative and postoperative eval-
uation and for measuring the response to therapeutic inter-
ventions for pulmonary and cardiac disease. These guidelines
provide a standardized approach to performing the 6MWT.
The committee hopes that these guidelines will encourage fur-
ther research into the 6MWT and allow direct comparisons
among different studies.

This statement was developed by the ATS Committee on Proficiency Stan-
dards for Clinical Pulmonary Function Laboratories.
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APPENDIX

The following elements should be present on the 6MWT worksheet and report:

Lap counter:

Patient name: Patient ID#
Walk#__ Tech ID: Date:
Gender: M F Age:_ Race:_ Height: ___ft_ in, _ meters
Weight: _ 1bs, _ kg Blood pressure: ___ /__
Medications taken before the test (dose and time):
Supplemental oxygen during the test: No Yes, flow__ L/min, type _____
Baseline End of Test
Time o o
Heart Rate -
Dyspnea ____ (Borgscale)
Fatigue ____ (Borgscale)
SpO, % _ %

Stopped or paused before 6 minutes? No Yes, reason:

Other symptoms at end of exercise: angina dizziness

hip, leg, or calf pain

Number of laps: (X60 meters) + final partial lap: meters =
Total distance walked in 6 minutes: meters
Predicted distance: meters Percent predicted: %

Tech comments:

Interpretation (including comparison with a preintervention 6MWD):






Table 2

6 Minute Walk Test Distance Conversion Table
Standard estimates from 6MWD (feet walked) to METs
Based on ACSM metabolic prediction equation formula for horizontal walking.”

Distance in Distancein
feet meters MPH | Meters'min-t | VO2(ml-kg-1-min-1) METs
500 152 .94 25 6.04 1.73
510 155 .96 26 6.09 1.74
520 159 .98 26 6.14 1.75
530 162 1.00 27 6.19 1.77
540 165 1.02 27 6.24 1.78
550 168 1.04 28 6.29 1.80
560 171 1.06 28 6.35 1.81
570 174 1.08 29 6.39 1.83
580 177 1.10 29 6.45 1.84
590 180 1.11 30 6.50 1.86
600 183 1.13 30 6.55 1.87
610 186 1.15 31 6.59 1.89
620 189 1.17 32 6.65 1.90
630 192 1.19 32 6.70 1.91
640 195 1.21 33 6.75 1.93
650 198 1.23 33 6.80 1.94
660 201 1.25 34 6.85 1.96
670 204 1.27 34 6.90 1.97
680 207 1.28 35 6.95 1.99
690 210 1.30 35 7.00 2.00
700 213 1.32 36 7.06 2.02
710 216 1.34 36 7.11 2.03
720 219 1.36 37 7.16 2.05
730 223 1.38 37 7.21 2.06
740 226 1.40 38 7.26 2.07
750 229 1.42 38 7.31 2.09
760 232 144 39 7.36 2.10
770 235 1.45 39 7.41 2.12
780 238 1.47 40 7.46 2.13
790 241 1.49 40 7.51 2.15
800 244 151 41 7.56 2.16
810 247 1.53 41 7.62 2.18
820 250 1.55 42 7.67 2.19
830 253 1.57 42 7.72 2.20
840 256 1.59 43 7.77 2.22
850 259 1.61 43 7.82 2.23
860 262 1.62 44 7.87 2.25
870 265 1.64 44 7.92 2.26
880 268 1.66 45 7.97 2.28
890 271 1.68 45 8.02 2.29
900 274 1.7 46 8.07 2.31






Distance in Distance in
feet meters MPH | Meters-min-! | VO2(ml-kg!-min) METSs
910 277 1.72 46 8.12 2.32
920 280 1.74 47 8.17 2.34
930 283 1.76 47 8.22 2.35
940 287 1.78 48 8.28 2.36
950 290 1.79 48 8.33 2.38
960 293 1.81 49 8.38 2.39
970 296 1.83 49 8.43 241
980 299 1.85 50 8.47 2.42
990 302 1.87 50 8.52 2.44
1000 305 1.89 51 8.58 2.45
1100 335 2.08 56 9.08 2.60
1200 366 2.26 61 9.59 2.74
1300 396 2.45 66 10.10 2.89
1400 427 2.64 71 10.61 3.03
1500 457 2.83 76 11.12 3.18
1600 488 3.02 81 11.62 3.32
1700 518 3.21 86 12.13 3.47
1800 549 3.40 91 12.64 3.61
1900 579 3.59 97 13.15 3.76
2000 610 3.70 102 13.66 3.90
2100 640 3.97 107 14.16 4.05
2200 671 4.16 112 14.67 4.19
2300 701 4.34 117 15.18 4.34
2400 732 4.53 122 15.69 4.48
2500 762 4.72 127 16.20 4.63
2600 792 491 132 16.70 4.77
2700 823 5.10 137 17.22 4,92
2800 853 5.29 142 17.72 5.06
2900 884 5.48 147 18.23 5.21
3000 914 5.67 152 18.74 5.35

Formula is most accurate for estimating MET levels for horizontal walking speeds between
1.9 to 3.7 mph (50-100 m-min‘1).

*VO2 (METs)=[0.1 x speed (m'min?) + 3.5mLO2-kg-min™ ] + 3.5mLO2-kg-min*

ACSM's Guidelines for Exercise Testing and Prescription, 9t ed. Philadelphia, PA: Wolters Kluwer
Lippincott Williams & Wilkins. 2014, p 173
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Abstract





Pulmonary hypertension is a common occurrence in advanced COPD, but its 

effects on exercise capacity remain undetermined. Exercise testing and an 

echocardiographic examination were performed in 29 patients with advanced stable 

COPD. Mean pulmonary artery pressure (mPAP) was calculated from the acceleration 

time of pulmonary flow. Exercise capacity was evaluated by the distance walked 

in 6 min (6MWD) and by an incremental cardiopulmonary exercise test (CPET). The 

patients had a forced expiratory volume in 1s of 1.13+/-0.49 L, and a 6MWD of 

305+/-66 m (mean+/-SD). The CPET (n=24) showed a: maximum workload of 52+/-25 W, 

a peak O(2) uptake of 13.8+/-4.4 mL/kg/min, a peak heart rate of 127+/-22 bpm, a 

peak respiratory exchange ratio 1.06+/-0.11, a ventilation (V(E))/CO(2) 

production slope of 37+/-11, and a peak O(2) pulse 7.5+/-2.3 mL. The peak V(E) 

was 41+/-15 L/min, and the calculated maximum voluntary V(E) 45+/-20 L/min. 

There was no difference in any of the CPET variables and 6MWD between the 

patients with a mPAP<30 mm Hg (mPAP 22+/-6 mm Hg, n=15) and those with a 

mPAP>30 mm Hg (mPAP 38+/-6 mm Hg, n=14). There was no correlation between PAP 

and any of the exercise measurements. These results suggest that exercise 

capacity in unselected patients with advanced COPD and mild to moderate 

pulmonary hypertension is essentially limited by exhaustion of the ventilatory 

reserve.
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Appendix G
Modified Borg Dyspnea Scale

*|nstructions for Borg Dyspnea Scale

Use this scale to rate the difficulty of your breathing.

It starts at number O where your breathing is causing you no difficulty at all and
progresses through to number 10 where your breathing difficulty is maximal.

How much difficulty is your breathing causing you right now?

o

Nothing at all

o
ol

Very, very slight (just noticeable

Very slight
Slight
Moderate

Somewhat severe

Severe

Very severe

O O N| O O &~ W| N B~

Very, very severe (almost maximal)

[ =Y
o

Maximal






		*Instructions for Borg Dyspnea Scale
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        Bulthuis, Y, Drossaers-Bakker, W, Oosterveld, F, van der Palen, J, and van de Laar, M. Arm crank ergometer is reliable and valid for measuring aerobic capacity during submaximal exercise. J Strength Cond Res 24(10): 2809-2815, 2010-Measuring physical fitness becomes more important. Yet most instruments depend upon the function of the lower extremities. Hence, we investigated whether an adapted submaximal arm crank test on an ergometer for the upper body is reliable to use, and if the submaximal test for the arm crank ergometer is valid compared to the test on the bicycle ergometer. Different types of reliability measures of the adapted submaximal test on an arm crank ergometer were assessed in healthy volunteers, such as test-retest, interobserver, interergometer, and between arm crank and bicycle ergometer. A crossover design was used. The measurements were proportionally distributed over 30 volunteers. Based on the intraclass correlation coefficient (ICC) and the magnitude of within-person differences, we revealed a good reliability of the submaximal test. For the test-retest reliability, the ICC was 0.76, the interobserver reliability was 0.82, and the interergometer reliability 0.63. In addition, the criterion validity was also tested by comparing the calculated V̇o2max during the submaximal test on the arm crank ergometer and on the bicycle ergometer. Between V̇o2max on the arm crank and bicycle ergometer, an ICC of 0.64 was found. The results of the submaximal test on the arm crank ergometer are reliable and valid as compared with those on the bicycle crank ergometer. We showed that the submaximal test on the arm crank ergometer is suitable for measuring physical fitness in healthy people. We expect that disabled people can use this submaximal test on the arm crank ergometer for measuring their physical fitness, also.


      

    
Introduction


      Beyond any doubt, exercise has physical and psychological benefits to health (21). In healthy people but especially in disabled persons, attention for exercise is warranted (4,9,15,18,25,26). In recent years, there is an increasing use of physical training programs. Although in healthy people assessment of physical fitness is generally performed on the lower extremities, in many patients, the lower extremities are impaired. Examples are patients with surgery on the lower extremity, paraplegia, and patients with amputations. To assess physical fitness in these patients, development of valid measurements for the upper extremities is mandatory to evaluate their improvement because of exercise.


      The best and most accurate way to determine the aerobic capacity is the direct measurement of the maximum oxygen uptake (V̇o2max) during a maximal test (16,22). However, this method is expensive, time consuming and often difficult to perform. To assess physical fitness more easily, there are several alternative submaximal field tests for the lower extremities. Examples are the Harvard step test (20), Craft step test (19), 6-minute walking test (10), and the Åstrand-Ryhming test on a bicycle ergometer (3). The latter is validated and the most widely used submaximal exercise test (1,19,27).


      Although impairment of the lower extremities is prevalent, submaximal test generally depend upon normal function of the lower extremities. Nowadays, individuals who suffer from lower extremity injuries often use arm crank exercise as a training mode to improve their cardiorespiratory fitness during the rehabilitation process. To the best of our knowledge, no standard submaximal arm crank test is available to measure aerobic capacity in these patients and thus the effectiveness of training. Therefore, a specially adapted submaximal test have been used in this study.


      We anticipated differences between submaximal tests performed with the arms and with the legs. Previous investigations have demonstrated differences in physiological responses between leg and arm exercises (4,7,12-14). Explanations for these differences are the relatively smaller muscle mass in the upper body and differences in training status between the arm and leg muscles (23). The use of a smaller muscle mass means that only approximately 60% of the maximal leg load can be achieved using the arm crank ergometer (16). Therefore, it is needed that the workload during the submaximal arm crank ergometer field test is titrated upon the individual and started with a minimal workload.


      The goal of this study is to determine whether a submaximal arm crank test can be used for the assessment of the physical fitness in an individual. Moreover, we try to establish the reliability and validity of this method in predicting the V̇o2max.


      Methods


      Experimental Approach to the Problem


      To test the validity of the adapted submaximal arm crank ergometer test, we used 2 arm crank ergometers and 1 bicycle ergometer. In healthy subjects, an adapted submaximal test was used, comparable to the Åstrand-Ryhming test. Between both arm crank ergometer tests, we compared the results of the average heart rate during the fifth and sixth minutes. Between the arm crank ergometer and bicycle ergometer, we compared the predicted V̇o2max.


      Subjects


      Healthy volunteers were selected among students of the Saxion Hogeschool and employees of the Medisch Spectrum Twente hospital, Enschede, the Netherlands. The Ethical Committee approved the study and subjects were included after giving written informed consent.


      For 30 healthy volunteers, a crossover design has been used for reliability and validity of the tests. Each subject performed a maximum of 3 tests. The selection and sequence of the different assessments in each person was random. Fifteen volunteers were asked to perform the test on the arm crank ergometer twice (test-retest reliability). Eight volunteers were selected to do a test on an arm crank ergometer twice observed by 2 different persons (interobserver reliability). Fifteen volunteers performed a test on 2 different arm crank ergometers (interergometer reliability) and an additional test on a bicycle ergometer (criterion validity). Only 1 volunteer was not able to perform the last test (arm crank ergometer) because of unrelated injury.


      The demographics and baseline characteristics are shown in Table 1. The ergometer test was completed within 6 minutes by 94% of the volunteers.

[image: Table 1]Table 1: Demographic and (baseline) characters of all volunteers (n = 30) used in the crossover design of this study, to measure the reliability and validity of the arm crank ergometer.*
Procedures


      In this study, we used the comparable arm crank and bicycle ergometer, Ergo-circle 1200™ and Ergo-cycle 1500™, respectively (see Figure 1).

[image: Figure 1]Figure 1: The arm crank ergometer (model Ergo-circle 1200) used in this study, from the company ERGO-FIT.
During the arm cranking test, the elbows were at no time fully extended, and the individual was sitting. During the different arm crank tests, for each subject, the same increase of load was used. During the bicycle ergometer test, the knees were at no time fully extended. The resting heart rate and body weight (kilograms) were recorded before the test. The resting heart rate was measured with a heart rate monitor after relaxation of 2 minutes. To create a constant rhythm of frequency rotations during the test, people practice before the submaximal test with a load of 25 W.


