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ABSTRACT: This study was designed to evaluate the performance of movement detec-
tors (pedometers) in measuring daily activity of patients with chronic lung disease.

Three groups of subjects were studied: group 1: 25 patients with stable nonhypercap-
nic chronic obstructive pulmonary disease (COPD) (forced expiratory volume in one
second (FEV1) = 47+9% predicted) studied twice, one month apart; group 2: 25 patients
with chronic respiratory failure studied before and three months after nasal nocturnal
mechanical ventilation; and group 3: 25 normal healthy subjects studied once.

The median level of activity in the healthy subjects (group 3) was three times
greater than in either group of patients (groups 1 and 2). Activity levels were not cor-
related with age, sex or employment status. The repeatability of the activity counts in
the nonhypercapnic COPD patients was high (intraclass correlation coefficient=0.94)
and in these patients activity correlated significantly with FEV1 (r=0.54, p=0.006). In
the respiratory failure patients, daytime arterial carbon dioxide pressure (Pa,CO,)
improved following nasal nocturnal mechanical ventilation (NMV) (pre NMYV: 8.5+1.2
kPa; post NMV: 6.2+0.5 kPa), health status improved (p<0.004) and daily movement
count doubled (p<0.0001). This increase correlated with change in Pa,co, (r-0.53,
p=0.006), but not with improved health status.

We conclude that motion detectors may provide repeatable measures of daily activ-
ity that are related to physiological impairment and improvement following treat-
ment. Activity counts appear to be complementary to estimates of exercise limitation

Krankenhaus Kloster Grafschaft, Zentrum
fiir Pneumologie, Beatmungs- und Schlaf-
medizin, 57392 Schmallenberg, Germany.
**Division of Physiological Medicine,
St George' s Hospital Medical School,
London, SW

Correspondence: B. Schonhofer
Krankenhaus Kloster Grafschaft

Zentrum fiir Pneumologie, Beatmungs- und
Schlafmedizin

57392 Schmallenberg

Germany

Keywords: Chronic obstructive pulmonary
disease

chronic respiratory failure

health status

nocturnal mechanical ventilation
pedometers

physical activity

Received: January 27 1997
Accepted after revision September 9 1997

obtained using health questionnaires.
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Chronic respiratory disease is known to cause a reduc-
tion in exercise capacity, whether measured in a formal
exercise test or through self-report using scales for dysp-
noea or health status ("quality of life"). Exercise tests
based upon walking speed are widely used and consist-
ently correlate well with self-reported exercise limitation
[1-3]. Such tests are usually performed over a relatively
short period, typically a few minutes, and assess exercise
tolerance in terms of maximum achievable work rate (in
an incremental test) or average work over a period of a
few minutes (during timed walking tests). Self-reported
exercise impairment measured by dyspnoea scales [2] or
health status questionnaires [4, 5] assess physical limita-
tion by identifying those activities that are either not pos-
sible or are difficult to perform because of breathlessness
or fatigue. Neither of these approaches measure the level
of activity that the patients, within their physical limita-
tions, at their own pace, are capable of.

This study has been carried out to test the feasibility of
using motion detectors (pedometers) to assess the level
of activity in patients with chronic lung disease. Three
groups of subjects were studied to examine different as-
pects of the performance of these devices. To assess rep-
eatability, daily activity was measured in an group of
nonhypercapnic patients with moderate to severe chronic
obstructive pulmonary disease (COPD) on two occasions,

one month apart. To examine the response to treatment,
patients with chronic ventilatory failure were assessed be-
fore and 3 months after being established on home nasal
nocturnal mechanical ventilation (NMV). In the third
study, an age and sex matched population of healthy dis-
ease-free subjects was studied to provide a reference point
for normal levels of daily activity as measured using these
devices.

