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M.C.L. Snijders, L.G.H. Koren, H.S.M. Kort, Classification of physical independence in
older occupants with chronic lung disease at home - a pilot study, Gerontechnology
2002; 1(3): 163-174. Objective: Chronic lung problems often constrain physical inde-
pendence of older occupants. The usefulness and practicality of an existing physical
independence level assessment has been studied. Methods: Nine independently living
older occupants (aged 52-73) with chronic lung disease participated in a pilot study.
Physical performance in daily activities was determined from heart-rate and body-move-
ment registrations during a seven-day period at home and a standardised cycle ergome-
ter test in hospital. The individual’s baseline for physical independence was deduced
from physical performance outdoors. Results: The highest actual energy expenditure at
a relative physical strain of 40% allowed us to assign subjects to physical independence
levels 3 (4 subjects) or 4 (5 subjects). At level 3 activity accommodations, technical aids,
and informal assistance are required; at level 4 professional assistance is needed too.
Subjects at level 4 had lower values of body weight, body height, peak oxygen uptake,
and peak minute ventilation than subjects at level 3. The severity of airflow limitations
did not predict physical independence level. Physical performance during outdoor wal-
king showed a higher relative physical strain (above 40%) at physical independence
level 4 as compared to 3. This high strain limits duration of performance as a way of
activity accommodation. Conclusion: Physical independence level assessment is suited
to distinguish baselines for physical independence levels 3 and 4 under daily living con-
ditions in older occupants with chronic lung disease. In the future, the assessment
method may give insight into the influence of efficacious interventions on physical per-
formance parameters.
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Older occupants with chronic lung disease
experience limitations in physical independ-
ence in daily life. Lung functionality is
reduced, which sets an upper limit to physi-
cal independence1. As long as self-maintain-
ing activities of daily life (ADL), such as per-
sonal care and management of the house-
hold, are possible, individuals can live inde-
pendently2. Such activities are markers of the
potential for physical independence or the
need for assistance3. Chronic Obstructive
Pulmonary Disease (COPD) is associated
with an added difficulty or dependence in
ADL activities, especially mobility and house-
hold activities4.

In previous studies, physical ADL perform-
ance was only measured with self-reported
inventories and with physical performance
and capacity tests in the laboratory2,3,5-8.
Pulmonary function tests may evaluate the
severity of COPD9, but do not predict to
what extent persons may execute ADL activ-
ities8. Quantitative measures under daily liv-
ing circumstances may be more representa-
tive. These may also allow identification of
short-term environmental influences on
physical performance, for example due to
air-pollution exposure10.

An existing system of physical independence
levels has been adapted. The scale runs from
full independence (level 1) to non-independ-
ence (level 5). These levels have been related
to the required energy expenditure with
accessory discriminating physical activities11.
Extra-individual factors, such as technologi-
cal adaptations and assistance by others
have not been investigated.

The aim of this pilot study is to examine the
usefulness and practicality of assessment of
physical independence levels under daily liv-
ing conditions in older occupants with chron-
ic lung disease.

MATERIALS AND METHODS
Data were collected in subjects’ home envi-
ronments. The method to describe physical

P h y s i c a l  i n d e p e n d e n c e  c l a s s i f i c a t i o n

independence, the measurement protocol,
and the data analysis are described below.

Subjects
Criteria for inclusion of subjects were as fol-
lows: living independently, between 50 and
75 years of age, a diagnosis of symptomatic
COPD by a pulmonologist, no sensitization
to inhalant allergens (total IgE < 100 kU·l-1

and negative Phadiatop), and a stable clinical
condition. Subjects with evidence of cardio-
vascular disease, rheumatism, obesity, neuro-
logical or locomotor disease, or other dis-
abling diseases were excluded. Maintenance
medication of subjects could include theo-
phylines, ß2-agonists, and oral or inhaled
corticosteroids.

Fourteen elderly persons (4 females, 10
males) with chronic lung disease were select-
ed from outpatient clinics of the department
of lung diseases in the Elkerliek Hospital
Helmond, The Netherlands. In daily practice
subject’s level of physical independence was
estimated.

All subjects gave written informed consent to
participate in the pilot study after procedures
were explained to them. This study was
approved by the Medical Ethical Committee
of the Elkerliek Hospital Helmond and by the
Ethical Committee of the Technische
Universiteit Eindhoven.

