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Muscle weakness is related to utilization of health
care resources in COPD patients
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ABSTRACT: The factors determining utilization of health care resources in pati-
ents with chronic obstructive pulmonary disease (COPD) are poorly understood.
In order to obtain insight into these factors, we studied the utilization of health
care resources in 57 stable COPD patients with a forced expiratory volume in one
second (FEV1) of 36£9% predicted.

Patients were divided into two groups: admitted at least twice in the last year
(high medical consumption; n=23) or not admitted in the last year (low medical
consumption; n=34). Other variables related to utilization of health care resources
studied were: the number of hospital days; the number of out-patient visits to a
pulmonary department in the last year; and the average daily dose (ADD) of cor-
ticosteroids taken in the last 6 months. The actual cost of utilization of health care
resources, however, was not studied. In addition, pulmonary function, serum elec-
trolytes, blood gas values, 6 min walking distance, respiratory and peripheral mus-
cle force, and appraisal of self-care agency (ASA score) were studied.

Pulmonary function, serum electrolytes, blood gas values, ASA score and walk-
ing distance were not different between the two groups (e.g. FEV1 3618 vs 3610 %
pred). Respiratory muscle forces tended to be lower in the high medical con-
sumption group, this tendency almost reaching statistical significance for maximal
expiratory pressure (PE,max) (p=0.08). Peripheral muscle force, however, was clear-
ly reduced in the high medical consumption group (quadriceps force 63+20 vs
82126 % pred; p<0.05). The number of admissions, the number of hospital days,
the number of out-patient visits, and ADD were interrelated and also related to
ventilatory and peripheral muscle force (r -0.18 to -0.38). This relationship was
statistically significant for PE,max, whilst a similar tendency was present for maxi-
mal inspiratory pressure (PLmax). In stepwise multiple regression analysis, only
quadriceps force was a significant determinant of utilization of health care ser-
vices.

We conclude that utilization of health care services in patients with chronic
obstructive pulmonary disease is related to ventilatory and peripheral muscle force.
Whether or not reduced muscle force is simply an expression of disease severity
remains to be determined.
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tion, important in patients with chronic obstructive pul-
monary disease (COPD). In the USA, the cost of medical
care for COPD was 4.55 billion dollars in 1972, 19 bil-
lion dollars in 1979, and 27 billion dollars in 1982 [1].
The factors determining medical consumption in these
patients remain poorly understood. Although it is intu-
itively likely that utilization of health care resources is
related to disease severity, to the best of our knowledge
no direct evidence for such a relationship is present. In
addition, one study suggested that drugs are frequently
misused in COPD patients [2], and therefore health care
services in general may also be misused.

It is generally claimed that pulmonary rehabilitation
affects the utilization of health resources. Indeed, seve-
ral studies have suggested that pulmonary rehabilitation

programmes may reduce the use of health care resources
[1]. None of these studies had a randomized controlled
design, and the conclusions, therefore, remain prelimi-
nary. In addition, one study has suggested that an educa-
tion programme may substantially reduce the utilization
of health care resources by COPD patients [3], although
other studies have suggested that education programmes
only affect health-related knowledge without affecting
health status, as such [4-6].

If better control of the utilization of health resourc-
es in COPD patients is required, then insight into the fac-
tors determining it is the first requirement necessary. The
present study was, therefore, designed to examine the re-
lationship between the utilization of health care resour-
ces and functional variables, and thus to examine whether
functional variables are determinants of use of health
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care services in COPD patients. We observed a rela-
tionship between the utilization of health care resources
and ventilatory and peripheral muscle weakness. Whether
this relationship is a direct or causative one, or the result
of an apparent relationship with disease severity needs
to be further examined.

