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Introduction: COPD presents with an array of extra-pulmonary symptoms of which skeletal
muscle dysfunction, particularly of the quadriceps, is well recognized. This contributes to
impaired quality of life and increased health care utilization. Work on the quadriceps originated
from the observation that a good proportion of COPD patients stop exercise due to the feeling
of leg fatigue rather than breathlessness. This study was carried out with the aim of finding
the prevalence of quadriceps weakness in a population set and correlate it with severity of
COPD.

Methodology: This cross-sectional study was conducted in 75 subjects suffering from COPD
aged 45 years or above. COPD severity in the subjects was graded based on the GOLD staging
system. A digital hand held dynamometer (HHD) was used to measure quadriceps muscle
strength. Descriptive statistics were done, and Pearson’s Correlation Coefficient and ANOVA
analysis was used for expressing the results.

Results: Ninety two percent of subjects were suffering from quadriceps muscle weakness.
Quadriceps weakness was present in significantly high proportions even in those suffering from
mild disease and belonging to a younger age group. The mean quadriceps muscle force value
decreased with disease severity and this relation was found to be significant (P<<0.01).
Conclusion: Majority of the COPD patients were found to be suffering from quadriceps weak-
ness, which was also present in significant proportions in subjects belonging to younger age
groups and suffering from mild disease. These findings indicate that onset of muscle weakness
in COPD may precede the onset of symptoms. These findings suggest need for early remedial
measure to prevent occurrence of associated systemic diseases.

Keywords: COPD, GOLD staging, Quadriceps muscle strength, hand-held dynamometer,
skeletal muscle dysfunction, spirometry, FEV , FVC

Introduction

Chronic obstructive pulmonary disease (COPD) affects various structural and functional
domains in the lungs. It also has significant extrapulmonary effects, the so-called sys-
temic effects of COPD. Nutritional abnormalities, weight loss, and skeletal muscle
dysfunction are well-recognized systemic effects of COPD. Other less well-known
but potentially important systemic effects include an increased risk of cardiovascular
disease and severe neurological and skeletal defects.! The skeletal muscles provide
the mechanical basis for respiration and movement and their dysfunction significantly
influences symptoms, functional capacity, increased utilization of health care facilities,
quality of life, and even mortality.>” Skeletal muscle dysfunction, particularly of the
quadriceps, is well recognized in COPD. Much work on the quadriceps originated
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from the observation that, despite the severe abnormalities
in respiratory mechanics, a good proportion of patients with
COPD stop exercise due to the subjective feeling of leg
fatigue rather than breathlessness.°

The magnitude of quadriceps weakness has been related
to disease severity in a previous study,’ but there is a wide
variation for a given forced expiratory volume in 1 second
(FEV,). Many theories have been hypothesized for this. The
theory of inactivity is favored by the preferential involvement
of lower limb muscle (generally less active in COPD) over
upper limb muscle,”® as well as sparing of the diaphragm,’
which shows increased activity. This argument is further
supported by the observation that exercise training'® and
possibly externally applied nerve stimulation'' can reverse
disease-induced changes in the muscle. COPD patients have
also been documented to adopt a more sedentary lifestyle
due to major limiting symptoms such as breathlessness, and
usually have a lower level of physical activity than the recom-
mended international guidelines for maintenance of physical
health.'? Physical activity and steps per day were found to be
reduced among COPD patients, even in those with less severe
disease, as demonstrated by Watz et al.'® This inactivity can
often precipitate a “downward spiral of disease”. Physical
inactivity due to breathlessness leads to muscle decondition-
ing and a shift toward anaerobic metabolism. This leads to
accumulation of lactate and carbon dioxide, which stimulates
ventilation, hence worsening breathlessness.!* The loss in
muscle mass observed in COPD patients with advancing
airway obstruction and increased physical inactivity cor-
relates with the reduced muscle force,'* thus supporting the
etiological role of physical inactivity in the development of
skeletal muscle dysfunction in such patients.