Physical independence
From the first meeting with the subjects, the
potential for physical independence was
described qualitatively from subject’s per-
spectives in terms of the experienced prob-
lems in physical performance.
In addition, the corresponding physical inde-
pendence level was assessed for each subject
by quantifying indicators of the physical per-
formance in daily activities11.

Protocol for quantifying 
physical performance
The measurement protocol consisted of a
one-week period during which the physical
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performance was monitored in the subject’s
home environment. The exercise tests and
pulmonary function tests in hospital preced-
ed or followed the field measurements.
Measurements were conducted from March
1997 to September 1997.

The physical performance in daily activities
was quantified by the actual energy expendi-
ture (AEE), relative physical strain (%VO2r),
and body movement in daily life, using an
ambulatory physical performance monitor.
This monitor consisted of a heart-rate moni-
tor (Vantage NVTM, Polar Electro Oy, Finland)
and a body-movement monitor (Tracmor-1,
developed by the Technische Universiteit
Eindhoven, Eindhoven, and University of
Maastricht,  Maastricht, The Netherlands).

Individual’s actual energy expenditure AEE
and relative physical strain were estimated
from known quantitative relationships
between oxygen uptake, heart rate, body
movement, and personal characteristics11.
Mean values of oxygen uptake recorded
over the final two minutes of sub-maximal
exercise on a cycle ergometer in hospital at
20% and 40%, respectively, combined with
peak oxygen uptake, were used as calibra-
tion points to determine the individual’s
heart-rate versus energy-expenditure regres-
sion equation during daily life. A conversion
factor of 20.19x103 [J·l-1] was used to convert
the oxygen uptake (VO2) to the energy
expenditure and vice versa12. The actual
energy expenditure AEE was estimated from
the energy expenditure during a certain
activity with a correction for a changed
metabolic rate in COPD individuals. The
changed metabolic rate is estimated as a
ratio of the resting metabolic rate for a
healthy adult relative to the resting metabol-
ic rate for an individual with chronic lung dis-
ease. The degree of relative physical strain is
assessed by the quotient of the difference
between oxygen uptake during activities in
daily life and during sitting quietly on a cycle
ergometer in hospital, and the difference
between peak oxygen uptake and oxygen

uptake during sitting quietly on a cycle
ergometer in hospital. This relative physical
strain –as distinct from the physical strain-
provides an equivalent relative exercise
intensity for individuals with different resting
energy expenditure, as found in COPD. In an
activity log subjects recorded the type of
daily activity and time engaged in it. Most
daily activities were covered and could be
scored in a standardised way. The time reso-
lution of the log was 15 minutes.

Prior to actual recording, subjects practised
the use of the physical performance monitor
and activity log under supervision of the
researcher and consecutively two or three
days during daily life. Subjects were instruct-
ed to wear the monitors from day 1 to day 7
during all waking hours, except during
bathing, taking a shower, or swimming.
Subjects were asked not to alter their
lifestyle, in spite of daily monitoring.

Data analysis
The characteristics of subjects are given as
median. The values for pulmonary function
and physical performance were expressed as
a percentage of a reference value13. Physical
independence level was deduced from phys-
ical performance in outdoor activities during
7 weekdays. All physical activities with
dynamic properties were included for the
classification. An activity is defined dynamic,
when during the current minute or either of
the two previous minutes body movement
during a task is larger than zero counts per
minute and heart rate is larger than heart
rate while sitting quietly. An individual’s
highest actual energy expenditure (AEE) at a
relative physical strain of 40% allows us to
assign subjects to one of the five physical
independence levels: at least 419 J·kg-1·min-1

for level 1, at least 279 J·kg-1·min-1 for level 2,
at least 174 J·kg-1·min-1, and at least 105 J·kg-

1·min-1 for level 4. The boundary values of
these levels are deduced from the average
energy expenditure required for performance
in accessory discriminating physical activities
in daily life11. For example, going upstairs
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carrying a 7 – 10 kg load or cycling at 16 km
per hour are discriminating activities for level
1. The assumption was made that outdoors
only a minimal exposure to air pollutants was
present that could influence physical per-
formance. For this reason indoor activities
were excluded from analysis. At least 15
minutes of activity in the outdoor air was
assumed necessary to exclude any effect of
earlier exposure to indoor air pollution. A
body movement versus actual energy expen-
diture (BM/AEE) ratio was introduced to gain
additional insight into activity accommoda-
tions.