      The submaximal test was performed as follows: The exercise tests lasted 6 minutes while the frequency of rotations (55-65 per minute) was kept constant. We used a starting load of 25 W instead of the standard 50 W as used in the Åstrand-Ryhming test. During the first 3 minutes of each test, the resistance was increased with steps of 5 W instead of 25 W. The aim was to reach a heart rate between 60 and 85% of the expected maximum heart rate (HRmax = 2202age), instead of 70% of the age-related HRmax in the Åstrand-Ryhming test. After the first 3 minutes, the resistance was kept constant. During the fifth and sixth minutes, the aim was to establish a steady heart rate, allowing a maximum fluctuation of 5b·min−1. When this steady state had not yet been reached, the test was extended up to a maximum of 10 minutes.


      The subjects refrained from smoking or taking coffee, heavy meals, or alcohol for at least 2 hours before the test. To ensure stable assessments, intensively physical exercise before or between the tests was not allowed, and the tests had at least a 24 hours' interval. Each individual completed all tests within a fortnight. The variables, heart rate (b·min−1), used energy (kcal), load (W), and rotations per minute (rpm) were measured each minute.


      Statistical Analyses


      The maximal oxygen uptake (V̇o2max) was calculated using the equation of the Åstrand-Ryhming nomogram (Estimated max V̇o2 [ml·kg−1·min−1] = Estimated O2 [ml·min−1] × ∗Age Correction Factor/Weight [kg]) (3,12,17).


      The equation for men is as follows:


      [image: ]

      The equation for women is as follows:


      [image: ]

      where b·min−1 = mean exercise heart rate between the fifth and sixth minutes and W = mean wattage during 6 minutes.


      After analyzing the distribution of the data, and where applicable normalization of the data, comparability was tested by using the intraclass correlation coefficient (ICC). Intraclass correlation coefficients were considered excellent when >0.75, fair to good when ≥0.40 to ≤0.75, and poor when <0.40 (11). Because the ICC does not provide information on the magnitude of within-person differences, a Bland-Altman plot was constructed (5). The relation between V̇o2max arm and V̇o2max leg was tested with a univariate linear regression analysis.


      The limit of statistical significance was set at p ≤ 0.05 (2-sided). Power analyses were performed to find the subject sample sizes for all tests. For test-retest, interergometer and validity tests, a sample size of at least 13 persons was calculated to find a correlation of 0.70 (alpha = 0.05, beta = 0.20). The interobserver-reliability correlation was set higher at 0.8 (alpha = 0.05) because of rigidity of the protocol. Moreover, it was expected that the observer had a minimal effect on the outcome of the tests. This resulted in a sample size of 9 subjects. Analyses were performed using the statistical package SPSS (version 12.0.1 SPSS for Windows).


      Results


      Reliability


      The test-retest differences (n = 14) in heart rate during the fifth and sixth minutes were on average 2.25 b·min−1 (SD = 7.74). During the retest, the average heart rate was usually lower. Figure 2 presents the Bland and Altman plot, which shows the intraindividual heart rate difference against the individual average heart rate during the fifth and sixth minutes measured with the submaximal arm crank ergometer tests. The 95% limits of agreement are 17.42 and −12.92 b·min−1. For the test-retest on the arm crank ergometer, an ICC of 0.76 was found (95%CI; 0.41-0.92, p < 0.001).

[image: Figure 2]Figure 2: Test-retest differences of a submaximal test on an arm crank ergometer (n = 14). This shows the intraindividual difference of the heart rate against the individual average heart rate during the fifth and sixth minutes between 2 tests. It also presents the 95% limits of agreement (dashed lines 17.42 and −12.92 b·min−1) and the horizontal solid line represents the mean difference of both change scores (2.25 b·min−1).
An ICC of 0.82 was found when 2 different observers evaluated the same test (95%CI; 0.35-0.96, p = 0.003). Figure 3 illustrates the interobserver differences (n = 8) of each individual. It shows the intraindividual difference of heart rate against the average individual heart rate during the fifth and sixth minutes on the submaximal arm crank ergometer tested by 2 observers. The mean difference between both heart rates was −3.81 b·min−1 (SD = 6.71). The 95% limits of agreement are 9.34 and −16.96 b·min−1).

[image: Figure 3]Figure 3: Interobserver differences of a submaximal test on an arm crank ergometer (n = 8): This shows the intraindividual difference of the heart rate against the individual average heart rate during the fifth and sixth minutes tested by 2 different observers. It also presents the 95% limits of agreement (dashed lines 9.34.and −16.96.b·min−1) and the horizontal solid line represents the mean difference of both change scores (−3.81 b·min−1).
When subjects performed the same test on 2 crank ergometers of the same model, the ICC was fair to good (ICC = 0.63, 95% CI; 0.19-0.86, p = 0.004).


      Interarm crank ergometer differences (n = 15) of each individual are shown in Figure 4. This shows the intraindividual difference of the heart rate against mean individual average heart rate during the fifth and sixth minutes with a submaximal test on 2 different crank ergometers. The mean difference of heart rate of all individuals is −0.50 b·min−1. The 95% limits of agreement are 15.98 and −16.98 b·min−1.

[image: Figure 4]Figure 4: Interergometer differences during a submaximal test (n = 15): This shows the intraindividual difference of the heart rate against the individual average heart rate during the fifth and sixth minutes, measured on 2 different arm crank ergometers. It also presents the 95% limits of agreement (dashed lines, 15.98 and −16.98.b·min−1) and the horizontal solid line represents the mean difference of both change scores (−0.5 b·min−1).
Criterion Validity


      The external validity of the arm crank ergometer was assessed by comparing the estimated V̇o2max obtained with the arm crank ergometer and the results obtained with the bicycle ergometer. Although the heart rate during the submaximal tests was relative low (minimal 60% of the age-related maximum heart rate), an ICC of 0.64 was found (95% CI; 0.21-0.86, p = 0.004).


      Because the ICC does not provide information on the magnitude of within-person differences, a Bland-Altman plot was constructed to show the individual differences between observations with the mean difference between observations (5). The Bland-Altman plot in Figure 5 illustrates the individual differences between arm crank and bicycle ergometer against the mean V̇o2max of the arm crank and bicycle ergometer. A mean difference between bicycle ergometer and arm crank ergometer of 18.6 ml·kg−1·min−1 was found, with a 95% limit of agreement between 2.4 and 34.8. The residuals were distributed normally and no coherence was found (r = 0.197, p = 0.482).

[image: Figure 5]Figure 5: Agreement between the V̇o2max of the arm crank and bicycle ergometer (n = 15). This shows the intraindividual difference of the V̇o2max against the individual average V̇o2max during the fifth and sixth minutes on a submaximal test. The dashed lines represent the 95% limits of agreement (2.4 and 34.8 ml·kg−1·min−1). The horizontal solid line represents the mean difference between both change scores (18.6 ml·kg−1·min−1).
Although it is important to have a valid and reliable test, an algorithm is necessary to convert the results of an arm crank ergometer to V̇o2max obtained from the Åstrand-Ryhming bicycle ergometer. The linear regression analysis revealed the next equation: V̇o2max bicycle ergometer = 25.85 + 0.75∗V̇o2max arm crank ergometer (95% CI: 0.22-1.29).


      Discussion


      Up to the present, there has been very limited submaximal method for assessing the aerobic capacity using the upper extremities only. In this study, we have investigated the reliability and validity of the adapted submaximal test on the arm crank ergometer. The test-retest reliability is good. The test results are equal by repeated measurements within 1 individual. Therefore, this submaximal test using an arm crank ergometer is suitable for evaluating the improvements of training. In addition, an excellent interobserver reliability was found, which indicates that the tester has minimal influence on the test. The reliability between 2 arm crank ergometers is fairly good (0.63). Obviously, it is preferable to use the same arm crank ergometer for successive tests in the evaluation of the physical fitness of 1 person. The within-person differences are small in this test, except for 1 subject who had a higher heart rate during 1 test because of hastiness. The ICC between the arm crank and bicycle ergometer is fairly good (0.64). Based on the ICC and the Bland and Altman plot, the submaximal test on the arm crank ergometer is a valid instrument for measuring physical fitness. This is important for evaluation of training programs in patients with impairment of their lower extremities.


      One drawback of the present study might be the use of a surrogate assessment of the V̇o2max instead of the maximal exercise test. However, local fatigue in the arms is the main limiting factor to complete a maximal arm crank test with oxygen intake (16). The Åstrand-Ryhming method is 1 of the submaximal exercise tests that is robust, valid, and generally accepted for assessing V̇o2max (24). Moreover, a minimum heart rate of 130 b·min−1 (as required by the original Åstrand protocol) proved not to be feasible on the arm crank ergometer. Therefore, we choose to use the Åstrand-Ryhming test as described before. This guaranteed the core requirements of the test, namely, a steady heart rate at an appropriate submaximal work rate.


      The crossover design is a very powerful methodology and statistically efficient for this study in which 4 different types of tests were used. This justifies the used number of 30 subjects.


      Although the arm crank ergometer proved to be valid and reliable, a formula is necessary to convert the results of an arm crank ergometer to V̇o2max values that are comparable with the Åstrand-Rhyming bicycle ergometer. This is important in case where comparisons with nomograms are desired. The linear regression analysis revealed the equation: V̇o2max bicycle ergometer = 25.85 + 0.75∗V̇o2max arm crank ergometer (95% CI: 0.22-1.29). We note that this linear analysis is performed in a small selected population. Generalization is therefore not obvious. Moreover, in this study, we used healthy volunteers. The validity of the test has not been formally proven for disabled persons.


      However, in another study, the Disabled Arthritis Patients Posthospitalization Intensive Exercise Rehabilitation (DAPPER) study, we used this test in elderly patients with arthritis (6). About 80% of the patients were able to perform this arm crank test. About 10% break off the test because of pain, tiredness, or dizziness. About 5% were not able to keep a constant rhythm of at least 55 rpm.


      During a hospital stay the submaximal test is too hard to endure for at least 45% of the patients.


      Because of the limited muscle mass of the arms, the oxygen uptake and the load during arm exercise is lower compared to leg exercises. Previous studies showed that the workload appropriate for leg training needs to be reduced by 50-60% for arm training (4,13). Our findings with respect to workload in legs and arms are in line with those of preceding studies.


      In conclusion, our data show that the arm crank ergometer can be used to measure physical fitness. Moreover, the test on the arm crank ergometer is reliable and valid. We showed that the calculated V̇o2max using an adapted submaximal Åstrand-Rhyming test is a reliable and valid test.


      Practical Applications


      Physical fitness is an important outcome parameter. Especially if the physical fitness is moderate, the standard maximal or submaximal leg test may be difficult to perform. The proposed adapted submaximal Åstrand-Ryhming test using an arm crank ergometer is a useful reliable and valid alternative test. Examples of people who can use the test are patients with surgery on the lower extremity, paraplegia and patients with amputations.
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ABSTRACT

AINSWORTH, B. E,., W. L. HASKELL, M. C. WHITT, M. L. IRWIN, A. M. SWARTZ, S .]. STRATH, W. L. O’'BRIEN, D. R.
BASSETT, JR., K. H. SCHMITZ, P. O EMPLAINCOURT, D. R. JACOBS, JR., and A. S. LEON. Compendium of physical activities:
an update of activity codes and MET intensities. Med. Sci. Sports Exerc., Vol. 32, No. 9, Suppl., pp. S498-8516, 2000. We provide
an updated version of the Compendium of Physical Activities, a coding scheme that classifies specific physical activity (PA) by rate
of energy expenditure. It was developed to enhance the comparability of results across studies using self-reports of PA. The
Compendium coding scheme links a five-digit code that describes physical activities by major headings (e.g., occupation, transpor-
tation, etc.) and specific activities within each major heading with its intensity, defined as the ratio of work metabolic rate to a standard
resting metabolic rate (MET). Energy expenditure in MET-minutes, MET-hours, kcal, or kcal per kilogram body weight can be
estimated for specific activities by type or MET intensity. Additions to the Compendium were obtained from studies describing daily
PA patterns of adults and studies measuring the energy cost of specific physical activities in field settings. The updated version includes
two new major headings of volunteer and religious activities, extends the number of specific activities from 477 to 605. and provides
updated MET intensity levels for selected activities. Key Words: EXERCISE, EXERTION, ENERGY EXPENDITURE

he Compendium of Physical Activities was devel- sents measured MET intensities for some activities in which
oped to facilitate the coding of physical activities METs were estimated from similar activities. The updated
(PAs) obtained from PA records, logs, and surveys Compendium also reflects public health interests in evalu-
and to promote comparison of coded physical activity in- ating the contributions of various types of physical activity
tensity levels across observational studies (1). The Compen- to daily energy expenditure by providing additional catego-
dium provides a coding scheme that links a five-digit code, ries for activities done during the day.
representing the specific activities performed in various The initial Compendium has received widespread accep-
settings, with their respective metabolic equivalent (MET) tance among PA specialists in the exercise science and
intensity levels. Using the definition for a MET as the ratio public health fields. For example, in the United States, the
of work metabolic rate to a standard resting metabolic rate coding scheme has been used to identify MET intensities for
of 1.0 (4.184 kIykg "h~!, 1 MET is considered a resting PAs in the third National Health and Nutrition Examination
metabolic rate obtained during quiet sitting. Activities are Survey (6), the 1991 National Health Interview Survey (11),
listed in the Compendium as multiples of the resting MET the Paffenbarger College Alumni Study (15}, and to evalu-
level and range from 0.9 (sleeping) to 18 METs (running at ate the accuracy of the Minnesota Leisure Time Physical
10.9 mph). Activity Questionnaire (MN-LTPA) (26). Internationally,
We provide an update of the initial Compendium of the Compendium has been used to identify MET intensities

Physical Activities, developed in 1989 and published in for activities listed in the MONICA Optional Survey of
1993. The updated Compendium reflects additional activi- Physical Activity (MOSPA) (12). The coding scheme and
ties identified by researchers in the past 10 years and pre- MET intensities for activities listed in the Compendium of
Physical Activities also have been published as an appendix
0195.6131 /00/359-0498 " or abstracted as a chart in several books (18-20,34).
MEDICINE & SCIENCE IN SPORTS & EXERCISEg, In their landmark 1995 paper that presents the recommen-
Copyright © 2000 by the International Life Sciences Institute dation of the Centers for Disease Control and Prevention
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(CDC) and the American College of Sports Medicine (ACSM)
for adults to accumulate at least 30 min of regular, moderate-
intensity physical activity on most days of the week, Pate et al.
(23) cite the Compendium as a reference that researchers,
clinicians, and practitioners can use to identify examples of
moderate intensity physical activities.