Patients and methods

Movement counting device (pedometer)

Before carrying out the main study we examined ped-
ometers from four different manufacturers. Four examples
of each device were obtained and one of each type was
selected as a reference against which the other three were
compared. To test reliability, two devices (from the same
manufacturer) were worn simultaneously by a healthy
subject until the reference device accumulated 5,000
movements. Reliability was considered acceptable if the
two devices differed by less than 10%. Only one manu-
facturer produced motion detectors that met this level of
reliability. This device was the Fitty 3 (Kasper & Richter
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Company, Uttenreuth, Germany). This is a miniature
solid-state device costing approximately US $50. It is easy
to use and is fixed to the trouser or coat belt. One move-
ment in the vertical dimension is registered as a single
count. Twenty pedometers of the same type were obtained
and tested in the same way. Four did not match the per-
formance of the reference instrument and were discarded.
The mean (+9) percentage difference between the four
defective devices and the reference device was 18+35%.
In the remaining 16 devices, the mean (+3) percentage
difference was 7+2%.

The sensitivity of the devices to other sources of move-
ment was examined. It was found that vibration associat-
ed with car driving would also be registered. To avoid this
problem, subjects were asked to record the number of
movements accumulated that day before traveling in a
vehicle of any form and the number accumulated on leav-
ing the vehicle. The difference was subtracted from the
daily total. All assessments of activity were made over a 7
day period. Daily movement counts were recorded on a
diary card at the end of each day. In studies that involved
repeated measurements of movement in the same subject,
the same pedometer was used for each assessment. Stud-
ies were performed in three groups of subjects: group 1:
patients with COPD but without hypercapnia; group 2:
patients with chronic respiratory failure; and group 3: nor-
mal healthy controls. The normal subjects and the nonhy-
percapnic COPD patients were age and sex matched to the
respiratory failure patients.

Nonhypercapnic COPD patients

Twenty five out-patients with moderate to severe chron-
ic airways obstruction were recruited. All were clinic-
ally stable and nonhypercapnic. The pedometers were sent
to the patients who were then contacted by phone by one
of the investigators to ensure that the correct procedure
was followed. They completed diary cards recording the
total number of movements per day for seven consecutive
days prior to spirometric and blood gas measurements in
the clinic. This process was repeated 1 month later for
another 7 days of recording. Therapy was not changed
during this interval.

Respiratory failure patients

These patients were studied before and after the intro-
duction of NMV. All 41 patients with chronic respiratory
failure referred for NMV to the investigating hospital (the
Krankenhaus Kloster Grafschaft, Germany), between Jan-
vary and July 1995, were assessed for recruitment to the
study. Inclusion criteria were: chronic hypercapnic venti-
latory failure (arterial carbon dioxide tension (Pa,CO,)
>6.65 kPa); stable clinical state with no hospital admis-
sion for at least 1 month prior to entry to the study, and no
recent deterioration. Exclusion criteria were: rapidly pro-
gressive neuromuscular diseases (e.g. progressive amyo-
trophic lateral sclerosis); acute respiratory failure during
the four weeks prior to the study; obstructive sleep
apnoea; acute bronchopulmonary infection; fever; haemo-
dynamic instability; severe acidosis; lack of co-operation;
and inability to walk unaided (e.g. use of a walking stick).

Thirty patients met the study criteria. All had been re-
ferred by chest-physicians and had been treated for at least
6 months with standard conservative therapy appropriate
to their condition.

Lung function tests were performed prior to NMV. Nor-
mal values for lung function data [6] were used for refer-
ence. Tidal volume (VT) and respiratory frequency (fR)
were measured with a portable pneumotachograph. Rest-
ing daytime capillary blood gases were measured from the
hyperaemic earlobe whilst breathing room air. Peak in-
spiratory mouth pressure (PLmax) and peak expiratory
mouth pressure (PE,max) were measured using a piezo-
electric pressure sensor (M. Klauke, Krankenhaus Kloster
Grafschaft, Germany) using the method of BiAKand HyArT
[7]. To reduce any learning effect, the patients practised
the pressure measurements for 2 days before the baseline
measurements were obtained. On the test days PImax and
PE,max were measured at least five times until a reproduc-
ible value was obtained and maximum values were
reported.