P h y s i c a l  i n d e p e n d e n c e  c l a s s i f i c a t i o n

Statistical analysis was performed by use of
SPSS, release 7.5. Differences between
groups with different severity of COPD were
calculated using the Kruskal-Wallis test.
Differences between groups with a different
physical independence level were calculated
using the non-parametric Mann-Whitney U-
test (one-tailed) because of small group
sizes. The confidence level was set at 5%.

RESULTS
Characteristics of the group of subjects, as
well as the results of the assessment for
physical independence are presented below.
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Subject Severity History Physical
Age of FEV1 of Reported problems in physical indepen-
[y] Gender COPD9 [l] COPD performance dence level 

1 61 f No 2.02 5 Changing sheets, washing 4
windows, walking, walking 
while talking

2 73 f Mild 1.15 21 Carrying groceries while 4
walking, walking while talking

3 59 m Moderate 1.91 2 Put on shoes, walking, 3
going upstairs, cycling

4 56 m Moderate 1.94 7 Dressing, bathing, care for hair, 3
general decline in intensity, 
lifting up things, gardening 
more than 1 hour, going 
upstairs

5 67 m Moderate 1.57 2 General decline in intensity, 3
cycling uphill

6 69 m Severe 0.75 2 Bending forwards, going 
upstairs, carrying materials 
while walking, gardening, 
walking, cycling

7 52 m Severe 1.08 10 Sequential activities during 4
morning, general decline in 
intensity, washing hair, going 
upstairs, lifting up things, 
feeding pigs

8 53 m Severe 1.32 < 1 Walking, going upstairs, 4
cycling, farming

9 70 f Severe 0.63 30* Cleaning floor, walking, going 4
upstairs, sequential cleaning 
activities on one day, cycling 3

Table 1. Description of subjects, m: male; f: female; FEV1:forced expiratory volume in one second; 
subject 1 had asthma as a child.



Accompanying physical performance in out-
door activities is described.

Characteristics of subjects
Five subjects were excluded from the pilot
study because of missing data: body-move-
ment sensor appeared out of order (three
subjects), exercise tests and lung function
tests were unavailable (one subject), or max-
imal cycle ergometer test was unavailable
(one subject). The remaining nine subjects
completed the whole pilot study (Table 1).
Body data included body height h (median
1.65 m), body weight w (median 76 kg) and
body mass index w/h2 (median 27 kg·m-2).
Pulmonary function was expressed as forced
expiratory volume (FEV1) before (median
1.45 l) and after bronchodilation (median

1.54 l), as FEV1 percent predicted, i.e.
100·observed/predicted (FEV1%pred, medi-
an 53%, range 30% to 86%). Physical per-
formance during a maximal exercise test on
a cycle ergometer was expressed as peak
load (median 125 Watt, corresponding to
90% predicted), peak oxygen uptake (VO2
peak, median 1.7 l·min-1, corresponding to
93% predicted), peak minute ventilation (VE
peak, median 52.8 l·min-1, corresponding to
61% predicted) and peak heart rate
(HRpeak, median 149 min-1, corresponding
to 86% predicted). Defined by the consen-
sus statement of the European Respiratory
Society9, eight subjects had a mild to severe
COPD and one subject was without obstruc-
tion. No significant differences in age and
physical characteristics were found between
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Figure 1.Physical independence level of elderly persons with chronic lung disease (n=9)
according to actual energy expenditure (AEE) at a relative physical strain (%VO2r) of 40%
for outdoor activities (only activities with dynamic properties) during 7 weekdays. Physical
independence levels 3, 4, and 5 are indicated by dashed horizontal lines; level 5 is the
lowest level of physical independence, including non-independence. The dashed vertical
line corresponds to 40 %VO2r. Numbers refer to subjects. Subject 1 was without irreversi-
ble airway obstruction; subject 2 had mild COPD; subject 3, 4 and 5 had moderate COPD;
subject 6, 7, 8 and 9 had severe COPD9. Weekly median value ( o ) and the range of daily
median values ( —| ) are given. Subject’s level of physical independence is indicated by the
oblique AEE-%VO2r line: level 3 is indicated by a bold dashed line and level 4 by a nor-
mal dashed line



subjects with no, mild, moderate or severe
COPD (Kruskal-Wallis test).