The updated Compendium includes two additional major
headings and 129 new specific activities. It also provides
modifications of 94 codes in the 1993 Compendium, adding
or deleting specific activities or providing updated MET
levels. The new major headings and most of the specific
activities were identified from studies using PA records to
identify daily PA habits among adults (2,3) and from per-
sonal communications from other investigators who re-
ported activities omitted from the initial Compendium. Up-
dated MET levels were obtained from laboratory and field
studies designed to measure the energy cost for specific PAs
(4,7-9,16,17,21,22,24,27-30,32,35,37). We have also clar-
ified the meaning of the letter T followed by three numbers
(i.e., TO1Q) as activities and their associated MET levels
defined by Dr. Henry Taylor for the MN-LTPA (31). The
letter T is now replaced by the words Taylor Code and
followed by the MN-LTPA survey item number (e.g., Tay-
lor Code 010). In this paper we present the updated Com-
pendium of Physical Activities (Appendix 1) and recom-
mendations for its implementation to identify PA habits
using PA records.

CODING SCHEME

Activity coding. The reader is referred to the 1993
published version of the Compendium (1) for a detailed
description of the coding scheme, organization, and meth-
ods used to calculate the energy cost of PAs. Briefly, the
Compendium is organized to maximize flexibility in coding,
data entry, and interpretation of energy cost for each class
and type of PA. The coding scheme employs a five-digit
code to categorize activities by their major purpose or head-
ing (first two digits), specific activity (last three digits), and
intensity (separate two- or three-digit column). For example,
the five-digit code, 06100, is defined as follows:

Major Heading  Specific Activity MET intensity
06 100 5.0
Home Repair  Cleaning Gutters

Based on the model proposed by Pate et al. (23) for
classifying the MET intensity of PAs (light, < 3 METs;
moderate, 3—-6 METs; vigorous, > 6 METs), the activity
code 06100 is clagsified as moderate intensity.

Major headings. Two additional major headings were
added to the updated Compendiury of Physical Activities for
a total of 21 major types of PAs (Table 1).

The two new categories, religious activities and volunteer
activities, were identified from the use of PA records in the
Cross-Cultural Activity Participation Study (CAPS) (2).
CAPS was an observational study of PA habits among
African American, Native American, and Caucasian

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

TABLE 1. Major tvpes of activities in Version 2 of the Gompendium of Physical
Activities; new major headings are ifalicized.

01-Bicycling 08-Lawn and Garden 15-Sports
02-Conditioning Exercises 09-Miscellaneous 16-Transportation
03-Dancing 10-Music Playing 17-Walking

18-Water Activities
19-Winter Activities
20-Religious Activities
21-Volunteer Activities

04-Fighing and Hunting
05-Home Activities
06-Home Repair
07-Inactivity

11-Occupation
12-Running
13-Self Care
14-Sexual Activity

women, ages 40 yr and older. The new categories include 43
specific activities that are culturally and socially relevant
among ethnic minorities and/or older adults. Religious and
ceremonial activities play a central role in the lives of many
older adults, especially among ethnic minority groups (5).
Among retired people and others not employed in occupa-
tional settings, volunteer activities also commonly represent
an important contribution to daily energy expenditure.

Specific activities. The updated Compendium con-
tains 603 specific activities, including 129 new activities
added to the 1993 Compendium. Modifications were also
made to 94 PAs listed in the 1993 Compendium, which
involved adding or deleting specific activities associated
with each code. For example, for the code 08030, lawn and
garden activities, the phrase “wheelbarrow chores” was
added to the 1993 Compendium’s specifications of clearing
land and hauling branches. In other cases, activities were
removed from existing codes and new codes were devel-
oped if the removed activities had a different MET level or
were qualitatively different from other specific activities
listed for the code. For example, the 1993 Compendium
listed mopping as a specific activity in code 05020, home
activities, However, Emplaincourt (7) measured the MET
intensity for mopping as 3.5 METs and the MET intensity
for the other activities in the code was listed as 3.0 METs.
Thus, mopping was deleted from code 05020 and a new
code, 05021, was created. Another example is watching
television. In 1993, watching television was coded as 07010
(reclining) or 07020 (sitting) and was grouped with other
specific activities that involved sitting quietly (i.e., riding in
a car, listening to a lecture or to music) or reclining and
doing nothing. Because watching television is a sedentary
but modifiable leisure time activity that may be related to
the increased prevalence of physical inactivity (36), over-
weight, and obesity in the United States (13,14), the authors
felt that watching television should have a separate code to
monitor time spent in this activity. In the updated Compen-
dium, the codes 07010 and 07020 refer to watching televi-
sion only. New codes have been added for the remaining
inactive reclining (07011) and sitting (07021) activities.
Table 2 presents the new five-digit codes, and Table 3
presents the modifications for existing codes as incorporated
in the updated Compendium.

Intensity of activities. All activities are assigned an
intensity level based on the rate of energy expenditure
expressed as METs. Intensity of activities in the Compen-
dium is classified as multiples of 1 MET or as the ratio of
the associated metabolic rate for the specific activity divided
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TABLE 2. New codes in Version 2 of the Compendium of Physicai Activities.

Major Heading Code Number METs Example
Bicycling 01015 8.0 Bicycling, general
Conditioning Exercises 02101 25 Mild stretching
Dancing 03016 8.5 Aerobic, step, with 6-8 inch step
03017 10.0 Aerobic, step, with 10-12 inch step
03031 45 Disco, folk, square, line dancing, irish step dancing, polka, contra, and country dancing.
03050 55 Arishinaabe Jingle Dancing or other traditional American Indian dancing
Home Activities 05021 35 Mopping
05025 2.5 Multiple household tasks all at once, light effort
05026 35 Multiple household tasks all at once, moderate effort
05027 40 Multiple household tasks all at once, vigorous effort
05043 35 Vacuuming
05045 6.0 Butchering animals
05053 2.5 Feeding animals
05148 2.5 Watering plants
05149 25 Building a fire inside
05181 3.0 Carrying small children
05187 4.8 Elder care, disabled adults, only active periods
05188 1.5 Reclining with baby
05190 25 Sitting, playing with animals, light, only active periods
05181 28 Standing, playing with animais, light, only active periods
05192 2.8 Walk/run, playing with animals, light, only active periods
05193 40 Walk/run, playing with animals, moderate, only active periods
05194 5.0 Wallk/run, playing with animals, vigorous, only active periods
05195 3.5 Standing-bathing dog
Lawn and Garder 06165 45 Painting (Taylor Code 630)
Inactivity 07011 1.0 Lying queitly, done nothing, lying in bed awake, listening to music (not talking or reading)
07021 1.0 Sitting quietly, sitting smoking, listening to music {not falking or reading), watching a movie in 2 theater
Lawn and Garder 08125 45 Mowing lawn, power mower (Taylor Code 590}
08165 40 Raking lawn (Taylor Code 60C)
04246 3.0 Picking fruit off trees, picking fruits/vegetables, moderate effort
Miscellaneous 09071 2.8 Standing-miscelianeous
05075 15 Sitting—arts and crafts, light effori
09080 240 Sitting—arts and crafts, moderate effort
09085 1.8 Standing—arts and crafts, light effort
09090 3.0 Standing—arts and crafts, moderate effort
09095 35 Standing—arts and crafts, vigorous effort
09100 1.5 Retreat/family reunion activities involving sitting, relaxing, talking, eating
09105 20 Touring/traveling/vacation involving walking and riding
09110 25 Camping involving standing, walking, sitting, light-te-moderate effort
03115 1.5 Sitting at a sporting event, spectator
Occupation 11015 25 Bakery, light effort
11121 3.0 Custodial, buffing the floor with an electric buffer
11122 25 Custodial, cleaning sink and toilet, light effort
11123 25 Custodial, dusting, light effart
11124 40 Custodial, feathering arena floor, moderate effort
11125 35 Custodial, general cleaning, moderate effort
11126 35 Custodial, mopping, moderate effort
11127 30 Custodial, take out trash, moderate effort
11128 25 Custodial, vacuuming, light effort
11129 30 Custodial, vacuuming, moderate effort
11151 40 Farming, chasing cattle or other livestock on herseback, moderate effort
11152 20 Farming, chasing cattle or other livestock, driving, light effort
1191 6.0 Farming, taking care of animals {grooming, brushing, shearing sheep, assisting with birthing, medicai care, branding}
11495 12.0 Skin diving or SCUBA diving as a frogman {Navy Seal)
11615 40 Lifting items continuously, 10~20 Ibs, with limited walking or resting
11765 3.5 Tailoring, weaving
11796 3.0 Walking, gathering things at work, ready to leave
11805 40 Walking, pushing a wheelchair
Running 12027 45 Jogging on a mini-trampoline
Self Care 13036 1.0 Taking medicatior, sitting or standing
13045 2.5 Hairstyling
13046 1.0 Having hair or nails done by someone else, sitting
Sports 15265 45 Golf, walking and carrying clubs
15285 43 Golf, walking and pulling clubs
15591 12.5 Roller blading (in-line skating)
15685 5.0 Tennis, doubies play
15711 8.0 Volleyball, competitive play in a gymnasium
15732 40 Track and field (shot, discus, hammer throw)
15733 6.0 Track and field {high jump, fong jump, triple jump, javelin, pole vault)
15734 10.0 Track and field (steeplechase, hurdies)
Transportation 16015 1.0 Riding in a car or truck
16016 1.0 Riding in a bus
Walking 17031 3.0 Loading/unioading a car
17085 25 Bird watching
7108 4.0 Pushing a wheeichair, non occupational setting
17151 20 Walking. less than 2.0 mph, leve: ground, strolling, very slow
17152 25 Walking, 2.0 mph, level, slow pace, firm surface
17161 25 Waiking from house to car or bus, from car or bus to go places, from car or bus to and from the work site
17162 25 Waiking to neighbor’s house or family’s house for sociai reasons
17165 3.0 Walking the dog
17231 8.0 Walking. 5.0 mph
17280 2.5 Walking to and from an outhouse
Water Activities 18025 33 Canoeing, harvesting wild rice, knocking rice off the stalks
18355 4.0 Water aerobics, water calisthenics
18366 8.0 Water jogging
Religious Activities 20000-20100 Addition of 24 new codes and description of activities
Volunteer Activities 21000-21070 Addition of 19 new codes and description of activities
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TABLE 3. Modified codes in Version 2 of the Compendium of Physical Activities.