Methods

Fifty seven male patients with stable COPD, seen in
our out-patient clinic over a 6 month period were ad-
mitted to the study. They all had a forced expiratory
volume in one second (FEV1) ranging approximately
20—40% predicted. They were divided into a high and
low use of health care resources group on the basis of
the number of admissions in the last year. For simpli-
city, we will refer to the use of health care resources as
medical consumption. They were admitted at least twice
in the last year (high medical consumption; n=23), or were
not admitted in the last year (low medical consumption;
n=34). Patients admitted only once in the last year were
not studied. They underwent pulmonary function tests,
tests of peripheral and ventilatory muscle function, a 6
min walking distance and a questionnaire used to con-
struct an appraisal of self care agency score [7, 8].

Utilization of health care resources

Four variables related to the use of health care resour-
ces were used in the present study: the number of hos-
pital admissions in the last year; the total number of
days spent in hospital in the last year, obtained by add-
ing all days in hospital during various admissions; the
number of out-patient visits with a pulmonary special-
ist in the last year, and the average daily dose (ADD)
of corticosteroids taken in the last 6 months. Twenty
eight of the 57 patients were treated with systemic cor-
ticosteroids. Most of these patients were treated with
repetitive bursts of steroid treatment at the time of exac-
erbations. All patients were treated with methylpred-
nisolone. Of these 28 patients, six came from the low
medical consumption group and 22 from the high med-
ical consumption group. The ADD in the last 6 months
was calculated by adding all doses of corticosteroids
and dividing by the number of days in 6 months [9]. The
total cost of health care was not analysed. All admis-
sions were due to an exacerbation of respiratory disease
and not to concomitant disease. Half of the exacerba-
tions were due to documented infection, and the other
half to enhanced bronchospasm. Infection was diagno-
sed on the basis of history of coloured sputum, leucocy-
tosis, positive sputum stain on admission, or radiographic
signs of infection.

Pulmonary function tests

All patients underwent spirometry, with determination
of FEV1 and vital capacity (VC). Functional residual
capacity (FRC) was measured with a constant volume
plethysmograph (Medical Graphics Inc, ST. Paul, MN,

USA). Spirometry was performed using the pneumo-
tachograph of this plethysmograph (Medical Graphics
Inc.), according to American Thoracic Society (ATS)
recommendations, using the tracing yielding the great-
est sum of VC and FEV1 [10]. The values obtained were
related to the normal values published by QUANJER et
al. [11]. Transfer factor of the lungs for carbon mono-
xide (TL,cO) was measured with the single-breath car-
bon monoxide diffusion method [12], and related to the
normal values given by CortEs ef al. [13]. Six minute
walking distance was measured as the distance that
could be run or walked in 6 min. A standardized trail
was used in a corridor. Each test was performed three
times. Encouragement was standardized [14]. Dyspnoea
at rest was measured using a visual analogue score (VAS)
[15], while exercise dyspnoea was measured with a mod-
ified Borg score [16]. With the VAS, dyspnoea was ex-
pressed in mm, ranging 0—10 mm. With the Borg score,
a number from O to 10 was obtained, corresponding to
the severity of dyspnoea statement judged appropriate
by the patient.

Respiratory muscle force

All patients underwent determination of maximal in-
spiratory pressure (PImax) and maximal expiratory pres-
sure (PE,max). These pressures were measured according
to a modification of the method of BrLack and HyAtrT
[17]. The modification consisted in the use of an electro-
nic transducer instead of an aneroid manometer. PI,max
was measured near residual volume (RV), while PE,max
was measured near total lung capacity (TLC). The values
measured were related to the normal values of ROCHESTER
and Arora [18].

Serum electrolytes

In 23 patients from the low medical consumption group
and in 20 patients from the high medical consumption
group, serum electrolytes were determined using an auto-
mated analysis system (Hitachi 911-4, Japan). The elec-
trolytes included: sodium, potassium, chloride, calcium
and phosphorus.

Blood gas values

In 19 patients from the high medical consumption
group and in 12 patients from the low medical consump-
tion group, blood gas values were determined using an
automated Corning System (Corning Medical Instru-
ments, Medfield, MA, USA). Three patients from the low
medical consumption group and one patient from the
high medical consumption group were on chronic oxy-
gen therapy.