Physical independence level assessment
All subjects indicated activity accommoda-
tions (Table 1), thus excluding physical inde-
pendence level 1. A decrease in intensity or
duration was mentioned for one or more
activities in the field of personal care, man-
agement of the household, mobility, and
recreation. The speed of walking was also
decreased in all subjects, thus excluding
physical independence level 2 (extra techni-
cal aids or activity accommodations needed).
Subject’s perspective on experienced prob-
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lems could not characterise subjects to either
physical independence level 3 (additional
informal assistance needed) or level 4 (pro-
fessional assistance needed).

Quantitatively the physical independence
level was established from the actual energy
expenditure (AEE) on outdoor activities with
the accompanying relative physical strain
(%VO2r). Median actual energy expenditure
was 171 J·kg-1·min-1, and ranged widely from
136 J·kg-1·min-1 (subject 5) to 242 J·kg-1·min-1

(subject 4). Median relative physical strain
was 47% and ranged from 23% (subject 5)
to 63% (subject 1). In Figure 1, the AEE is
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Table 2. Characteristics of subjects completing the whole pilot study (n=9), differentiated by physical
independence level. Data are presented as median (range). n-values denote number of subjects.
Significantly different between the levels: * = p < 0.05, ** = p < 0.01, NS = not significant (one-tailed
Mann-Whitney U-test). For abbreviations see Materials and Methods

Physical independence level p-
value

Level 3, n=4 Level 4, n=5

n median (min – max) n median (min – max)

Age [yr] 63 (56 – 70) 61 (52 – 73) NS
Body weight [kg] 83 (75 – 90) 60 (50 – 75) **
Body height [m] 1.80 (1.62 – 1.81) 1.64 (1.50 – 1.76) *
Body mass index [kg·m-2] 27 (24 – 29) 22 (18 – 31) NS
FEV1, before bronchodilation [l] 1.74 (0.63 – 1.94) 1.15 (0.75 – 2.02) NS
FEV1, after bronchodilation [l] 1.86 (0.91 – 2.57) 1.32 (0.79 – 1.71) NS
FEV1 [%pred] 53 (30 – 53) 37 (34 – 86) NS
Forced vital capacity [%pred] 76 (42 – 92) 91 (65 – 102) NS
Total lung capacity [%pred] 93 (66 – 134) 115 (101 – 155) NS
Peak load [Watt] 140 (76 – 170) 91 (55 – 129) NS
Peak load [%pred] 82 (61 – 97) 103 (69 – 127) NS
Peak oxygen uptake [l·min-1] 1.95 (1.44 – 2.22) 1.27 (0.94 – 1.61) *
Peak oxygen uptake [%pred] 91 (86 – 94) 73 (58 – 110) NS
Peak minute ventilation [l·min-1] 73.35 (40.30 – 87.40) 42.10 (33.60 – 47.30) *
Peak minute ventilation [%pred] 61 (56 – 85) 57 (41 – 68) NS
Peak heart rate [min-1] 151 (125 – 152) 126 (113 – 150) NS
Peak heart rate [%pred] 89 (76 – 94) 83 (69 – 90) NS
f COPD 0.9 (0.7 – 1.0) 0.5 (0.5 – 1.0) NS



plotted against the %VO2r. Three hierarchi-
cal levels of physical independence are
shown. A dashed vertical line at 40 %VO2r
indicates a threshold of comfort for the phys-
ical performance. The intersection of the
individual’s AEE - %VO2r line with this verti-
cal 40 %VO2r line assigns subjects to one of
the five physical independence levels. An
extrapolation of the measured AEE - %VO2r
line is used in case of absence of an intersec-
tion with the vertical 40 %VO2r line (subject
1, 5, 6, 8). Four subjects (subject 3, 4, 5, 9)
are at level 3 and five subjects (subject 1, 2,
6, 7, 8) at level 4. Physical independence lev-
els 1, 2 and 5 were not present. Only subject

5 (level 3) performed outdoor activities at a
daily median physical strain below 40%. In
subjects 1, 6 and 8 (level 4), the daily medi-
an relative physical strain was continuously
above 40%.