Major Heading Code Number Modification Made
Bicycling 01010 Removed word “general” from the description of activities
Conditioning Exercises 02010 Changed MET level from 5.0 t0 7.0
02020 Added “jumping jacks” to the description of activities
02030 Changed MET fevel from 4.5 to 3.5
02040 Added “including some aerobic movement with minimal rest” to the description of activities
02065 Changed MET leve! from 6.0 to 9.0
02070 Changed MET level form 9.5 t6 7.0
02080 Changed MET level from 8.51t0 7.0
02090 Added “jazzercise” to the description of activities
02100 Changed MET level from 4.0 10 2.5
Dancing 03010 Changed MET level from 6.0 to 4.8; Added “jazz, tap, jitterbug” to the description of activites
03015 Changed MET level from 6.0 16 6.5
03025 Added “Greek, Middie Eastern, hula, flamenco, belly, ang swing dancing” to the description of activities
03030 Changed description of activities to “baliroom dancing fast (Taylor Code 125)"
03040 Added “samba, tango, 19 Century, mambo, chacha” to the description of activities
Fishing and Hunting 04001 Changed MET level from 4.0 to 3.0
04020 Changed MET lavel from 5.0 to 4.0
Home Activities 05010 Changed MET level from 2.5 t0 3.3
05020 Changed MET level from 4.5 tc 3.0; Removed “mopping” from the description of activities
05030 Changed MET level from 3.5 tc 3.0
05040 Removed “vacuuming” and “moderate effort” from the description of activities
05042 Changed MET tavef from 2.3 t¢ 2.5
05050 Changed MET igvef from 2.5 to 2.0; Added “manual appliances” to the description of activities
05055 Added “carrying groceries” to the description of activities
05056 Changed MET level from 8.0t0 7.5
05060 Changed MET level from 3.5 to 2.3; Changed description of activities to “foad shopping with or without a groceyr cart, standing or walking”
05066 Delgted this category for “Walking-shopping {non-grocery) shopping
05120 Added, “carrying boxes”
05130 Changed MET levet from 5.5 to 3.8; Added activities “scrubbing bathroom, bathtub” to description of activities
05145 Deleted this category for “moving household itesm, carrying boxes”
05160 Changed MET level from 2.5 to 2.0
05170 Added “only active periods” to the description of activities
05171 Addad “only active periods” to the description of activities
05175 Added “only active periods” fo the description of activities
05180 Added “only active peridos” to the description of activities
05185 Changed MET levet from 3.0 to 2.5; Added “general” to the description of activities
05186 Changed MET levei from 3.5 to 3.0
Home Repair 06020 Changed MET level from 4.5 to 4.0
06050 Added “building a fence” to the description of activities
06140 Added “repairing appliances” to the description of activities
06230 Added “painting fence” to the description of activites
inactivity 07010 Changed MET level from 0.9 to 1.0; Change description of activities to “lying quietly, watching television”
07020 Changed description of activities to “Sitting quietly and watching television”
tawn and Garden 08030 Added “wheelbarrow chores” to the description of activities
08050 Added “composting” to the description of activities
08060 Removed “(see occupation, shoveling)” and added “chain saw”
08120 Changed MET fevel from 4.5 to 5.5; Removed “(Taylor Code 610"
08140 Changed MET level from 4.0 to 4.5
08160 Changed MET devel from 4.0 to 4.3; Removed “{Taylor Code 600)”
08215 Added “Using leat biower, edger” to description of activities
08245 Changed MET Jevel from 5.0 to 4.0
08250 Added “picking flowers or vegetables” to description of activities
Miscellaneous 09020 Change MET levei from 2.0 to 2.3, Add “duplicating machine” to description of activities
09040 Added “typing” to description of activities
Occupation 11010 Added “moderate effort” to the description of activities
11070 Added “making bed {nursing)” to the description of activities
11140 Added “vigorous effort” fo the description of activities
11150 Addad “(walking), moderate effort” to the description of aetivities
11160 Added “cutting hay, irrigation work” to the description of activities
11180 Added “horses™ to the description of activities
11260 Added “cleaning. corral or_barn. vigorous effort” to the description of activities
11220 Added “light sffort” to the description of activitias
11230 Addsd “moderate: effort” to' the: description: of activities
11528 Ghanged MET level from 8.0-t0-4.0
115880 Added-“sitting; reading, driving at work® tc the description of activities
11585 Added “eating at & business meeting” to the description of activities
11590 Added “teaching stretching or yoga™
11600 Changed MET level from 2.5 t0.2.3; Changed.the description of activities.ta read “standing, light {bartending, store clerk, assembling, filing,
duplicating, putting up a Christmas tree. standing and talking at work, changing clothes when teaching physical education”
11620 Added “intermitient” {o. the description: of activities
Running 12160 Replaced “running” with “jogging’; Changed to code 12025
12190 Removed "wheelchair wheeling”
Self Care 13050 Changed-MET level from 4.0 10:2.0
Sports 15250 Changed MET lavef from 3.5.10 8.0
15260 Deleted: this code for the-Taylor Code: 090 for-“golf; carrying clubs”
15280 Deleted this coda for the Taylor Code: 080 for “goif, pulling clubs®
15380 Added “grooming horse” to the descriptior: of activities
15680 Represents. Taylor Code 430 intensity leve! for doubles tennis
15710 Represents Tayior Code 400 intensity levet for competitive volleyball
Walking 17010 Removed “general™ from the description of activities
17100 Added “or walk with children” to the description: of activities
17140 Changed the mET fevel from 4.0 to 5.0 :
17150 Changed description of activities to “household walking”
17160 Changed the MET level from 2.5 to 3.5 and changed description of activities to “walking for pleasure (Taylor Code 010)"
17180 Changed the MET level from 3.0 to 2.8
17190 Changed the MET level from 3.5 t0 3.3
17200 Changed the MET level from 4.0 to 3.8; Added “walking for exercise” to the description of activities
17220 Changed MET level from 4.0 to 5.0
17230 Changed MET level from 4.5 t0 6.3
17250 Removed “walking the dog” from the description of activities
Water Activities 18170 Changed code number to Occupational, 11495
18240 Changed MET level from 8.0 t0 7.0
18250 Changed MET level from 8.0 to 7.6
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by a standard RMR. In the 1993 Compendium, MET values
were assigned to each activity based on the “best represen-
tation” of an intensity level from published lists and selected
unpublished data (1). For activities not in original lists or in
other unpublished reports of the energy cost of physical
activities, data were obtained from published literature and
assigned a measured MET value or was estimated from
similar activities with a known MET value (1).

MET levels for 42 activities in the updated Compendium
were changed based on published and unpublished studies
that measured the energy cost of PAs (4,7-9,16,17,
21,22,24,27-30,32,35,37). Since the publication of the 1995
Pate et al. (23) moderate activity recommendation, there has
been widespread interest among health educators, clinicians,
public health specialists, and fitness professionals to recom-
mend types of activities that are classified as moderate
intensity. There was some concern, however, that the MET
levels for many household, lawn and garden, walking, and
some occupational activities frequently performed by older
adults, people of color, and women of all ages had not been
objectively measured, but had been assigned estimated MET
intensities. Thus, in 1997-1998, a series of studies were
funded by the International Life Sciences Institute Research
Foundation to measure the energy cost of selected house-
hold, lawn and garden, walking, recreational, and occupa-
tional activities using indirect calorimetry methods in lab-
oratory and field settings (4,9,29,30,35). Doctoral
dissertations and other research studies have also focused on
measuring the MET intensities of household, lawn and
garden, cultural, and custodial activities (8,9,27,28).

Because changes in MET intensities for selected activities
may change the energy cost of PA, investigators using the
1993 Compendium in cohort studies may wish to continue
using the 1993 Compendium to compute the energy cost of
activities. However, for newer activities, codes in the 2000
Compendium are appropriate for use.

As in the 1993 Compendium of Physical Activities, the
updated Compendium provides data for adults without
handicaps or other conditions that would significantly alter
their mechanical or metabolic efficiency. Also, a study is
underway at the University of North Carolina at Chapel Hill
to measure the energy cost of individual and group PAs
among youth, ages 818 yr (J. A. Harrell, School of Nurs-
ing, University of North Carolina at Chapel Hill, 1999).
Another study is underway at the Edward Hines Jr. VA
Hospital to measure the energy costs of physical activities in
adults with spinal cord injuries (W. E. Langbein and E.
Collins, Hine Hospital, Maywood, IL, 1999). When com-
pleted, the projects will provide compendiums of the PAs
measured in the studies.

Calculiation of energy cost. Methods used to calcu-
late the energy cost of activities in the 1993 Compendium
were explained in detail by Ainsworth et al. (1). There has
been concern that the absolute MET intensities presented in
the Compendium may be inaccurate for people of different
body mass and body fat percentage (10,27). For weight-
bearing activities, Schmitz et al. (27) and Howell et al. (10)
showed that the energy cost of activity was higher among
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heavier individuals than indicated by the Compendiam’s
MET intensities. For these individuals, use of the MET
intensities in the Compendium would underestimate the
actual energy cost of weight bearing activity. The opposite
pattern would be observed for non—weight-bearing activi-
ties. Schmitz (27) discusses these concerns in relation to
energy expended during household chores among obese and
lean women. Similar observations may apply to individuals
who differ in age, cardiorespiratory fitness levels, and me-
chanical efficiency and when activities are performed in
varied geographic and environmental conditions (33). It
should be emphasized that the Compendium was developed
to facilitate the coding of PAs and to compare coding across
studies. It does not take into account individual differences
that may alter the energy cost of movement. Thus, a cor-
rection factor may be needed to adjust for individual differ-
ences when estimating the energy cost of PA in individuals;
but no such general correction is available at this time.
Use of the Compendium in PA validation studies.
The Compendium facilitates the use of PA records to record
the type, intensity, and duration of activities in a systematic
manner. PA records and the Compendium have been used to
validate PA surveys commonly used in observational and
clinical studies (25). In 1993, we presented a sample PA
record for use with the Compendium (1). We have since
developed an updated PA record that is easy to use and code
and provides a detailed explanation for the use of PA
records and the Compendium in PA validation studies.

DISCUSSION AND LIMITATIONS

The value and limitations of using the Compendium of
Physical Activities to determine the energy cost of PA in
adults was previously discussed in the 1993 publication (1).
Because the MET levels presented in the Compendium are
based on the energy cost of actual movement, investigators
should remind participants to recall only the time spent in
movement when using the Compendium to estimate the
energy cost of activities. It should also be stressed that the
Compendium was not developed to determine the precise
energy cost of PA within individuals, but instead to provide
an activity classification system that standardizes the MET
intensities of PAs used in survey research. This limits the
use of the Compendium in estimating the energy cost of PA
in individuals in ways that account for differences in body
mass, adiposity, age, sex. efficiency of movement, geo-
graphic and environmental conditions in which the activities
are performed. Thus, individual differences in energy ex-
penditure for the same activity can be large and the true
energy cost for a person may or may not be close to the
stated mean MET level as presented in the Compendium.

As was true with the original Compendium, the updated
version contains specific activities in which the MET values
were not derived from indirect calorimetry; however, many
codes have been updated using measured MET values. The
updated Compendium still has some codes in which MET
values were estimated from activities having similar
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movement patterns. Therefore, these estimates may have
ill-defined confidence limits around the mean MET values.

SUMMARY

The updated version of the 1993 Compendium of Phys-
ical Activities includes new major headings for religious
and volunteer activities, new five-digit codes for 129 spe-
cific activities, and modifications to codes for 94 specific
activities. Despite its known limitations, the Compendium
has proven useful in coding physical activity surveys or
records and in providing examples of activities within broad
intensity ranges for use for PA counseling in research,
education, and clinic settings. However, additional methods
are needed to account for differences in individual charac-
teristics that may alter the energy costs of physical activities.

NOTES

An unpublished edition of the Compendium was devel-
oped in 2000 to track changes from the first edition and to
explore possible changes in future editions. The unpublished
edition includes a two-digit number that identifies the ver-
sion of the Compendium. The version number should make
it simple to make corrections and additions to activity codes
and their intensities while retaining the ability to code ques-
tionnaires consistently with questionnaires collected earlier
on the same person. A copy of the unpublished tracking
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CODE
01009
01010
01015
01020
01030
01040
01050
01060
01070
02010
02011
02012
02013
02014
02015
02020
02030

02040
02050
02060
02065
02070
02071
02072
02073
02074
02080
02090
02100
02101
02110
02120
02130
02135
03010
03015
03016
03017
03020
03021
03025
03030
03031
03040
03050
04001

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

METS SPECIFIC ACTIVITY

4.0
8.0
6.0
8.0
10.0
12.0
16.0
50
7.0
3.0
5.5
7.0
10.5
12.5
8.0
35

8.0
6.0
5.5
9.0
7.0
35
7.0
8.5
12.0
7.0
6.0
2.5
2.5
6.0
4.0
30
1.0
4.8
6.5
8.5
10.0
5.0
7.0
4.5
5.5
4.5
30
5.5
30

bicycling,
bicycling,

‘bicycling,

bicycling,
bicycling,
bicycling,
bicycling,
bicycling,
bicycling,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,

conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,

. conditioning exercise,

conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
conditioning exercise,
dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

dancing,

fishing and hunting,

EXAMPLES
bicycling, BMX or mountain
bicycling, <10 mph, leisure, to work or for pleasure (Taylor Code 115}
bicycling, general
bicycling, 10-11.9 mph, leisure, slow, light effort
bicycling, 12-13.9 mph, leisure, moderate effort
bicycling, 14-15.9 mph, racing or leisure, fast, vigorous efforl
bicycling, 16-19 mph, racing/not drafting or >19 mph drafting, very fast, racing general
bicycling, >20 mph, racing, not drafting
unicycling
bicycling, stationary, general
bicycling, stationary, 50 watts, very light effort
bicycling, stationary, 100 watts, light effort
bicycling, stationary, 150 watts, moderate effort
bicycling, stationary, 200 watts, vigorous effort
bicycling, stationary, 250 watts, very vigorous effort
listhenics (e.g. pushups, situps, pullups, jumping jacks), heavy, vigorous effort
calisthenics, home exercise, light or moderate effort, general (example: back exercises), going up &
down from floor (Taylor Code 150)
circuit training, including some aerobic movement with minimal rest, general
weight lifting (free weight, nautilus or universal-type), power lifting or body building, vigorous effort (Taylor Code 210)
health club exercise, general (Taylor Code 160)
stair-treadmill ergometer, general
rowing, stationary ergometer, general
rowing, stationary, 50 watts, light effort
rowing, stationary, 100 watts, moderate effort
rowing, stationary, 150 watts, vigorous effort
rowing, stationary, 200 watts, very vigorous effort
ski machine, general
slimnastics, jazzercise
stretching, hatha yoga
mild stretching
teaching aerobic exercise class
water aerobics, water calisthenics
weight lifting (free, nautilus or universal-type), light or moderate effort, light workout, general
whitlpool, sitting
ballet or modern, twist, jazz, tap, jitterbug
aerobic, general
aerobic, step, with 6 — 8 inch step
aerobic, step, with 10 ~ 12 inch step
aerobic, low impact
aerobic, high impact
general, Greek, Middle Eastern, hula, flamenco, belly, swing
ballroom, fast (Taylor Code 125)
ballroom, fast (disco, folk, square), line d g, Irish step d g, polka, contra, country
ballroom, slow (e.g. waltz, foxtrot, slow dancing), samba, tango, 19th C, mambo, chacha
Anishinaabe Jingle Dancing or other traditional American Indian dancing
fishing, general