Quadriceps force

Quadriceps force (QF) was measured using a Cybex
II dynamometer (Lumex Corp., Bay Shore, NY, USA).
Peak torque was measured at the dominant side, during
a maximal knee extension manoeuvre with the hip in
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90° flexion and the knee in 60° flexion. Values obtained
were related to normal values developed in our labora-
tory, by testing normal subjects. These normal values
take age, gender and body weight into account. The pre-
diction formula is QF (in Nm) = -2.21 x age + 55.9 x gen-
der (female = 0, male = 1) + 1.78 x body weight + 124,
with a residual standard deviation (RSD) of 37.1 Nm.
Reproducibility was assessed by testing 10 normal sub-
jects on two nonconsecutive days. Reproducibility was
good, with a difference between test and retest of 8.6%,
and a repeatability coefficient of 43 Nm.

Appraisal of self-care agency

Self-care capacity was estimated using the appraisal
of self-care agency (ASA) scale [7, 8]. The instrument
used measures the capability of a patient to investigate
his condition, to decide what action to take, and to per-
form technical procedures of self-care [19]. This inclu-
des active participation in treatment and decisions about
medical consumption. A self-completed instrument was
used in the present study. The Likert type scale had five
response categories. They ranged from total disagree-
ment to total agreement, with numbers increasing from
one to five. The scores on 24 items were added into an
unweighted total score. Theoretical range of scores is
24-120. High scores indicate more self-care capacity.
Internal consistency of the Dutch translation of the scale
ranges 0.75-0.80. Test-retest reliability was 0.72.

Statistics

Statistical analysis was performed on the data obtain-
ed in the two subsets of patients, using unpaired t-tests.
A p-value less than <0.05 was considered to be statis-
tically significant. Correlation coefficients among dif-
ferent functional variables, ASA score, and variables
related to utilization of health care resources were cal-
culated. For the variables related to utilization of health
care resources, a stepwise multiple regression analysis
was performed using medical consumption as a depen-
dent variable. Variables used in the model included: FEV1,
PLmax, PE,max, QF and ASA score. Only variables con-
tributing significantly were retained in the final analy-
sis.

Results

Utilization of health care resources

Data on utilization of health care resources are sum-
marized in table 1. Patients in the high medical con-
sumption group had been admitted on average 2.3+0.5
times in the last year, whereas patients in the low med-
ical consumption group had not been admitted in the
last year. The number of days spent in hospital was con-
sequently clearly different (30£16 vs 0 days). The num-
ber of out-patient visits was also different between the
two groups (4.4+2.4 vs 2.7+1.5 visits). The average
daily dose of steroids taken in the last 6 months was

Table 1. — Variables related to utilization of health care
resources

High medical Low medical

consumption consumption
group group
Patients n 23 34
Admissions n 2.3+0.5 0
Hospital days n 30x16 0
Out-patient visits n 44124 2.7£1.5
ADD mg 4.6£3.2 0.5+1.2

ADD: average daily dose of steroids taken in the last 6
months, expressed in methylprednisolone equivalents.

clearly greater in the high medical consumption group
(4.6£3.2 vs 0.5+1.2 mg-day!). It is of interest to note
that the various measures of medical consumption were
interrelated. The number of hospital days correlated
with the number of admissions (r=0.86; p<0.001), while
the number of out-patient visits correlated both with the
number of admissions (r=0.48; p<0.001) and the num-
ber of hospital days (r=0.32; p<0.05). ADD was relat-
ed to all three other measures of medical consumption
(r 0.28-0.69; p<0.05-<0.001).

Anthropometric and pulmonary function data

Anthropometric and pulmonary function data of the
patients are summarized in table 2. As can be seen,
FEV1, TL,co and FRC were not significantly different
between the two groups. Although 6 min walking dis-
tance tended to be higher in the low medical consump-
tion group, the difference was not statistically significant.