Subjects at physical independence level 4
had a significantly lower body weight, lower
body height, lower peak oxygen uptake
(VO2 peak) and lower peak minute ventila-
tion (VE peak) than subjects at level 3. Body
mass index was comparable between the
two groups. At level 4, two subjects (subject
6 and 8) had a body mass index below 21
kg·m-2, indicating underweight14. There was
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Outdoor activity Physical independence level p-

value
Level 3, n=4 Level 4, n=5

n median (min – max) n median (min – max)

Walking 3 5
Actual energy expenditure [J·kg-1·min-1] 160 (107 – 238) 168 (151 – 213) NS
Relative physical strain [%] 34 (13 – 40) 54 (50 – 60) *
Body movement [counts·min-1] 30 (14 – 38) 29 (11 – 34) NS
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.12 (0.07 – 0.40) 0.16 (0.08 – 0.23)NS

Cycling 4 3
Actual energy expenditure [J·kg-1·min-1] 218 (143 – 231) 168 (161 – 222) NS
Relative physical strain [%] 40 (25 – 61) 59 (50 – 63) NS
Body movement [counts·min-1] 19 (18 – 20) 26 (23 – 28) *
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.09 (0.08 – 0.12) 0.15 (0.09 – 0.15)NS

Gardening 4 4
Actual energy expenditure [J·kg-1·min-1] 194 (178 – 223) 194 (151 – 217) NS
Relative physical strain [%] 37 (32 – 52) 57 (53 – 65) *
Body movement [counts·min-1] 11 (5 – 13) 24 (11 – 26) *
BM/AEE ratio [counts·min-1 / J·kg-1·min-1] 0.05 (0.03 – 0.07) 0.12 (0.05 – 0.16)NS

Table 3. Physical performance in subjects (n=9) during outdoor activities in daily life: walking, cycling
and gardening (only activities with dynamic properties). Data are presented as median (range).
Performance is differentiated by physical independence level and based on weekly medians. n-values
denote number of subjects who performed this activity. Significant differences between levels: * = p <
0.05, NS = not significant (one-tailed Mann-Whitney U-test)



no significant difference in age, lung func-
tion, and other physical characteristics
between level 3 and 4 (Table 2).

Accompanying physical performance
Depending on the type of activity, physical
performance in outdoor activities differed on
one or more parameters between subjects
classified at level 3 and level 4. At level 4, the
relative physical strain (%VO2r) was signifi-
cantly higher than at level 3, both during
walking and gardening. It was above 40%.
For both cycling and gardening, body move-
ment was higher at level 4 as compared to
level 3 (p < 0.05) (Table 3).

DISCUSSION
The present pilot study was performed to
establish usefulness and practicality of phys-
ical independence level assessment in older
occupants with chronic lung disease.
Subjects were classified according to the
actual energy expenditure and relative phys-
ical strain during the performance of physical
tasks outdoors. Results show that objective
assessment made it possible to distinguish
baselines of physical independence at levels
3 and 4. The accompanying physical per-
formance in outdoor activities provided
information about the presence of activity
accommodations.
Physical independence, here deduced from
physical performance in daily activities, is
one of the better indicators for health quali-
ty of buildings and their surroundings,
because it has a rather direct relationship
with design choices made by architects and
urban planners. Also, these health indicators
may allow identification of short-term
changes in health due to environmental
impact factors. These changes can be quan-
tified in terms of inefficiency in physical per-
formance, as indicated by the body move-
ment versus actual energy expenditure
BM/AEE ratio. The assessment method will
give insight into actual versus optimal combi-
nation of physical performance parameters
and efficacious interventions. In the future,
application of this method may benefit
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home-care programmes for coaching sub-
jects with a building-related disease such as
older occupants with chronic lung disease. It
may deliver an indirect control option to
achieve optimal daily functioning and insight
in the effectiveness of environmental inter-
ventions.