Figure 1—Appendix 1. Updated Compendium of Physical Activities.
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CODE METS SPECIFIC ACTIVITY

04010
04020
04030
04040
04050
04060
04070
04080
04090
04100
04110
04120
04130
05010
05020
05021
05025
05026
05027
05030
05040
05041
05042
05043
05045
05050

05051
05052
05053
05055
05056
05057
05060
05065
05070
05080
05090
05095
05100
05110
05120
05130
05140
05146
05147
05148
05149
05150
05160
05165
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4.0
4.0
25
35
6.0
2.0
2.5
6.0
2.5
5.0
6.0
5.0
2.5
33
3.0
35
2.5
3.5
4.0
3.0
2.5
23
25
3.5
6.0
2.0

2.5
2.5
2.5
2.5
7.5
3.0
2.3
23
23
1.5
20
2.3
2.0
5.0
6.0
3.8
4.0
35
3.0
2.5
2.5
9.0
20
3.0

fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,
fishing and hunting,

" fishing and hunting,

fishing and hunting,
fishing and hunting,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,

home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
hone activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,

EXAMPLES

digging worms, with shovel

fishing from river bank and walking

fishing from boat, sitting

fishing from river bank, standing (Taylor Code 660)

fishing in stream, in waders (Taylor Code 670)

fishing, ice, sitting

hunting, bow and arrow or crossbow

hunting, deer, elk, large game (Taylor Code 170)

hunting, duck, wading

hunting, generai

hunting, pheasants or grouse (Taylor Code 680)

hunting, rabbit, squirrel, prairie chick, raccoon, small game (Taylor Code 690)

pistol shooting or trap shooting, standing

carpet sweeping, sweeping floors

cleaning, heavy or major (e.g. wash car, wash windows, clean garage), vigorous effort
mopping

multiple household tasks all at once, light effort

multiple household tasks all at once, moderate effort

multiple household tasks all at once, vigorous effort

cleaning, house or cabin, general

cleaning, light (dusting, straightening up, changing linen, carrying out trash)

wash dishes - standing or in general (not broken into stand/walk components)

wash dishes; clearing dishes from table — walking

vacuuming

butchering animals

cooking or food preparation - standing or sitting or in general (not broken into stand/walk components), manual
appliances

serving food, setting table - implied walking or standing

cooking or food preparation - walking

feeding animals

putting away groceries (e.g. carrying groceries, shopping without a grocery cart), carrying packages
carrying groceries upstairs

cooking Indian bread on an outside stove

food shopping with or without a grocery cart, standing or walking

non-food shopping, standing or walking

ironing

sitting - knitting, sewing, It. wrapping (presents)

implied standing - laundry, fold or hang clothes, put clothes in washer or dryer, packing suitcase
implied walking - putting away clothes, gathering clothes to pack, putting away laundry
making bed

maple syruping/sugar bushing (including carrying buckets, carrying wood)

moving furniture, household items, carrying boxes

scrubbing floors, on hands and knees, scrubbing bathroom, bathtub

sweeping garage, sidewalk or outside of house

standing - packing/unpacking boxes, occasfonal lifting of household items light - moderate effort
implied walking - putting away household items - moderate effort

watering plants

building a fire inside

moving household items upstairs, carrying boxes or furniture

standing - light {(pump gas, change light bulb, etc.)

walking - light, non-cleaning (readying to leave, shut/lock doors, close windows, etc.)

Figure 1—Continued.
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CODE
05170
05171
05175
05180
05181
05185
05186
05187
05188
05190
05191
05192
05193
05194
05195
06010
06020
06030
06040
06050
06060
06070
06080
06090
06100
06110
06120
06130
06140
06150
06160
06165
06170
06180
06190
06200
06210
06220
06230
06240
07010
07011
07020
07021
07030
07040
07050
07060
07070
07075
08010

METS SPECIFIC ACTIVITY EXAMPLES

2.5
2.8
4.0
5.0
3.0
2.5
3.0
4.0
1.5
2.5
2.8
28
4.0
50
35
3.0
4.0
3.0
3.0
6.0
4.5
7.5
5.0
4.5
5.0
5.0
5.0
4.5
4.5
5.0
3.0
4.5
3.0
6.0
4.5
4.5
5.0
4.5
4.5
3.0
1.0
1.0
1.0
1.0
0.9
1.2
1.0
10
1.0
1.0
5.0

Figure 1—Continued.
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home activities, sitting - playing with child(ren) - light, only active periods
home activities, standing - playing with child(ren) — light, only active periods
home activities, walk/run - playing with child(ren) — moderate, only active periods
home activities, walk/run - playing with child(ren) — vigorous, only active periods
home activities, carrying small children
home activities, child care: sitting/kneeling - dressing, bathing, grooming, feeding, occasional lifting of child-light effort, general
home activities, child care: standing - dressing, bathing, grooming, feeding, occasional lifting of child-light effort
home activities, elder care, disabled adult, only active periods
home activities, reclining with baby
home activities, sit, play ing with animals, light, only active periods
home activities, stand, playing with animals, light, only active periods
home activities, walk/run, playing with animals, light, only active periods
home activities, walk/run, playing with animals, moderate, only active periods
home activities, walk/run, playing with animals, vigorous, only active periods
home activities, standing - bathing dog
home repair, airplane repair
home repair, automobile body work
. home repair, automobile repair
home repair, carpentry, general, workshop (Taylor Code 620)
home repair, carpentry, outside house, installing rain gutters, building a fence, (Taylor Code 640)
* home repair, carpentry, finishing or refinishing cabinets or furniture
home repair, carpentry, sawing hardwood
home repair, caulking, chinking log cabin
home repair, caulking, except log cabin
home repair, cleaning gutters
home repair, excavating garage
home repair, hanging storm windows
home repair, laying or removing carpet
home repair, laying tile or linoleum, repairing appliances
home repair, painting, outside home (Taylor Code 650)
home repair, painting, papering, plastering, scraping, inside house, hanging sheet rock, remodeling
home repair, painting, (Taylor Code 630)
home repair, put on and removat of tarp - saitboat
home repair, roofing
home repair, sanding floors with a power sander
home repair, scraping and painting sailboat or pawerboat
home repair, spreading dirt with a shovel
home repair, washing and waxing hull of sailboat, car, powerboat, airplane
home repair, washing fence, painting fence
home repair, wiring, plumbing
inactivity, quiet lying quietly and watching television
inactivity, quiet lying quietly, doing nothing, lying in bed awake, listening to music (not talking or reading)
inactivity, quiet sitting quietly and watching television
inactivity, quiet sitting quieily, sitting smoking, listening to music (not talking or reading), watching a movie in a theater
inactivity, quiet sleeping
inactivity, quiet standing quietly (standing in a line)
inactivity, light reclining - writing
inactivity, light reclining - talking or talking on phone
inactivity, light reclining - reading
inactivity, light meditating
lawn and garden, carrying, loading or stacking wood, loading/unloading or carrying lumber
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CODE METS SPECIFIC ACTIVITY EXAMPLES

08020 6.0 lawn and garden, chopping wood, splitting logs

08030 5.0 lawn and garden, clearing land, hauling branches, wheelbarrow chores

08040 5.0 lawn and garden, digging sandbox

08050 5.0 lawn and garden, digging, spading, filling garden, composting, (Taylor Code 590)
08060 6.0 lawn and garden, gardening with heavy power tools, tilling a garden, chain saw
08080 5.0 lawn and garden, laying crushed rock

08090 5.0 lawn and garden, laying sod

08095 5.5 lawn and garden, mowing lawn, general

08100 25 lawn and garden, mowing lawn, riding mower (Taylor Code 550)

08110 6.0 lawn and garden, mowing lawn, walk, hand mower (Taylor Code 570)

08120 55 lawn and garden, mowing lawn, walk, power mower

08125 4.5 lawn and garden, mowing lawn, power mower (Taylor Code 590)

08136 4.5 lawn and garden, operating snow blower, walking

08140 4.5 lawn and garden, planting seedlings, shrubs

08150 4.5 lawn and garden, planting trees

08160 4.3 lawn and garden, raking lawn

08165 4.0 lawn and garden, raking lawn (Taylor Code 600)

08170 4.0 lawn and garden, raking roof with snow rake

08180 3.0 lawn and garden, riding snow blower

08190 4.0 lawn and garden, sacking grass, leaves

08200 6.0 lawn and garden, shoveling snow, by hand (Taylor Code 610}

08210 4.5 lawn and garden, trimming shrubs or trees, manual cutter

08215 35 lawn and garden, trimming shrubs or trees, power cutter, using leaf blower, edger
08220 2.5 lawn and garden, walking, applying fertilizer or seeding a lawn

08230 1.5 lawn and garden, watering lawn or garden, standing or walking

08240 45 lawn and garden, weeding, cultivating garden (Taylor Code 580)

08245 4.0 lawn and garden, gardening, general

08246 3.0  lawn and garden, picking fruit off trees, picking fruits/vegetables, moderate effort
08250 3.0 lawn and garden, implied walking/standing - picking up yard, light, picking flowers or vegetables
08251 3.0 lawn and garden, walking, gathering gardening tools

09610 1.5 miscellaneous, sitting - card playing, playing board games

09020 23 miscellaneous, standing - drawing (writing), casino gambling, duplicating machine
09030 1.3 miscellaneous, sitting - reading, book, newspaper, etc.

09040 1.8 miscellaneous, sitting - writing, desk work, typing

09050 1.8 miscellaneous, standing - talking or talking on the phone

09055 1.5 miscellaneous, sitting - talking or talking on the phone

09060 1.8 miscellaneous, sitting - studying, general, including reading and/or writing
09065 1.8 miscellaneous, sitting - in class, general, including note-taking or class discussion
09070 1.8 miscellaneous, standing - reading

09071 2.0 miscellaneous, standing - miscellaneous

09075 1.5 miscellaneous, sitting - arts and crafts, light effort

09080 2.0 miscelianeous, sitting - arts and crafts, moderate effort

09085 1.8 miscellaneous, standing - arts and crafts, light effort

09090 3.0 miscellaneous, standing - arts and crafts, moderate effort

09095 3.5 miscellaneous, standing - arts and crafts, vigorous effort

09100 1.5 miscellaneous, retreat/family reunion activities involving sitting, relaxing, talking, eating
09105 2.0 miscellaneous, touring/traveling/vacation involving walking and riding

09110 2.5 miscellaneous, camping involving standing, walking, sitting, light-to-moderate effort
09115 1.5 miscellaneous, sitting at a sporting event, spectator

10010 1.8 music playing, accordion

10020 2.0 music playing, celio

Figure 1—Continued.
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CODE METS SPECIFIC ACTIVITY

10030 2.5
10040 4.0
10050 2.0
10060 2.0
10070 2.5
10080 3.5
10090 2.5
10100 2.5
10116 2.0
10120 2.0
10125 3.0
10130 4.0
10135 35
11010 4.0
11015 2.5
11020 23
11030 6.0
11035 2.0
11040 3.5
11050 8.0
11060 8.0
11070 2.5
11080 6.5
11090 6.5
11100 6.0
11110 7.0
11120 5.5
11121 3.0
11122 25
11123 25
11124 40
131125 35
11126 3.5
11127 3.0
11128 25
11126 3.0
11130 3.5
11140 8.0
11150 3.5
11151 4.0
11152 20
11160 2.5
11170 2.5
11180 4.0
11190 4.5
11191 45
11192 6.0
11200 8.0
11210 30
11220 1.5

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
music playing,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,

' occupation,

occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,

occupation,
occupation,
occupation,

EXAMPLES

conducting

drums

flute (sitting)

horn

piano or organ

trombone

trumpet

violin

woodwind

guitar, classical, folk (sitting}

guitar, rock and roll band (standing)

marching band, playing an instrument, baton twirling {walking)
marching band, drum major (walking)

bakery, general, moderate effort

bakery, light effort

bookbinding

building road (including hauling debris, driving heavy machinery)
building road, directing traffic (standing)

carpentry, general

carrying heavy loads, such as bricks

carrying moderate loads up stairs, moving boxes (16-40 pounds)
chambermaid, making bed (nursing)

coal mining, drilling coal, rock

coal mining, erecting supports

coal mining, generat

coal mining, shoveling coal

construction, outside, remodeling

custodial work - buffing the floor with electric buffer

custodial work - cleaning sink and toilet, light effort

custodial work ~ dusting, light effort

custodial work — feathering arena floor, moderate effort
custodial work - general cleaning, moderate effort

custodial work - mopping, moderate effort

custodial work - take out trash, moderate effort

custodial work - vacuuming, light effort

custodial work - vacuuming, moderate effort

electrical work, plumbing

farming, baling hay, cleaning barn, poultry work, vigorous effort
farming, chasing cattle, non-strenuous (walking), moderate effort

farming, chasing cattle or other livestock on horseback, moderate effort

farming, chasing cattle or other livestock, driving, light effort
farming, driving harvester, cutting hay, irrigation work
farming, driving tractor

farming, feeding small animals

farming, feeding cattle, horses

farming, hauling water for animals, general hauling water

farming, taking care of animals (grooming, brushing, shearing sheep, assisting with birthing, medical care,

branding)

farming, forking straw bales, cleaning corral or barn, vigorous effort
farming, milking by hand, moderate effort

farming, milking by machine, light effort

Figure 1—Continued.
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CODE METS SPECIFIC ACTIVITY