Table 2. — Anthropometric data, pulmonary function
data and muscle forces

High medical Low medical

consumption consumption
group group
Age yrs 6319 6519
Height cm 16848 1727
Weight kg 67£11 69+12
BMI  kg:m? 24+4 2414
FEVI L 1.04£0.2 1.08+0.4
% pred 368 36x10
FRC % pred 155+37 171+£34
TLcoO % pred 63121 65+30
6MWD m 358+123 399+126
Dyspnoea score (Borg) 4.6£1.5 3.8%2.4
Plmax % pred 64125 7325
PEmax % pred 70+24 84431+
QF % pred 66129 83+25%
ASA score 85+10 89+10

BMI: body mass index; FEV1: forced expiratory volume in
one second; % pred: percentage of predicted value; FRC:
functional residual capacity; TL,CO: transfer factor of the lungs
for carbon monoxide; 6MWD: 6 min walking distance; Plmax:
maximal inspiratory pressure; PE.max: maximal expiratory
pressure; QF: quadriceps force; ASA: appraisal of self-care
agency. *: p<0.05; +: p<0.10, compared to high medical con-
sumption group.
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Table 3. — Relationship between utilization of health care resources and functional vari-
ables in single regression analysis
FEV1 Plmax PE. max QF 6MWD ASA
% % % % m score
Admissions n NS NS -0.30* -0.33%* NS NS
Hospital days n NS NS -0.26* -0.36* NS NS
Out-patient visits n NS -0.26* -0.26* -0.38%* NS NS
ADD score NS NS NS -0.36* NS NS

Regression values are presented. For definitions see legend to tables 1 and 2. *: p<0.05; *+: p=0.06.

Dyspnoea score measured with the Borg score and the
VAS was not significantly different between the two
groups.

Serum electrolytes and blood gas values

Serum electrolytes were not significantly different bet-
ween the two groups. Moreover, blood gas tensions were
also similar between the two groups. Arterial oxygen
tension (Pa,0,) averaged 9.5+2.0 kPa (71x15 mmHg)
in the high medical consumption group, and 9.3£0.9 kPa
(70£7 mmHg) in the low medical consumption group.

Muscle forces

Muscle forces are also summarized in table 2. As can
been seen both for PLmax and PE,max, a tendency for a
difference was present, almost reaching statistical sig-
nificance for PEmax (p=0.08). A clear difference was
present for QF between the two groups (p<0.05). PLmax
and PE.max were not significantly related to FEV1 (r=0.14
and r=0.15, respectively), while PImax was significan-
tly related to TL,CO (r=0.34; p<0.05). QF was related to
FEV1 (r=0.33; p<0.05), but not to FRC or TL,CO.

Appraisal of self-care agency

Global ASA was low in COPD patients in the present
study, with no clear difference between the high and the
low medical consumption group (85+10 vs 89+10; Ns)
(table 2).

Determinants of medical consumption

In single regression analysis, few variables appeared
to be related to medical consumption. These included:
P1max, PE;max and QF. Variables related to medical con-
sumption were clearly interrelated (see above). Table 3
summarizes the relationship between variables related
to medical consumption and functional variables. Only
PEmax and QF were significantly related to medical
consumption, whilst a tendency (p=0.06) was present
for Pl,max.

In stepwise multiple regression analysis, the only de-
terminant of the variables related to medical consump-
tion in the present study appeared to be QF. QF was a
significant determinant of the number of hospital days,

Table 4. — Results of stepwise multiple regression
analysis for utilization of health care resources

QF (as % pred)
r

Admissions n 0.32+
Hospital days n 0.35%
Out-patient visits n 0.37%*
ADD score 0.36*

The regression coefficient (r) is the partial r from the multi-
ple regression analysis. No other variables contributed sig-
nificantly to medical consumption. For definitions see legends
to tables 1 and 2. *: p<0.05; *: p=0.06.

the number of out-patient visits, and ADD, whilst a sim-
ilar tendency was present for the number of admissions
(p=0.06). Table 4 summarizes the results of stepwise
multiple regression analysis.