Breathlessness was measured using the Borg CR-10
scale at the end of a 4 min steady state exercise test at 40%
of the patients' predicted maximum work rate. Health-
related quality of life was assessed using the St George's
Respiratory Questionnaire (SGRQ) [5]. This is a self-
administered disease-specific measure that has been vali-
dated in patients with COPD. The questionnaire consists
of 50 items with 76 weighted responses divided into three
sections: Symptoms, Activity and Impacts. A Total score
is derived from all three components. A German transla-
tion was used. This had been produced by the proc-
ess of translation and back-translation using the
International Quality of Life Assessment (IQOLA)
approach [8]. The scoring for the questionnaire ranges
from zero (complete health) to 100 (worst possible). A
change in score of 4 units was considered to be clinically
significant [9].

The protocol was passed by the Institutional Ethics
Committee and written informed consent was obtained.
Pre-existing treatment, including drug therapy and long-
term oxygen, were continued unchanged throughout the
study. The patients did not receive pulmonary rehabilita-
tion or exercise training during the study. For the 7 days
before admission to the investigating hospital, the pedo-
meter was applied to the patients under the supervision of
their own physician, carer or member of the support
services. The patients were also contacted by telephone by
one of the investigators to ensure that the correct proce-
dure was being followed. The patients completed diary
cards recording the total number of movements per day
for seven consecutive days.

All patients were admitted to the investigating hospital
for a period of 10-15 days to commence NMV. Dur-
ing this time they were instructed in the use of the ventila-
tor and the interface fit. Ventilator settings were adjusted
whilst the patients were awake to obtain optimal ventila-
tion. All patients were initially ventilated via a conven-
tional nose mask. If pressure sores developed or if the
quality of ventilation worsened due to leakage from the
mask, an individual nose or combined nose-mouth mask
was made by a dental laboratory. Two ventilators were
used (EV 800, Driger, Liibeck, Germany and PLV 100;
Lifecare, Denver, CO, USA) in the volume cycled mode.
Eighteen patients were established with conventional
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nose masks (Respironics mask, Murrysville, USA, n=11;
Res-care mask, Sydney, Australia, n=7). Individual nose
masks were used in seven patients and combined nose-
mouth masks were manufactured for five patients.

The patients were re-admitted to the investigating hos-
pital for reassessment 3 months later. For the 7 days be-
fore this, the patients again recorded their movement
count using the device they had used previously. They
also recorded their daily use of NMV. Whilst in hospital
all other assessments were repeated.

Normal subjects

Twenty five healthy disease-free subjects were recruit-
ed. They recorded their activity on each of the seven
consecutive days. The healthy subjects were included to
provide a reference value of the number of steps that an
age- and sex- matched healthy population performed.

Statistical analysis

Where possible, data were summarized as the mean
(D and parametric statistics were used. In the resp-
iratory failure patients, the daily movement count was
skewed, so data were summarized as the median and inter-
quartile range (IQR) and nonparametric tests were used.
Paired comparisons of normally distributed data were
tested using paired t-tests, and nonnormally distributed
data were tested using the Mann-Whitney U-test. For each
subject, the degree of variation in the activity count over
the 7 days of recording was expressed as the coefficient of
variation, calculated as the standard deviation () of the
counts for the 7 days expressed as a proportion of the
mean count. Since multiple comparisons were made, sta-
tistical significance was accepted at p<0.01.

Results

Healthy control subjects

The mean age of the 25 healthy subjects (14 males and
11 females) was 53+14 yrs. Eighteen of them were in paid
employment. Their mean number of movements per day
(=D was 8,590 (+4,060). The number of daily movements
was not related to age (r=0.25; p>0.2), sex (p=0.5), or
whether in employment or retired (p=0.7).