11230
11240
11245
11246
11250
11260
11270
11280
11290
11300
11310
11320
11330
11340
11350
11360
11370
11380
11390
11400
11410
11420
11430
11440
11450
11460
11470
11480
11485
11490
11495
11500
11510
11520
11525
11526
11527
11528
11530
11540
11550
11560
11570
11580

11585
11590
11600

11610

5.5
12.0
1L.0

8.0
17.0

5.0

7.0
11.0

8.0

8.0

5.0

6.0

7.0

4.5

9.0

4.0

4.5

6.0

8.0

6.5

2.6

3.5

2.5

3.0

5.0

4.0

30

7.0

4.0

7.5
12.0

2.5

4.5

23

2.5

2.0

1.3
4.0
2.5
8.5
9.0

6.0°

7.0
1.5

1.5
2.5
2.3

3.0

occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
accupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,

occupation,
occupation,
occupation,

occupation,

EXAMPLES

farming, shoveling grain, moderate effort

fire fighter, general

fire fighter, climbing ladder with full gear

fire fighter, hauling hoses on ground

forestry, ax chopping, fast

forestry, ax chopping, slow

forestry, barking trees

forestry, carrying logs

forestry, felling trees

forestry, general

forestry, hoeing

forestry, planting by hand

forestry, sawing by hand

forestry, sawing, power

forestry, trimming trees

forestry, weeding

furriery

horse grooming

horse racing, galloping

horse racing, trotting

horse racing, walking

locksmith

machine tooling, machining, working sheet metal
machine tooling, operating lathe

machine tooling, operating punch press

machine tooling, tapping and drilling

machine tooling, welding

masonry, concrete

masseur, masseuse (standing)

moving, pushing heavy objects, 75 lbs or more (desks, moving van work)
skindiving or SCUBA diving as 2 frogman (Navy Seal)
operating heavy duty equipment/automated, not driving

" orange grove work

printing (standing)

police, directing traffic (standing)

police, driving a squad car (sitting)

police, riding in a squad car (sitting)

police, making an arrest (standing)

shoe repair, general

shoveling, digging ditches

shoveling, heavy (more than 16 pounds/minute)
shoveling, light (less than 10 pounds/minute)
shoveling, moderate (10 to 15 pounds/minute)

sitting - light office work, general (chemistry Iab work, light use of hand tools, watch repair or micro-assembly, light

assembly/repair), sitting, reading, driving at work

sitting - meetings, general, and/or with talking involved, eatting at a business meeting
sitting; moderate (heavy levers, riding mower/fforkiift, crane operation), teaching stretching or yoga

standing; light (bartending, store clerk, assembling, filing, duplicating, putting up a Christmas tree), standing and talking at

work, changing clothes when teaching physical education

standing; light/moderate (assemble/repair heavy parts, welding, stocking, auto repair, pack boxes for moving, etc.),

patient care (as in nursing)

Figure 1—Continued.
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CODE
11615
11620
11630
11640
11650
11660
11670
11680
11690
11700
11710
11720
11730
11740
11750
11760
11765
11766
11770
11780
11790
11791
11792
11793
11795
11796
11800
11805
11810
11820
11830
11840
11850
11870
11875
11876
12010
12020
12025
12027
12030
12040
12050
12060
12070
12080
12090
12100
12110
12120
12130

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

METS SPECIFIC ACTIVITY

4.0
3.5
4.0
5.0
55
8.0
8.0
11.0
7.5
5.5
8.0
25
2.5
2.0
2.5
4.0
3.5
6.5
1.5
6.0
8.0
2.0
33
38
3.0
3.0
4.0
4.0
4.5
5.0
6.5
7.5
8.5
3.0
4.0
6.5
6.0
7.0
8.0
4.5
8.0
9.0
10.0
11.0
11.5
12.5
13.5
14.0
15.0

16.0

18.0

occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
occupation,
running,

running,

running,

running

running,

running,

running,

running,

running,

running,

running,

running,

running,

running,

running,

EXAMPLES

lifting items continuously, 10 - 20 Ibs, with limited walking or resting
standing; moderate (assembling at fast rate, intermittent, lifting 50 Ibs, hitch/twisting ropes)
standing; moderate/heavy (lifting more than 50 Ibs, masonry, painting, paper hanging)
steel mill, fettling

steel mill, forging

steel mill, hand rolling

steel mill, merchant mill rolling

steel mill, removing slag

steel mill, tending furnace

steel mill, tipping molds

steel mill, working in general

tailoring, cutting

tailoring, general

tailoring, hand sewing

tailoring, machine sewing

tailoring, pressing

tailoring, weaving

truck driving, loading and unloading truck (standing)

typing, electric, manual or computer

using heavy power tools such as p ic tools (jackl drills, etc.)
using heavy tools (not power) such as shovel, pick, tunnel bar, spade

walking on job, less than 2.0 mph (in office or lab area), very slow

walking on job, 3.0 mph, in office, moderate speed, not carrying anything
walking on job, 3.5 mph, in office, brisk speed, not carrying anything

walking, 2.5 mph, slowly and carrying light objects Iess than 25 pounds
walking, gathering things at work, ready to leave

walking, 3.0 mph, moderately and carrying light objects less than 25 1bs
walking, pushing a wheelchair

walking, 3.5 mph, briskly and carrying objects less than 23 pounds

walking or walk downstairs or standing, carrying objects about 25 to 49 pounds
walking or walk downstairs or standing, carrying objects about 50 to 74 pounds
walking or walk downstairs or standing, carrying objects about 75 to 99 pounds
walking or walk downstairs or standing, carrying objects about 100 pounds or over
working in scene shop, theater actor, backstage employee

teach physical education, exercise, sports classes (non-sport play)

teach physical education, exercise, sports classes (participate in the class)
jog/walk combination (jogging component of less than 10 minutes) (Taylor Code 180)
jogging, general

jogging, in place

jogging on a mini-tramp

running, § mph (12 min/mile)

running, 5.2 mph (11.5 min/mile)

running, 6 mph (10 min/mile)

running, 6.7 mph (3 min/mile)

running, 7 mph (8.5 min/mile}

running, 7.5 mph (8 min/mile)

running, 8 mph (7.5 min/mile)

running, 8.6 mph (7 min/mile)

running, 9 mph (6.5 min/mile)

running, 10 mph (6 min/mile)

running, 10.9 mph (5.5 min/mile)

Figure 1-—Continued.
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CODE METS SPECIFIC ACTIVITY EXAMPLES

12140 9.0 running, . running, cross country

12150 8.0 running, running (Taylor Code 200)

12170 150 running, running, stairs, up

12180 10.0 running, running, on a track, team practice

12190 8.0 running, running, training, pushing a wheelchair

13000 2.0 self care, standing - getting ready for bed, in general

1300¢ 1.0 self care, sitting on toilet

13010 1.5 self care, bathing (sitting)

13020 2.0 self care, dressing, undressing (standing or sitting)

13030 15 self care, eating (sitting)

13035 2.0 self care, talking and eating or eating only (standing)

13036 1.0 self care, taking medication, sitting or standing

13040 2.0 self care, grooming (washing, shaving, brushing teeth, urinating, washing hands, putting on make-up}, sitting or standing

13045 2.5 self care, hairstyling

13046 1.0 self care, having hair or nails done by someone else, sitting

1305¢ 2.0 self care, showering, toweling off (standing)

14010 1.5 sexual activity, active, vigorous effort

14020 1.3 sexual activity, general, moderate effort

14030 1.0 sexual activity, passive, light effort, kissing, hugging

15010 335 sports, archery (non-hunting)

15020 7.0 . sports, badminton, competitive (Taylor Code 450)

15030 4.5 sports, badminton, social singles and doubles, general

15040 8.0 sports, basketball, game (Taylor Code 490)

15050 6.0 sports, basketball, non-game, general (Taylor Code 480)

15060 7.0 sports, basketball, officiating (Taylor Code 500)

15070 45 sports, basketball, shooting baskets

15075 6.5 sports, basketball, wheelchair

15080 2.5 sports, billiards

15096 3.0 sports, bowling (Taylor Code 390}

15100 120 sports, boxing, in ring, general

15110 6.0 sports, boxing, punching bag

15120 9.0 sports, : boxing, sparring

15130 7.0 sports, broombali

15135 5.0 sports, children’s games (hopscotch, 4-square, dodge ball, playground apparatus, t-ball, tetherbali, marbles, jacks, acrace
ames

15140 4.0 sports, goachi?‘lg: football, soccer, basketball, baseball, swimming, etc.

15150 5.0 sports, cricket (batting, bowling)

15160 25 sports, croquet

15170 4.0 sports, curling

15180 25 sports, darts, wall or lawn

15190 6.0 -sports, drag racing, pushing or driving a car

15200 6.0 sports, fencing

15210 9.0 Sports, football, competitive

15230 8.0 sports, football, touch, flag, general (Taylor Code 510)

15235 2.5 sports, football or baseball, playing catch

15240 3.0 sports, frisbee playing, general

15250 8.0 sports, frisbee, ultimate

15255 45 sports, golf, general

15265 4.5 sports, golf, walking and carrying clubs (See footnote at end of the Compendium)

15270 3.0 sports, golf, miniature, driving range

15285 43 sports, golf, walking and pulling clubs (See footnote at end of the Compendium)

Figure 1—Continued.
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CODE METS SPECIFIC ACTIVITY

15290
15300
15310
15320
15330
15340
15350
15360
15370
15380
15390
15400
15410
15420
15430
15440
15450
15460
15470
15480
15490
15500
15510
15520
15530
15535
15540
15550
15551
15552
15560
15570
15580
15590
15591
15600
15605
15610
15620
15630
15640
15650
15660
15670
15675
15680
15685
15690
15700
15710
15711

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

35
4.0
4.0
12.0
8.0
3.5
8.0
8.0
4.0
3.5
6.5
2.5
3.0
12.0
10.0
4.0
7.0
8.0
4.0
9.0
10.0
6.0
8.0
10.0
7.0
11.0
8.0
12.0
10.0
8.0
10.0
3.0
5.0
7.0
12.5
35
10.0
7.0
5.0
4.0
6.0
12.0
4.0
4.0
7.0
6.0
5.0
8.0
3.5
4.0
8.0

sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,
sports,

EXAMPLES

golf, using power cart (Taylor Code 070)
gymnastics, generat

hacky sack

handball, general (Taylor Code 520)
handball, team

hand gliding

hockey, field

hockey, ice

horseback riding, general

horseback riding, saddling horse, grooming horse
horseback riding, trotting

horseback riding, walking

horseshoe pitching, quoits

jai alai

judo, jujitsu, karate, kick boxing, tac kwan do
juggling

kickbalt

lacrosse

motor-cross

orienteering

paddleball, competitive

paddleball, casual, general (Taylor Code 460)
polo

racquetball, competitive

racquetball, casual, general (Tayior Code 470)
rock climbing, ascending rock

rock climbing, rappelling

rope jumping, fast

rope jumping, moderate, general

rope jumping, slow

rugby

shuffleboard, lawn bowling
skateboarding

skating, roller (Taylor Code 360)

roller blading (in-line skating)

sky diving

soccer, competitive

soccer, casual, general (Taylor Code 540)
softball or baseball, fast or slow pitch, general (Taylor Code 440)
softball, officiating

softball, pitching

squash (Taylor Code 530)

tabie tennis, ping pong (Taylor Code 410)
tai chi

tennis, general

tennis, doubles (Taylor Code 430)

tennis, doubies

tennis, singles (Taylor Code 420)
trampoline

volleyball (Taylor Code 400)

volleyball, competitive, in gymnasium

Figure 1—Continued.
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CODE METS SPECIFIC ACTIVITY EXAMPLES

15720 3.0 sports, volleyball, non-competitive, 6 - 9 member team, general

15725 8.0 sports, volleyball, beach

15730 6.0 Sports, wrestling (one match = 5 minutes)

15731 70 sports, wallyball, general

15732 40 sports, track and field (shot, discus, hammer throw)

15733 6.0 sports, track and field (high jump, long jump, triple jump, javelin, polc vault)
15734 100 sports, track and field (steeplechase, hurdles)

16010 2.0 transportation, automobile or light truck (not a semi) driving

16015 1.0 transportation, riding in a car or truck

16016 1.0 transportation, riding in a bus

16020 2.0 transportation, flying airplane

16030 2.5 transportation, motor scooter, motorcycle

16040 6.0 transportation, pushing plane in and out of hangar

16050 3.0 transportation, driving heavy truck, tractor, bus

17010 7.0 walking, backpacking (Taylor Code 050)

17020 35 walking, carrying infant or 15 pound load (e.g. suitcase), level ground or downstairs
17025 9.0 walking, carrying load upstairs, general