Another explanation is that muscle wasting is the result
of a systemic inflammatory response. This hypothesis is sup-
ported by data showing that patients who fail to gain weight
during a refeeding program have high levels of soluble tumor
necrosis factor (TNF) receptor 55.'° In addition, skeletal
muscle mass in COPD is inversely related to circulating
levels of interleukin (IL)-6 and TNF-o..!” Against this back-
ground, Spruit et al'® presented data indicating that recurrent
exacerbations result in stepwise impairment of muscle func-
tion. Increased levels of proinflammatory cytokines and acute
phase proteins, which have been postulated either to originate
from the respiratory muscles or the peripheral lung, have been
noted in COPD patients. These elevated values are thought to
represent low-grade systemic inflammation. Elevated levels
of IL-6 and TNF-o have been found to be associated with
quadriceps wasting in COPD" and reduced lean body mass

(owing to increased activation of the ubiquitin proteosome
pathway and apoptosis in the presence of low-grade systemic
inflammation).?® Elevated levels of IL-8 have been associ-
ated with episodes of COPD exacerbation; however, many
recent studies have been unable to show increased levels of
proinflammatory cytokines in COPD patients in quadriceps
biopsy findings,'”*'"?3 and thus more research is required to
determine the contribution of local inflammation to muscle
dysfunction. Proximal myopathy is also a well-known con-
sequence of corticosteroid therapy.*

The review by Donaldson et al*® summarized the clini-
cal and laboratory findings in the respiratory and peripheral
skeletal muscles (the diaphragm and quadriceps in particu-
lar) in COPD patients and the current understanding behind
the etiological process. Their review observed a 20%—30%
reduction of isometric quadriceps strength in COPD patients
when compared with healthy controls matched for age and
sex, in addition to increased susceptibility to fatigue. The
relative loss of fatigue-resistant type I fibers in addition to
concurrent structural changes, including reduction in capil-
lary density and capillary muscle fiber contacts, largely
explained the reduced quadriceps endurance.®?* COPD
samples in addition also showed reduced aerobic enzyme
activity, leading to a greater dependence on glycolysis and
early lactate accumulation during exercise, thus limiting
activity .23

Skeletal muscle dysfunction is a known feature of
severe or end-stage disease and there is a direct relation-
ship between these two parameters. However, the literature
in regard to the relationship between muscle function and
severity of COPD is highly unequivocal. Recent data indi-
cate the presence of muscle dysfunction even in the early
stages of COPD. Bernard et al” demonstrated a significant
relationship between quadriceps strength and FEV | percent-
age of predicted value, with an increase in prevalence of
quadriceps weakness with increasing Global Initiative for
Chronic Obstructive Lung Disease (GOLD) stage. Seymour
et al*® demonstrated quadriceps weakness in approximately
one third of COPD patients. They also reported the existence
of quadriceps weakness in the absence of severe airflow
obstruction or breathlessness, since a significant propor-
tion of patients in GOLD stages 1 and 2 had quadriceps
weakness and these values increased in GOLD stage 3 and
4 patients.

A study carried out by Cornell*® et al showed similar
results. Impaired skeletal muscle endurance was found to
be present even in patients with mild-to-moderate airflow
obstruction and individuals with relatively normal physical
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activity. Notably, this finding was irrespective of lung
function variables, anthropometric data, or quadriceps
strength.

Multiple studies exploring the possibility of genetic
predisposition to the loss of muscle mass or strength with
respect to the long term effects of physical inactivity have
been carried out. It was found that the deletion rather than
the insertion polymorphic variant of the angiotensin-con-
verting enzyme gene is associated with preserved quadriceps
strength in COPD.* This was associated with higher tissue
angiotensin-converting enzyme and angiotensin Il activity
and lower bradykinin levels, which has the potential to affect
muscle growth.

An imbalance between anabolic and catabolic hormones
in COPD patients may also play a role in muscle dysfunc-
tion. Reduced levels of circulating anabolic hormones, such
as insulin-like growth factor-1 and testosterone, have been
reported in COPD patients.” However, this relationship
has been poorly studied and is thus inconclusive. Proximal
myopathy is also a well-known consequence of corticosteroid
therapy,? and the Leuven group has stressed the importance
of steroid myopathy in COPD.*

Skeletal muscle dysfunction in COPD can thus be
attributed to a myriad of factors. The findings of Kim et al*’
further acknowledge the role of multiple factors, including
the presence of a low-grade systemic inflammatory process,
nutritional depletion, corticosteroid medication, chronic
inactivity, protein degradation, and changes in vascular
density. Skeletal dysfunction in COPD patients thus has a
multifactorial etiological basis. Measurement of quadriceps
strength in an appropriate and standardized manner in both
the clinical and research settings is of utmost importance to
obtain valid and reliable results.