COPD patients

The mean age of the 25 patients (14 males and 11
females) with COPD was 56+12 yrs. Five were in paid
employment. The mean forced expiratory volume in one
second (FEV1) was 47+9% predicted. Their arterial blood
gas values were: arterial oxygen tension (Pa,0,) 8.4+1.0
kPa; and Pa,CO, 5.8+0.4 kPa. Their mean daily movement
count was 3,781+2,320. Four weeks later their mean daily
movement count was 3,626+2,150 per day (fig. 1). This
difference was nonsignificant (paired t-test; p>0.1). The
intraclass correlation coefficient for the level of daily
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Fig. 1. — a) Box plots for the average daily movement count over 1

week. The results from the three groups of subjects are shown. Group 1:
patients with chronic respiratory failure before and three months after
starting nocturnal mechanical ventilation (NMV). The increase in steps
was significant at p<0.0001 (Mann-Whitney U-test). Group 2: patients
with chronic obstructive pulmonary disease (COPD) studied on two
occasions 4 weeks apart (COPD 1 and COPD 2, respectively). There
was no difference in mean daily movement count (p=0.1). Group 3:
healthy controls, the mean daily movement count was significantly
greater than any of the measurements obtained in the COPD and NMV
patients (p<0.0001). Values are presented as 10th, 25th, 50th (median),
75th and 90th percentile. b) Box plots for the coefficient of variation in
the daily movement count over a 1 week measurement. The coefficient
of variation was calculated for each subject with SD expressed as a per-
centage of the mean.

movement during the two periods was 0.94. The degree of
variation in daily activity, expressed as the between-day
coefficient of variation, also did not differ between assess-
ments (fig. 1). The number of movements per day was
positively correlated with the FEV1 (fig. 2), but was unre-
lated to age (r=0.19, p=0.4), sex (p=0.9) and employment
(p=0.6).

Ventilated patients

Of the 30 patients recruited to the study, five patients at
the first assessment failed to use the pedometer correctly
or provided incomplete pedometer diary cards. These fail-
ures were due to: three patients who forgot to use the
device on a daily basis; and two patients who reset the
counter on the device. The diagnoses of the remain-
ing patients were: kyphoscoliosis: seven; COPD: six;
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Fig. 2. — Correlation between average daily movement count and
forced expiratory volume in one second (FEV1) in patients with chronic
obstructive pulmonary disease (COPD). The Pearson coefficient (r)
value was 0.54 (p=0.006). The nonparametric correlation was similar
(tau=0.38, p=0.008).

Table 1. — Physiological variables of 25 patients with
chronic respiratory failure measured before admission, on
admission (pre-nocturnal mechanical ventilation (NMV)
and after 3 months of home NMV

Pre- Admission 3 months p-value
admission

Pa,0, kPa 6.5+£1.0 6.3x1.3 8.3x1.5 <0.0001
Paco, kPa 8.5+1.0 8.5+1.2 6.2+0.5 <0.0001
pH 7.35£0.05 7.34+0.04  7.40+0.04 <0.0001
FEV1 L - 0.9+0.4 1.04+0.5 0.017
FVC L - 1.4+0.7 1.6+£0.7  0.003
PI,max - 43+20 65+22  <0.0001
cmH,0
PE,max - 72429 101£35  0.0006
cmH,0
frR 1 - 25.2+4.7 19.6+4.2  <0.0001
breaths-min”
VT mL - 358154 453165  0.0002
1/ttot - 0.41+0.05 0.41£04 0.8
End-exercise - 7.4+2.3 5.9+£2.0 <0.0001
Borg score

Values are presented as mean+SD. Pa,0,: arterial oxygen ten-
sion; Pa,CO,: arterial carbon dioxide tension; FEV1i: forced
expiratory volume in one second; FVC: forced vital capacity;
Prmax: peak inspiratory mouth pressure; PE,max: peak expiratory
mouth pressure; fR: respiratory frequency; VT: tidal volume; 11/
tiot: ratio of inspiratory time to the duration of the total breathing
cycle. Blood gases are daytime measurements. Pre-admission
blood gases were measured at the referring hospital. The p-val-
ues apply to paired t-tests between measurements made on
admission and after 3 months of NMV.

post-polio scoliosis: five; post-tuberculosis (TB): three;
thoracoplasty: two; and muscular dystrophies: two. Sup-
plemental oxygen was used in six of the patients with
kyphoscoliosis, in one of the post-polio scoliosis patients,
in three of the post-TB group and in all the patients with
COPD. Three of these patients were in paid employment.