17026 5.0 walking, carrying 1 to 15 Ib load, upstairs

17027 6.0 walking, carrying 16 tc 24 1b load, upstairs

17028 8.0 walking, carrying 25 tc 49 1b load, upstairs

17029 100 walking, carrying 50 to 74 Ib load, upstairs

17036 12.0 walking, carrying 74+ 1b load, upstairs

17031 3.0 walking, loading /unloading a car

17035 7.0 walking, climbing hills with 0 to 9 pound load

17040 1.5 walking, climbing hills with 10 to 20 pound load

17050 8.0 walking, climbing hills with 21 to 42 pound load

17060 9.0 walking, climbing hills with 42+ pound load

17070 3.0 walking, downstairs

17080 6.0 walking, hiking, cross country (Taylor Code 040)

17085 2.5 walking, bird watching

17090 6.5 walking, marching, rapidly, military

17100 2.5 walking, pushing or pulling strolier with child or walking with children
17105 4.0 walking, pushing a wheelchair, non-occupational setting

17110 6.5 walking, race walking

17120 8.0 walking, rock or mountain climbing (Taylor Code 060)

17130 8.0 walking, up stairs, using or climbing up ladder (Taylor Code 030}
17140 5.0 walking, using crutches

17156 2.0 walking, walking, household

17151 2.0 walking, walking, less than 2.0 mph, level ground, strolling, very slow
17152 25 walking, walking, 2.0 mph, level, slow pace, firm surface

17160 3.5 walking, walking for pleasure (Taylor Code 010)

17161 25 walking, walking from house to car or bus, from car or bus to go places, from car or bus to and from the worksite
17162 2.5 walking, walking to neighbor’s house or family’s house for social reasons
17165 3.0 walking, walking the dog

173170 3.6 walking, walking, 2.5 mph, firm surface

17180 2.8 walking, walking, 2.5 mph, downhill

17196 33 walking, walking, 3.0 mph, level, moderate pace, firm surface

17200 3.8 walking, walking, 3.5 mph, level, brisk, firm surface, walking for exercisc
17210 6.0 walking, walking, 3.5 mph, uphill

17226 5.0 walking, walking, 4.0 mph, level, firm surface, very brisk pace

17230 6.3 walking, walking, 4.5 mph, level, firm surface, very, very brisk

Figure 1—Continued.
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CODE METS SPECIFIC ACTIVITY

17231
17250
17260
17270
17280
18010
18020
18025
18030
18040
18050
18060
18070
18080
18090
18100
18110
18120
18130
18140
18150
18160
18180
18190
18200
18210
18220
18230
18240
18250
18260
18270
18280
18290
18300
18310
18320
18330
18340
18350
18355
18360
18365
18366
18370
19010
19020
19030
19040
19050
19060

COMPENDIUM OF PHYSICAL ACTIVITIES: UPDATE

8.0
35
5.0
4.0
2.5
2.5
4.0
33
7.0
3.0
7.0
12.0
3.5
12.0
3.0
5.0
4.0
30
5.0
3.0
6.0
7.0
16.0
12.5
7.0
5.0
3.0
10.0
7.0
7.0
10.0
11.0
11.0
8.0
6.0
6.0
8.0
8.0
100
4.0
4.0
10.0
3.0
8.0
5.0
6.0
5.5
7.0
9.0
15.0
7.0

walking,
walking,
walking,
walking,
walking,

water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
water activities,
winter activities,
winter activities,
winter activities,
winter activities,
winter activities,
winter activities,

EXAMPLES

walking, 5.0 mph

walking, for pleasure, work break

walking, grass track

walking, to work or class (Taylor Code 015)
walking to and from an outhouse

boating, power

canoeing, on camping trip (Taylor Code 270)
canoeing, harvesting wild rice, knocking rice off the stalks
canoeing, portaging

canoeing, rowing, 2.0-3.9 mph, light effort

. canoeing, rowing, 4.0-5.9 mph. moderate effort

canoeing, rowing, >6 mph, vigorous effort

canoeing, rowing, for pleasure, general (Taylor Code 250)
canoeing, rowing, in competition, or crew or sculling (Taylor Code 260)
diving, springboard or platform

kayaking

paddie boat

sailing, boat and board sailing, windsurfing, ice sailing, general (Taylor Code 235)
sailing, in competition

sailing, Sunfish/Laser/Hobby Cat, Keel boats, ocean sailing, yachting
skiing, water (Taylor Code 220)

skimobiling

skindiving, fast

skindiving, moderate

skindiving, scuba diving, general (Taylor Code 310)

snorkeling (Taylor Code 320)

surfing, body or board

swimming laps, freestyle, fast, vigorous effort

swimming laps, freestyle, slow, moderate or light effort
swimming, backstroke, general

swimming, breaststroke, general

swimming, butterfly, general

swimming, crawl, fast (75 yards/minute), vigorous effort
swimming, crawl, slow (50 yards/minute), moderate or light effort
swimming, lake, ocean, river (Taylor Codes 280, 295)

swimming, leisurely, not lap swimming, general

swimming, sidestroke, general

swimming, synchronized

swimming, treading water, fast vigorous effort

swimming, treading water, moderate effort, general

water aerobics, water calisthenics

water polo

water volleyball

water jogging

whitewater rafting, kayaking, or canoeing

moving ice house (set up/drill holes, etc.)

skating, ice, 9 mph or less

skating, ice, general (Taylor Code 360)

skating, ice, rapidly, more than 9 mph

skating, speed, competitive

ski jumping (climb up carrying skis)

Figure 1—Continued.
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CODE
19075
19080
19090
16100
19110
16130
19150
19160
19170
19180
19190
19200
20000
20001
20005
20010
20015
20020
20025
20030
20035
20036
20037
20038
20039
20040
20045
20046
20047
20050
20055
20060
20061
20065
20095
20100
21000
21005
21010
21015
21016
21017
21018
21019
21020
21025
21030
21035
21040
21045
21050
21055
21060
21065
21070

METS
7.0
7.0
8.0
9.0
14.0
16.5
5.0
6.0
8.0
7.0
8.0
3.5
1.0
2.5
1.5
1.3
1.2
2.0
1.0
1.8
2.0
2.0
33
38
20
5.0
2.5
2.0
23
1.5
2.0
3.0
5.0
2.5
4.0
1.5
1.5
L5
2.5
2.3
2.5
3.0
4.0
5.0
3.0
3.5
4.0
1.5
2.0
33
38
3.0
4.0
4.5
3.0

SPECIFIC ACTIVITY

winter activities,
winter activities,
winter activities,

- winter activities,

winter activities,

- winter activities,

winter activities,
winter activities,
winter activities,
winter activities,
winter activities,
winter activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
religious activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,
volunteer activities,

EXAMPLES

skiing, general

skiing, cross country, 2.5 mph, slow or light effort, ski walking

skiing, cross country, 4.0-4.9 mph, moderate speed and effort, general
skiing, cross country, 5.0-7.9 mph, brisk speed, vigorous effort

skiing, cross country, >8.0 mph, racing

skiing, cross country, hard snow, uphill, maximum, snow mountaineering
skiing, downhill, light effort

skiing, downhill, moderate effort, general

skiing, downhill, vigorous effort, racing

sledding, tobogganing, bobsledding, luge (Taylor Code 370)

snow shoeing

snowmobiling

sitting in church, in service, attending a ceremony, sitting quietly
sitting, playing an instrument at church

sitting in church, talking or singing, attending a ceremony, sitting, active participation
sitting, reading religious materials at home

standing in church (quietly), attending a ceremony, standing quietly
standing, singing in church, attending a ceremony, standing, active participation
kneeling in church/at home (praying)

standing, talking in church

walking in church

walking, less than 2.0 mph - very slow

walking, 3.0 mph, moderate speed, not carrying anything

walking, 3.5 mph, brisk speed, not carrying anything

walk/stand combination for religious purposes, usher

praise with dance or run, spiritual dancing in church

serving food at church

preparing food at church

washing dishes/cleaning kitchen at church

eating at church

eating/talking at church or standing eating, American Indian Feast days
cleaning church

general yard work at church

standing - moderate (lifting 50 Ibs., assembling at fast rate)

standing - moderate/heavy work

typing, electric, manuai, or computer

sitting - meeting, general, and/or with talking involved

sitting - light office work, in general

sitting - moderate work

standing - light work (filing, talking, assembling)

sitting, child care, only active periods

standing, child care, only active periods

walk/run play with children, moderate, only active periods

walk/run play with children, vigorous, only active periods

standing - light/moderate work (pack boxes, assemble/repair, set up chairs/furniture)
standing - moderate (lifting 50 Ibs., assembling at fast rate)

standing - moderate/heavy work

typing, electric, manual, or computer

walking, less than 2.0 mph, very slow

walking, 3.0 mph, moderate speed, not carrying anything

walking, 3.5 mph, brisk speed, not carrying anything

walking, 2.5 mph slowly and carrying objects less than 25 pounds
walking, 3.0 mph moderately and carrying objects less than 25 pounds, pushing somet!
walking, 3.5 mph, briskly and carrying objects less than 25 pounds
walk/stand combination, for volunteer purposes
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Discrepancies between PFT and exercise tests

It is certainly possible to see discrepancies between spirometry findings and exertional capacity and this is not uncommon.  It is more frequent in cases of pneumoconiosis such as asbestosis or silicosis.  The PFT protocol includes and requires "maximal" inhalation and exhalation. The protocol (to reach a valid result to ATS standards) requires the technician to coach the patient to the point that some people have difficulty and discomfort and they may even pass out.  Because of these circumstances, the PFT represents the volumes they are able to reach with such a maximal effort.  But no one is able to continue or tolerate breathing at this level of effort continually, let alone more than a single breath.  So, it may not accurately reflect the respiratory function if the individual is fatigued or has no aerobic capacity or reserve to sustain a sufficient effort to maintain a high or even adequate level of air volume exchange.   This is why The AMA Guides recognizes that the PFT is not always impacted by respiratory conditions or disease.  "It is recognized that pulmonary impairment can occur that does not significantly impact pulmonary function and exercise test results but that does impact the ability to perform activities of daily living, such as with bronchiectasis.  In these limited cases, the physician may assign an impairment rating based on the extent and severity of pulmonary dysfunction and the inability to perform activities of daily living." Additional considerations that can involve PFT results not correlating with exercise/exertional capacity are exertional desaturation and dynamic hyperinflation.  [footnoteRef:1]   These phenomena can be shown during a 6-Minute Walk Test or other exercise test, but may not be seen on the "resting" PFT or imaging.  The study referenced showed that exertional desaturation (ED) did not correlate with FVC, FEV1, FEV1/FVC, FEF25-75, RV, ERV, or DLCO from a PFT.  But ED does correlate strongly with dynamic hyperinflation (DH).  DH occurs with exertional activity but is not seen on resting plain chest x-ray.  One study showed some variability with the pattern and magnitude of DH; there was some correlation with emphysema where those with higher emphysematous profile had faster rates of DH, greater constraints in tidal volume expansion, greater dyspnea, and lower peak V̇O2; and they found "a clear statistical association between the level of resting and dynamic hyperinflation, the degree of tidal volume restriction during exercise, and peak exercise performance."  [footnoteRef:2]  So, DH can occur with exertional activity and not be determined on PFT or imaging.  It correlates with ED, and these together can lead to reduction in exertional capacity, while not correlating with PFT volumes.   Another study found that, "Many patients had reduced exercise capacity that cannot be accounted for by impairment of pulmonary function."   The study also stated, "Comparison of the measured exercise capacity with resting pulmonary function tests showed many cases of discordance in impairment."  In their conclusion, they wrote, "The discordance in the results of pulmonary function and exercise testing in the present study supports the recommendation to use CPET in impairment evaluation..."  [footnoteRef:3]  Other studies have shown similar non-correlation. [footnoteRef:4] [CPET = cardiopulmonary exercise testing]     [1:   https://journal.chestnet.org/article/S0012-3692(16)54627-3/fulltext]  [2:   https://www.atsjournals.org/doi/10.1164/ajrccm.164.5.2012122]  [3:   https://erj.ersjournals.com/content/24/3/436  ]  [4:   https://pubmed.ncbi.nlm.nih.gov/15358703/] 




[bookmark: _Hlk66972081]This concept can also be explained in other ways, including the difference between "static" and "dynamic" properties of the lungs.   “Lung volumes that are not affected by the rate of air movement in and out of the lungs are termed static lung volumes.  The following five static lung volumes can be measured: VT (tidal volume), IRV (inspiratory reserve volume), ERV (expiratory reserve volume), IC (inspiratory capacity) and VC (vital capacity).  [footnoteRef:5]  These “static” volumes are the metrics measured with single breath spirometry.  “As RV (residual volume) cannot be measured using spirometry or pneumotachometry, neither can FRC (functional residual capacity) nor TLC (total lung capacity). These last three volumes can be determined indirectly, as the FRC (functional residual capacity) can be measured using helium gas dilution techniques.”  And there are additional “dynamic” considerations that cannot be measured by these techniques, but may show up on functional testing, such as various forms of exercise testing. “Lung volumes that depend upon the rate at which air flows out of the lungs are termed dynamic lung volumes.  There are various dynamic tests, including the Maximum Voluntary Ventilation test.  Maximum Voluntary Ventilation (MVV) is the largest volume of air that can be breathed in and out of the lungs in 1 minute. It will be reduced in pulmonary diseases due to increases in airway resistance or changes in compliance.”  [footnoteRef:6]     But the MVV still only looks at activity over 1 minute and still may not completely illustrate the functional limitations reached with sustained activity.  The parenchymal diseases especially, including the family of interstitial lung diseases, affect lung compliance because of the varying amounts of fibrosis or scarring of the parenchymal lung tissue, separate from any airway disorders.   More dynamic testing, such as exercise testing including a 6-Minute Walk Test may more accurately describe and demonstrate the functional limitations reached in dynamic activity.    [5:  https://www.medicine.mcgill.ca/physio/vlab/Other_exps/resp/static_n.htm]  [6:  https://www.medicine.mcgill.ca/physio/vlab/Other_exps/resp/dynamic_n.htm] 