Discussion

The present study clearly demonstrated that: 1) it was
possible to identify a group of COPD patients with high
and low utilization of health care resources, respecti-
vely; 2) pulmonary function, simple walking tests and
ASA score were not different between the group of
patients with high and those with low medical consump-
tion; 3) ventilatory muscle weakness and, more marked-
ly, peripheral muscle weakness were associated with high
medical consumption; 4) peripheral muscle weakness,
ADD and medical consumption were interrelated.

At first sight, the present results appear at variance
with the studies from VEsTBo and RAasmusseN [20], and
StrAUSs [21]. Both these studies found a relationship
between FEV1 and probability and duration of hospital
stay in COPD patients. It should be stressed that, unlike
the present study, both studies comprise a wide range
of patients, even including normal subjects without
complaints. The present study represents a much narrower
sample of COPD patients, all with an FEV1 approxi-
mately 20—40% pred. In the setting of the present study,
with a group of patients who all had similar FEV1, other
potential determinants of medical consumption were
identified.

Surprisingly, self-care agency did not appear to be
related to utilization of health care resources. Several
studies have shown that depression is prevalent in COPD
patients [22-25]. In addition, although disputed by oth-
ers [26], several studies found depression to be related
to functional status in COPD patients [22-24]. On this
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basis, a relationship between depression and medical
consumption might have been expected. The prevalence
and severity of depression, however, were not estimated
in the present study. The relationship between depres-
sion and functional variables, thus, remains to be elu-
cidated.

Several limitations may be present concerning the
measures of medical consumption and the ASA score
used in the current study. The measures of medical con-
sumption do not provide a direct estimate of the cost of
medical care for COPD patients. COPD patients in this
study appraised their self-care capabilities as relatively
low, both in the high and the low medical consumption
group. Mean scores of 85 and 89 were comparable with
those of hospitalized patients undergoing coronary by-
pass surgery [7], or hospitalized psychiatric patients. Heal-
thy elderly individuals living independently at home score
clearly better (ASA of about 100). By way of contrast,
nursing home patients score below 80 [8]. Patients with
low ASA scores tend to use more passive coping strate-
gies (G. Evers, unpublished observations).

Lack of or diminished active participation in deci-
sion-making about treatment may explain why capabil-
ities for self-care did not appear to influence decisions
about frequency of out-patient visits or frequency and
length of hospitalization. Thus, many of these COPD
patients appeared to fit well into the classic role of the
passive patient. There is evidence, however, that deci-
sions related to hospitalization may be influenced by
patients' self care capabilities [8]. The variation in mean
ASA scores of subgroups in the latter study was greater
than in the present study. Whether or not diminished
active participation in decision-making about treatment
results from disease severity, patient role expectation
from the physician or poor patient-physician communi-
cation remains to be elucidated. No relationship could
be demonstrated between pulmonary function or mus-
cle force and ASA score, respectively, nor between ASA
score and utilization of health care resources. Thus, the
results of the present study do not support the concept
of disease severity being the most obvious single expla-
nation for utilization of health care resources.

Interestingly, medical consumption appeared to be
related to muscle weakness and to steroids taken in the
last 6 months. We have previously described relation-
ships between muscle forces and steroids taken in the
last 6 months, in COPD patients [9]. The relationship
between measures of medical consumption and ADD is
not surprising, since steroid treatment is a form of med-
ical consumption. It should be emphasized that the rela-
tionships observed are relatively weak, and, therefore,
that conclusions must be drawn from the present study
with caution. The weak correlations are not surprising
in view of the fact that other factors are also likely to
determine medical consumption, and that the measure-
ment of muscle strength usually has important interindi-
vidual variability [27, 28]. Psychosocial factors may
also be related to the utilization of health care resources.