Usefulness and practicality
First of all, methodology needs attention. Since
all subjects were classified at levels 3 and 4 on
the physical independence scale, only this part
of the physical independence level system
could be validated. It will be of importance to
examine the usefulness and practicality of the
method in its full range. Additional information
might be delivered by performance level over
a prolonged period15. Another informative
parameter is the frequency of certain activities.
Our pilot study was not long enough for tak-
ing these into account. Although subjects did
not complain about wearing the physical per-
formance monitor, integration and miniaturisa-
tion in a single, small and lightweight device
with easy user interfaces could enhance the
user-friendliness and allow for long-term
measurements. A warning signal in case of
sampling errors will minimise the number of
missing data. Data collection from the monitor
by remote communication (telephone, broad-
band) will also be needed.
Two minutes of body movement were
required to allow sufficient time for shifting
from the inactive to the active period. Only
active periods were taken into account. This
achieves improved precision in the oxygen
uptake estimates16. Although this method
will probably never be as accurate as the use
of doubly labelled water over a two week
period in measuring the individual’s energy
expenditure, it can give a fair estimate of the
energy expenditure in time17. The conversion
from the oxygen uptake to the energy
expenditure made use of the value
20.19x103 J·l-1, as metabolic processes were
assumed to be essentially aerobic. The critical
boundary between the aerobic and anaero-
bic process may be at 64% of the peak oxy-
gen uptake during one hour of continuous
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activity18. At higher values, the estimated
actual energy expenditure (AEE) should be
considered with caution.

Body movement registration has been used
earlier to provide an objective estimate of the
energy expenditure in healthy adults during
daily life19. A validation for elderly persons
with chronic lung disease is not yet available.
Unfortunately, the quantity of body move-
ment measured in this pilot study is hardly
comparable to earlier findings, because pre-
vious evaluations of body-movement moni-
tors used healthy young adults and an earli-
er version of the monitor19. Additionally, the
activities producing these body movements
were not standardised. Walking could mean
walking alone, with a spouse, with a dog, or
with grandchildren.

A relative physical strain of 40% (40
%VO2r) instead of 40% of peak oxygen
uptake (VO2 peak) was used as a threshold
for comfort, since the oxygen uptake during
sitting quietly (VO2 sitting) and peak oxygen
uptake (VO2 peak) may differ substantially
among elderly persons with chronic lung dis-
ease20. The use of relative oxygen uptake
rather than absolute values resulted in more
valid observations of physical strain. The
assumption that a relative physical strain of
40% (40 %VO2r) is a reasonable average
upper limit for the physical performance in
daily activities without discomfort or fatigu-
ing will need further validation in elderly per-
sons with chronic lung disease.

Energy requirements for the different levels
of physical independence were based origi-
nally on healthy adults with a resting meta-
bolic rate equalling 69.77 J·kg-1·min-1 21. For
using this scale for elderly persons with
chronic lung disease, in which a disturbed
metabolism might be present, an individual
correction factor for the changed metabolic
rate (f COPD) was introduced11. The under-
lying mechanism for the disturbed metabo-
lism, both during rest and during activity, is
not yet clear. A disease-related increase in

the resting metabolic rate develops in a num-
ber of patients with severe COPD22. Elderly
persons with COPD show an increase in total
daily energy expenditure as compared to
healthy elderly persons23. Variation in the
total daily energy expenditure is associated
with differences in energy expenditure for
activities24, perhaps because of a decreased
efficiency of energy expenditure25. The factor
f COPD has to be investigated in relation to
quantity of change in the resting metabolic
rate versus the energy expenditure during a
certain task (EE task). We estimated the
changed metabolic rate f COPD as a ratio of
resting metabolic rate for a healthy adult rel-
ative to resting metabolic rate for an individ-
ual with chronic lung disease and assumed
that changes in metabolic rate during rest
and during activity are similar. The value for
the resting metabolic rate was obtained from
sitting quietly (without movement) on a
cycle ergometer. The resting metabolic rate
values, obtained from laying down and sit-
ting quietly in a chair, standing, sitting quiet-
ly on the bicycle ergometer, were similar to
measurement for the resting metabolic rate
in a calorimeter during most of the awake,
inactive portion of the day17.

Physical independence level
Levels 3 and 4 were expected from the self-
reports for physical independence because of
the perceived disabilities in mobility, house-
hold management, personal care and occu-
pation. However, from a subject’s description
of limitations in physical performance, a dif-
ferentiation in independence levels was
impossible to make. Earlier it was found that
COPD patients score 53 for management of
the household, 83 for personal care and 65
for social activity, where 100 represents the
highest level of ability7. In this qualitative
description only some of the limitations were
mentioned. Reasons for not mentioning oth-
ers could be unawareness, already adopted
behaviour or the idea that all elderly persons
are confronted with these limitations.
Intensity of performance was not described
qualitatively by the subjects. Differences in
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functional status could be significant as
well26, but were not observed by the present
subjects.