[image: https://www.medicine.mcgill.ca/physio/vlab/Other_exps/resp/images/mvv.jpg][footnoteRef:7] [7:  https://www.medicine.mcgill.ca/physio/vlab/Other_exps/resp/dynamic_n.htm] 




"Functional Residual Capacity (FRC) [one of the lung metrics that cannot be measured directly and which is not determined on a standard PFT] is the amount of air remaining in the lungs at the end of a normal exhalation.  It is calculated by adding together residual and expiratory reserve volumes.  The normal value is about 1800-2200 mL.  FRC = RC + ERV.  FRC does not rely on effort and highlights the resting position when inner and outer elastic recoils are balanced.  FRC is reduced in restrictive disorders.”  [footnoteRef:8]   This (FRC) is a dynamic lung measurement not typically included in a standard spirometry or PFT.  But it might explain why a "normal" traditional PFT result (static) might co-exist with decreased exercise (dynamic) capacity.  [8:  https://www.physio-pedia.com/Lung_Volumes] 




“Lung compliance is inversely proportional to elastance. This elastic resistance is both due to the elastic property of lung tissue or parenchyma and the surface elastic force. Any changes occurring to these forces could lead to changes in compliance. Compliance determines 65% of the work of breathing. If the lung has low compliance, it requires more work from breathing muscles to inflate the lungs. In specific pathologies, continuous monitoring of the lung compliance curve is useful to understand the progression of the condition and to decide on therapeutic settings needed for ventilator management.  Several factors Affect Pulmonary Compliance, including the elastic property of the lung tissue (parenchyma): This results from the collagen and elastin fibers meshed inside the lung parenchyma. When the lung is in a deflated state, these fibers fully contract due to elasticity. When the lung expands, they elongate and exert even more elastic force, similar to a rubber band. Thus, the flexibility of these fibers determines the compliance of the lungs. They could be damaged or affected by specific pulmonary pathologies.  Certain pulmonary diseases can influence changes in lung compliance. Some pathologies can decrease lung compliance, including the family of “Pulmonary Fibrosis: Certain environmental pollutants, chemicals, or infectious agents could cause fibrosis of the lung tissue. Genetic diseases can also do so. In fibrosis, lung elastin fibers are replaced by collagens, which are less elastic and decrease the compliance of lung. Such patients need higher work of breathing to inflate more rigid lung alveoli.”  [footnoteRef:9]   (Pulmonary fibrosis is a generic diagnosis and would also include the equivalent general diagnoses of interstitial fibrosis or interstitial lung disease, as well as specific diagnoses of chronic silicosis and asbestosis.) It should be noted that lung "compliance" is also not measured or reflected in a single breath spirometry test or DLCO test.   An individual may be able to do “a normal breath” but they may be limited to one, or two, or just a few, but they may not be able to sustain a "normal breath" consistently over time.   They may reach a limited reserve capacity and this will only be borne out in a dynamic test format.       One breath, requiring sometimes more substantial effort, may be all they can do.   They may run out of capacity and reserve after one maximum inhalation/exhalation cycle.   These “parenchymal” changes in the lung tissue may not be illustrated or demonstrated on standard pulmonary function testing, which determines of the “volumes” of air in the airways.  The individual may be able to “inflate” their lungs as much or as fast as others (may have normal FVC and FEV1), but it may take much more effort for them to do that.  Some individuals “inhale and exhale” a large single breath but they often cannot do three or four attempts that are sometimes required to meet the ATS standards for testing validity. The “ceiling” effort “capacity” is often met sooner with dynamic activity but may not be reached with static testing.  Thus, they may have a normal “static” PFT but not be able to go very far or very fast if they are doing activity.   The main issue is that the physiology is different with parenchymal disease and the PFT does not always illustrate that abnormal physiology.  It has to be measured on a “dynamic” test such as a functional exercise test.  And a 6-MWT fulfills this purpose.  And that also explains why the results may be and can be different between a relatively “normal” PFT and a very low result on a test of dynamic exertion.      [9:  https://www.ncbi.nlm.nih.gov/books/NBK538324/#:~:text=The%20following%20formula%20is%20useful,%E2%80%93%20Pleural%20Pressure%20(Ppl)%7D.] 




With COPD, there are also additional considerations.  In someone without COPD specifically they still could have peribronchial or perialveolar inflammation from parenchymal diseases such as asbestosis, interstitial lung disease, pulmonary fibrosis, or silicosis and this could cause the same effects as described in the following.    "Excessive dynamic airway collapse is a relatively new diagnosis separate from tracheobronchomalacia that is manifested by functional collapse of the large airways. Most commonly described in patients with underlying obstructive lung disease such as chronic obstructive pulmonary disease and asthma, it may contribute to increased dyspnea, cough, or exacerbations.   There are few data published on the role of excessive dynamic airway collapse as related specifically to exercise. It was recently described as the cause for exertional dyspnea in individuals without underlying lung disease."  [footnoteRef:10] [footnoteRef:11] [footnoteRef:12]     These changes may not be observed on static pulmonary function testing and can explain and account for discrepancies between apparently "normal" PFT results and low exertional capacity test results.     [10:  https://pubmed.ncbi.nlm.nih.gov/29631740/]  [11:  https://pubmed.ncbi.nlm.nih.gov/27332956/]  [12:  https://pubmed.ncbi.nlm.nih.gov/33080680/] 


Non-concordance or non-correlation between PFT results and exertional capacity is a phenomenon that does exist and has been demonstrated in scientific literature, and this supports the importance of considering exertional or exercise capacity in order to get a whole person impairment rating and an accurate assessment of the true functional effects of the respiratory condition. Looking at PFT/spirometry alone may be insufficient.   If there is a measurement tool that objectively measures the exertional capacity, either a full exercise test, a 6-Minute Walk Test, or comparing the individual's actual abilities against objectively measured and determined exertion levels determined by the American College of Sports Medicine found in the "Compendium of Physical Activity", this can provide a valid determination of the exertional dysfunction caused by a respiratory condition.  

image1.jpeg

(liters)

szlnum
i lyne

5 sec
2 breath’

Maximum volume
ey byl

Yolume







information provided so far by the Advisory Board and wanted to express an opinion that | think is
important. | am generally a "purist" and feel that if The AMA Guides is the preferred and required
reference, policies and practices should go by that. If the DEEOIC wants to change the standard, I'm
sure they can do that, but it should be codified in their regulations. So, it is important that whatever
the Advisory Board recommends, it should not be based on another personal opinion, but it should

be based on the actual language, instructions, and directions, including listed rating criteria actually
found in The Guides. Table 5-12 lists VO2max as one of the listed rating criteria, on the same status

as FVC, FEV1 and Dco. The Medical Director and the CMCs (consistently) have no basis for
excluding and ignoring that. But they do, consistently. This is flat out wrong and incorrect. One has
to simply read the text.  But this has been a basis for many of the remands of my reports.  Then
there have also been criticisms of use of a 6-Minute Walk Test. You referred to one article that
discussed this to a limited extent, but it really did not provide the standards for completing a 6-
MWT, which have been published by the American Thoracic Society, who developed this exercise
modality in the first place. A better reference, which has all of their recommendations for valid

testing, is found at: https://www.thoracic.org/statements/resources/pfet/sixminute.pdf 1 have also
attached it.

American Thoracic Society

American Thoracic Society Am J Respir Crit Care Med Vol 166. pp 111-117, 2002 DOI:
10.1164/rccm.166/1/111 Internet address: www.atsjournals.org

My recommendation is this: Rather than saying that one method is "preferred over another",
it is better to follow Mr. Bogino's pattern, simply saying that a 6-MWT is an acceptable

method of testing exercise capacity and that it is not prohibited in the language in The Guides.
An appropriate VO2max result is obtained in METs and mL/kg/min, and L/min can be

calculated by multiplying by the individual's weight. As you point out, there is adequate
validity for a 6-MWT, based on research. _The Guides does NOT support that there is a
"preferred" exercise method and that would end up being another personal opinion. The
DEEOIC likes to find such things and then tries to hold onto them, AND THEY EVOLVE over
time. Itis much better to keep them tied to the true language that is actually in The Guides.

| strongly encourage you to stick with this guidance and refer to the language of the required
reference, The 5th Edition Guides as the basis for these recommendations. | think it would
be OK, however, to refer to the ATS standards as the standards for a 6-MWT, although their
statement about this is also not absolute. They discuss their standards for the testing as

"recommendations" and "guidelines" rather than specific requirements. But they developed
the test and should be able to set the standards. However, if another testing format is used,
the standards are probably best applied by the author of the testing protocol The American
College of Sports Medicine has also published a chart that applies the formula for 6-MWT to
distances walked. | think this is the formula to which | think you referred but this chart has
pre-calculated the METs values by distance walked. | have attached that as a reference.


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.thoracic.org%2Fstatements%2Fresources%2Fpfet%2Fsixminute.pdf&data=04%7C01%7CEnergyAdvisoryBoard%40DOL.gov%7C6d6b6f6c4be04a8decf808d9068c48bf%7C75a6305472044e0c9126adab971d4aca%7C0%7C1%7C637548028075562728%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=NDIrDInwHWOjWLN%2B2OsfmFC2TasE%2FMp%2BZhl%2FIyxLkrs%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.thoracic.org%2Fstatements%2Fresources%2Fpfet%2Fsixminute.pdf&data=04%7C01%7CEnergyAdvisoryBoard%40DOL.gov%7C6d6b6f6c4be04a8decf808d9068c48bf%7C75a6305472044e0c9126adab971d4aca%7C0%7C1%7C637548028075562728%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=NDIrDInwHWOjWLN%2B2OsfmFC2TasE%2FMp%2BZhl%2FIyxLkrs%3D&reserved=0

Also, the American College of Sports Medicine has undergone considerable scientific testing
and research to develop and publish the "Compendium of Physical Activities". They have
compared normal day-to-day activities to exercise testing and have determined METs levels
for these activities. This system has been consistently updated. | would prefer to do at least a
6-MWT but this should also be an option one could consider. | am also working on a desktop
handcrank based ergometry test and am trying to develop a sufficient research and clinical
basis for this (I.E. using a Monarch 881E Rehab Trainer, for instance). This would be
equivalent to doing a bicycle ergometry test, but | am looking for a protocol for this.  Some
claimants have significant exertional limitations but cannot even effectively complete a 6-
MWT. If it can be tested appropriately, it should be considered. With almost all of these
claimants with respiratory disease, their primary impairment is in their functional ability.
There are very good reasons, research supported that they can have a normal PFT but very
low exertional capacity. | provided a statement of the research | have found on this topic.
The DEEOIC in their seemingly "biased" system wants to exclude consideration of that, almost
altogether, even though it is a listed rating criterion. | am just trying to find valid methods for
testing this, in all circumstances, so that this is not excluded from consideration because of
"lack of a test".

It is also important for you to understand that CPET (treadmill or bicycle ergometry) is generally NOT
available in the TriCities, Washington or the greater Las Vegas areas, where | do most of my rating
evaluations. For many years, we had a good source in the TriCities that was doing them. But when
COVID hit in March 2020, they stopped doing them altogether and there are no other hospitals or
clinics in the TriCities or in Western Washington that are doing these. We have occasional claimants
in Western Washington and we are sometimes able to find a resource to do them but it is usually
difficult. In Las Vegas, prior to COVID, we had an agreement set up with University Medical Center,
the only place we could find who would do exercise tests, but they also cut this off with the onset of
COVID. For about 5 months we could not get any testing, even PFTs, as every medical facility was
shut down except for emergencies and this was not considered to be such. Since about October
2020, we have been able to get PFTs. There is only one facility that will do a bicycle ergometry test
but they will not bill DEEOIC under the claimant's white card and they require cash payment up
front. Another consideration is that there is increased risk because of COVID with these claimants,
all of whom have significant respiratory disease. Exposing them to "hoses and tubes" could be
considered prohibitive even if these are disposable. It can't be avoided for a PFT but there is
alternate testing for exercise. This is probably part of the reason for the decrease in access to this
testing modality. So, with both areas of the country, we have had to use 6-Minute Walk Tests as the
only available exercise test. But please consider that this test generally, has very limited availability,
pretty much across the country, as we also have difficulty getting this testing for occasional outlying
impairment evaluations.  The other physicians doing impairments are not finding or reporting this
because they are simply not relying on this measurement in the first place. | would venture that |
am one of only a few who are appropriately looking at this, only because | have been willing to stand
up to the Medical Director's biased and incorrect requirements, which have only been based on his
personal belief system and agenda, and inconsistent with The Guides.



| am happy to discuss all of this further as needed.

Loren Lewis, MD, MPH
Occupational Medicine Specialist
Impairment Specialist