The relationship between muscle weakness and med-
ical consumption is not readily explained. Several pot-
ential mechanistic explanations may be advanced. Firstly,
muscle weakness and medical consumption could both
be the expression of more severe disease. Although this
is certainly a potentially valid explanation, there was no

obvious relationship between muscle weakness, medi-
cal consumption and severity of disease in the present
study. Indeed, FEV1 is usually considered to be a good
estimate of severity of disease in COPD patients [29,
30]. In the present study, FEV1 was the same in the
high and low medical consumption group (table 2), and
it was not related to medical consumption (table 3).
Other potential measures of disease severity, such as
transfer factor and FRC, were also similar between the
two groups. Moreover, no relationship between pul-
monary function and ventilatory muscle weakness was
present, except for a relationship between 7L,CO and
Prmax, although FEV1 was related to peripheral muscle
force. Nevertheless, the fact that patients in the high
medical consumption group frequently had documen-
ted exacerbations may be interpreted as more severe
disease. In addition, other factors may also determine
disease severity in COPD patients, including: blood gas
values at rest [31], pulmonary hypertension [32], and
exercise capacity [29]. These factors were not measured
in the present study.

Secondly, muscle weakness may be associated with
enhanced complaints, which then promote admission to
hospital. If dyspnoea is a primary reason for hospital
admission in COPD patients, then ventilatory muscle
weakness may enhance the sensation of dyspnoea [33].
Peripheral muscle weakness may enhance complaints of
muscle weakness and fatigue. Although in the present
data peripheral muscle weakness seems more tightly
linked to medical consumption than ventilatory muscle
weakness, similar tendencies are present with ventila-
tory muscle weakness as well.

Thirdly, ventilatory and peripheral muscle weakness
may also be the consequence of medical consumption.
Indeed, patients admitted to hospital are more readily
treated with corticosteroids, and this treatment may
cause muscle weakness in COPD patients [9, 34, 35].
There is no doubt that the relationship between steroid
treatment and muscle weakness may be causal. Indeed,
numerous animal studies have demonstrated a causal
relationship between steroid treatment and muscle weak-
ness [34, 36]. Following this hypothesis, enhanced
complaints would lead both to hospital admission and
steroid treatment, with consequent muscle weakness. In
the present study, a relationship between the utiliza-
tion of health care resources and steroid treatment was
clearly documented. However, the factor that primarily
triggers a greater utilization of health care resources re-
mains obscure. Psychosocial variables, such as depres-
sion could be primarily related to medical consumption.
The relationship between psychosocial function and med-
ical consumption in COPD patients remains to be stud-
ied critically. Muscle weakness may also result from a
number of other factors, including reduced activity and
deconditioning, and long-lasting disease.

The hypotheses formulated above may all be valid,
and need testing in well designed prospective studies.
Nevertheless, if steroid treatment, muscle weakness and
utilization of health care resources were to be related in
a causal sequence, it would be of utmost importance to
routine management of COPD patients. Indeed, it would
then be likely that steroid treatment would be harmful
for the average patient, not only causing complaints and
muscle weakness, but also enhancing utilization of
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health care resources. In this context, it is significant to
note that the benefit of steroid treatment to COPD patients
is not always obvious [37-39]. A comprehensive dis-
cussion of the usefulness of steroid treatment in COPD
patients, however, is clearly beyond the scope of the pre-
sent paper. The primary triggers of steroid treatment in
clinical practice also require critical study.

Conversely, improving functional status and muscle
weakness by pulmonary rehabilitation, with special atten-
tion to muscle function [40, 41], might be of consider-
able benefit to COPD patients. Following this reasoning,
rehabilitative measures would not only lead to an improv-
ed exercise tolerance and improved functional status, but
also to reductions in the utilization of health care resources.

Evidence suggesting this effect is available [1]. A pros-
pective randomized trial on the effects of rehabilitation
in COPD patients appears necessary to provide a defi-
nite answer to this question.

In conclusion, the difference between a group of chro-
nic obstructive pulmonary disease patients with high
and low utilization of health care resources appeared to
be the presence of muscle weakness in the high med-
ical consumption group. Muscle weakness and steroid
treatment correlated with variables related to utilization
of health care resources. Whether this relationship is the
cause of medical consumption or the consequence of it
requires further prospective and well-designed study.
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