Pre-admission values for blood gases at rest whilst
breathing room air were taken by the referring chest phy-
sician 4-6 weeks before the study (table 1). This table also
contains blood gases taken on admission to the investigat-

ing hospital prior to NMV. There was no significant differ-
ence between the pre-admission gases and those obtained
on admission to hospital, indicating that the patients were
in a stable state. The patients' recorded use of NMV at
home was 6.9+1.8 h-day™!. Their weight did not change
over the 3 month period: baseline 62+18 kg, after NMV
62+17 kg; p>0.05. After 3 months of NMV, daytime
Pa,0,, Pa,CO, and pH all improved significantly (table 1).
VT rose and the fR fell. The ratio of inspiratory time to
the duration of the total breathing cycle (#I/ftot) was un-
changed. There were improvements in Plmax and PE,max,
together with small improvements in forced vital capa-
city (FVC) and FEV 1. Breathlessness for the same level of
exercise was reduced (table 1).

The number of movements per day increased sig-
nificantly (fig. 1). Pre NMV, the median number of
movements per day was 1,413 (IQR=1,870); post-NMV
median daily movements were 3,553 (IQR=2,676). The
between-day coefficient of variation for the movement
count fell from 30 (£22) to 12 (x11)%, (p=0.003), as
shown in figure 1. There were significant improvements in
the SGRQ scores (indicated by a fall in score) post-NMV:
Activity score: pre 78 (x13), post 65 (£22) (p= 0.004);
Impacts: pre 52 (£19), post 40 (£23) (p=0.013); Total: pre
60 (£13), post 49 (£19) (p=0.004). The Symptoms scores
did not change: pre 52 (+24), post 45 (£22) (p=0.14). The
improvement in the SGRQ Total score was well above the
previously established estimate of a four unit change
being clinically significant [9]. At baseline, the number of
movements per day correlated weakly with PLmax (Ken-
dal's tau=0.33, p=0.02) and Pa,CO, (tau=0.29, p=0.04). No
other correlations with baseline movement count were
found and the count was unrelated to age or sex. The
increase in daily movement following NMV correlated
with the reduction in Pa,CO, (fig. 3), but it was not corre-
lated with changes in any of the other physiological mea-
sures or quality of life scores. The improvement in move-
ment count was unrelated to the baseline level of activity
(tau=-0.21, p = 0.15), but was correlated with the baseline
Pa,CO, (tau=0.38, p=0.007). The fall in between-day vari-
ation in movement count following NMV was correlated
with the increase in daily movements (r=0.64; p=0.0006),
but not with changes in any other physiological variables.
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Fig. 3. — Correlation between increase fall in daytime arterial carbon

dioxide (Pa,C0,) and increase in daily movement count. The Pearson
coefficient (r) value was 0.53 (p=0.006). The nonparametric correlation
was similar (tau=0.41, p=0.004).
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Discussion

This study has shown that it is possible to obtain repeat-
able measurements of daily activity in patients with severe
lung disease using simple pedometers. The level of activ-
ity was least in patients with hypercapnic ventilatory fail-
ure but increased following NMV to the level observed in
nonhypercapnic COPD patients. Both groups of patients
had levels of daily movement that were much lower than
the average level recorded in age and sex matched healthy
subjects. Also, the range of daily activity was very much
greater in the normal subjects than in either group of
patients. Movement counts from some of the normal sub-
jects suggested that they had a sedentary life-style that
contained little more physical activity than some of the
patients. The level of daily activity in each group of sub-
jects was unrelated to age, sex or whether they were
retired or employed.

Whilst the difference in the level of activity between
patients and healthy subjects was large, the degree of vari-
ation in daily activity was similar in all three groups of
subjects (once the respiratory failure patients had been
treated), even though the recording period included both
week days and weekends. The variability in the patients
with hypercapnia was reduced post-NMV. This may be an
important observation since one benefit of treatment may
be to reduce the number of "bad days" experienced by
patients. It appears that these measurements may provide
information about both the quantity and the consistency of
daily activity. The number of daily movements correlated
quite well with the level of FEV1 in the patients with
COPD. The level of correlation was generally better than
that reported between walking distance and FEV1 [2, 10—
12] and comparable to correlations between peak cycle-
ergometer performance and spirometry [13, 14]. In the
patients with ventilatory failure, daily activity was corre-
lated weakly with impaired PLLmax and Pa,CO,. It appears
that daily activity, recorded in this way, is related to some
aspects of physiological dysfunction.