In contrast to disability from self-reports, the
semi-quantitative assessment for physical
independence distinguished two levels: 3
and 4. At level 3 activity accommodations in
personal care and household activities, tech-
nical aids, and informal assistance by rela-
tives are required to optimise physical inde-
pendence; at level 4 professional assistance is
needed too11. Peak oxygen uptake (VO2
peak) and peak minute ventilation (VE peak)
differed between these levels. This is in
accordance with a report in the literature27

that peak oxygen uptake plays an important
role in task performance. In elderly persons
with chronic lung disease a reduced lung
ventilatory capacity is assumed to be the
main factor limiting physical independence28.
A difference in physical independence
among groups could not be explained by
possibly disturbing factors such as age and
severity of COPD (FEV1%pred), since these
variables were not significantly different
among groups. On the other hand, the addi-
tional impact of ageing was taken into
account by this physical independence level
assessment. Subject 2, who had a mild
COPD and was 73 years old, was classified at
level 4. Subject 9, who had a severe COPD
and was 70 years old, was classified at level
3. Both subjects had a normal metabolism,
i.e. the factor f COPD was 1. In accordance
with other studies7,8, the disease-related
changes in lung function, as reflected in
FEV1%pred, did not play a significant direct
role. Subjects with no, mild, moderate or
severe COPD were similar in age and physi-
cal characteristics. A severity assessment of
COPD evaluates the degree of respiratory
impairment as compared with standard
data9.

The difference between level 3 and level 4 in
body weight disappeared, when body
weight was related to body height,
expressed as body mass index. However,

P h y s i c a l  i n d e p e n d e n c e  c l a s s i f i c a t i o n

body weight and body mass index do not
take into account differences in body com-
position between subjects. Subjects with
COPD can suffer from a marked depletion of
fat-free mass despite a normal body
weight14,29. The fat-free body mass should be
included in future studies.

Activity accommodations
Large within-group differences in the relative
physical strain during activity indicate that
physical performance not only depends on
demand made by an activity and on the
available capacity, but also on strategies by
which activities were deployed to meet
demands. Personal decisions on activity
accommodations are probably made by
weighing the anticipated satisfaction derived
through an activity against the discomfort
that may occur. Activity accommodations
refer to a lower intensity or frequency, pac-
ing, planning, or termination of that activity3.
Activity accommodations in personal care
and management of the household were
expected at physical independence levels 3
and 4. Physical performance in cycling
leisurely caused a relative physical strain at or
above 40% at both levels. This high strain
indicates that activity accommodation is
needed. Only at a higher independence level
(level 2 or above) is cycling leisurely possible
without discomfort or fatiguing. Remarkably,
body movement during cycling of subjects at
level 4 was significantly higher than of those
at level 3, although actual energy expendi-
ture (AEE) and relative physical strain
(%VO2r) were similar. This increase in body
movement was probably not referring to an
increase in velocity, but might refer to a
decrease in efficiency in the less independent
subjects30. Such inefficiency might also cause
an increased body movement at level 4 dur-
ing gardening. Walking leisurely or garden-
ing at a relative physical strain below 40%
was impossible at level 4, as predicted by the
assessment method for physical independ-
ence. Walking leisurely is a discriminating
task for level 3, and gardening for level 211. A
supposedly sub-maximal exercise, like 12
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minute walking, results in a ventilatory and
metabolic response close to a peak physio-
logical training effect in subjects with
COPD6. The high relative physical strain dur-
ing walking is an indirect indication for activ-
ity accommodation at level 4, because the
duration of performance would be limited.
The body movement versus actual energy
expenditure (BM/AEE) ratio did not differ
between levels 3 and 4, meaning that a
decline in the level of physical independence
appears as a change along the same AEE-BM
line. A comparison with the physical per-
formance in healthy subjects in the same age
group could give insight into activity accom-
modation strategies in elderly subjects with
chronic lung disease.

Recommendations
Before the assessment method can be
applied in for example home-care pro-
grammes for older occupants with chronic
lung disease, further studies are needed on a
larger number of subjects distributed over all
levels of physical independence. In addition
to activity accommodations, technical aids,
technological adaptations, and assistance are
used to optimise independence7. Ideally, the
environment should be made optimal such
that the occupant’s physical independence is
the limiting factor. Furthermore, it is of
importance to study the impact of activity
accommodations in interaction with enabling
environmental interventions on the level of
physical independence.
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