Of interest is the absence of any correlation between the
activity counts and the patients' breathlessness measured
during ergometer exercise, or their scores for the Activity
component of the SGRQ. The latter observation is part-
icularly noteworthy since this component of the ques-
tionnaire is known to correlate well with 6 min walking
distances and the Medical Research Council Dyspnoea
Grade [5]. We interpret these findings as evidence that the
motion detectors may be assessing a different aspect of
exercise tolerance to that measured in the laboratory or by
questionnaires. The latter techniques measure exercise
limitation either in terms of symptom-limited work capac-
ity or by recording the types of physical activity that are
not possible because of dyspnoea. In contrast, motion det-
ectors record levels of activity that patients can manage
whilst carrying out their chosen activities at a pace and
level of breathlessness that they set themselves. It appears
that information provided by motion detectors may be
complementary to that obtained using more established
methods.

This study was not designed to test the efficacy of
NMYV; however, in the patients with chronic respiratory
failure, there were improvements in a range of physiologi-
cal measures following NMV. Health status also improved
significantly, confirming recent findings in patients with

COPD receiving nocturnal pressure support [15]. The
effect of NMV on endurance tests has not been studied
systematically although walking distance tests have been
performed. The improvements seen have been small or
nonsignificant [15-17]. It was not possible to perform
such tests in this study, but it would be of considerable
interest to compare laboratory estimates of exercise toler-
ance or capacity with those obtained during unrestricted
voluntary daily activity. In the current study, the improve-
ment in blood gases was accompanied by a twofold in-
crease in the number of movements recorded per day. We
suggest that the improvement in daily movement was not
a chance finding, but was attributable to the introduction
of NMV for two reasons. Firstly, we have shown that the
repeatability of the daily movement counts in other pat-
ients with severe airways obstruction was high and show-
ed no trend for spontaneous improvement over time.
Secondly, the increase in activity in the respiratory fail-
ure patients was greatest in those with the most severe
hypercapnia and correlated with the fall in Pa,CO,. This
improvement was unrelated to the baseline level of activ-
ity suggesting that the improvement was real and not due
to "regression to the mean".

The devices used in this study are often termed "pedo-
meters", implying that they measure the number of steps
taken. In this report, however, we have been careful to
describe the counts obtained as measures of activity since
the device detects vertical motion not movement of the
legs. It was not the purpose of this study to calculate the
level of patients' activity in absolute units such as distance
worked, speed of walking or energy consumed. Our
objective was to test the feasibility of using these devices
in a clinical research setting. It is reasonable to assume
that most of the vertical movements counted by the device
were related to walking since it was worn at the waist
whilst the subject was dressed, and the effects of extrane-
ous factors such as vibration from riding in vehicles were
excluded. It is not possible from this study to convert the
number of movements recorded into distance walked
since this would have depended on an individual's stride
length. To quantify the distance covered or work per-
formed, calibration would be required for each individual,
but even then it cannot be assumed that stride lengths and
movement patterns obtained in the exercise laboratory
will correspond to those used in normal daily life. These
considerations reflect the difficulty in identifying a "gold
standard" measure of actual (as opposed to reported) daily
activity against which to test the accuracy and reliability
of these devices. Indeed, no such measure exists.

More research is required in this area and further stud-
ies of the impact of treatment for chronic respiratory dis-
ease on daily physical activity are needed. Sophisticated
computerized actigraphs and accelerometers are now av-
ailable for assessing temporal and spatial movement
parameters [18, 19], but, they are expensive. Large scale
studies require simple and cheap devices. This study has
shown that such instruments may be sufficiently reliable
and sensitive to register changes in physical activity fol-
lowing therapy.
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