The data on prevalence of quadriceps weakness among
COPD patients, though prevalent throughout the world, is
scarce in India. Therefore, the present study was done with
the aim to estimate the prevalence of quadriceps weakness
in COPD among patients visiting a tertiary care hospital in
South India and to correlate quadriceps muscle weakness, if
present, with severity of disease.

Materials and methods

This cross-sectional study was conducted on an outpatient
basis in the Department of Pulmonary Medicine in collabora-
tion with the Department of Physiotherapy. Prior approval
from the institutional ethics committee was obtained before
commencement of the study. The patients were selected
based on the criteria stated in Table 1.4

Table | Selection criteria for the study population

Inclusion criteria Exclusion criteria

Age 45 years or above, Comorbid chronic lung disease,
of either sex
COPD diagnosed by GOLD

criteria

such as bronchiectasis or lung abscess
Concomitant tuberculosis
Concomitant asthma, as diagnosed

by GINA guidelines*

Concomitant diabetes

Provision of consent and
willingness to participate
Myopathy of any other kind

Abbreviations: COPD, chronic obstructive pulmonary disease; GINA, Global
Initiative for Asthma; GOLD, Global Initiative for Chronic Obstructive Lung
Disease.

A sample size of 75 was calculated. Eligible patients were
recruited into the study. A written informed consent was
obtained before doing any study-related activity/procedure.
The study power was calculated at 90%. The following
formula was used.

Z+7Z )
n=Gth) s (1)
CZ

where Z =1.96 at 95% confidence limit, Z =1.28 at 90%
power, assumes a 50% correlation (r=0.5).

(1+7)
(1-7)

C=0.5x1In

)

Height, weight, and age were recorded before com-
mencement of testing. Each subject was required to sit on
a high sitting chair; with back supported and feet off the
floor. The segmental length of the dominant lower leg was
measured from the medial joint line to the medial malleolus
using a standard measuring tape. With the knee in 90 degrees
flexion, the plate of a push pull hand-held dynamometer
(HHD) was placed at 85% of the segmental length on the
anterior surface of the leg, perpendicular to the long axis of
the tibia. The subject was then asked to generate a maximal
knee extension force by pushing against the dynamometer
plate, and to hold the same for a duration of 5 seconds. The
maximum force generated was recorded in kilograms. Two
more trials were given following the same procedure, with
a rest interval of 30 seconds between attempts. The best
of three values was documented as the maximal isometric
force generated.

The HHD was developed to aid therapists in clinics
and to overcome the limitations of manual muscle testing
methods. The HHD offers the advantage of being small and
portable. These devices measure muscle strength objectively
in kilograms, pounds, and newtons.* In a single test, they
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can assess the strength of a patient at only one joint angle,
rather than through the patient’s entire range of motion.
This technique, while providing for clinical quantification
of joint strength at a fixed position (isometric), cannot assess
dynamic muscle performance.* Isokinetic dynamometers,
such as the Biodex, are considered the gold standard for
simultaneous strength and angle measurements in evalua-
tion of dynamic muscle performance. They offer the advan-
tage of determining various strength profiles, showing
instantaneous torque versus joint angle and a number of
properties such as dynamic peak torque, peak torque angle,
angle specific torque, power, and energy.* However, the
size and cost of these devices make them impractical for
routine clinical examinations. Comparison studies between
the two instruments, as carried out by Martin et al** show
that the HHD offers a feasible, inexpensive, and portable
test of quadriceps muscle strength for use in the elderly.
It is found to underestimate the absolute quadriceps strength
compared with the Biodex in stronger people, but is a
useful tool for ranking muscle strength of older people in
epidemiological studies. It is also a valuable tool for rapid
and objective assessment of physical function in the clini-
cal setting.

Since there was no published literature available that
documented normative values for quadriceps muscle strength
in the normal Indian population, the values for quadriceps
strength obtained in a study using similar methods* done in
a healthy elderly Indian population of North India was used
as a reference to categorize our sample and check for the
proportion of weakness among them.

The severity of disease was assessed using the GOLD
staging system, which classifies people with COPD based
on their degree of airflow limitation (obstruction).*® The
airflow limitation was measured during pulmonary function
tests. Severity was established as per the GOLD criteria.
Pulmonary function testing was carried out as per American
Thoracic Society guidelines.”” Descriptive statistics were
done using Pearson’s correlation coefficient and analysis of
variance was used to express the results.

Results

Of the 75 COPD patients who took part in the study, 59
(78.6%) were male and 16 (21.4%) were female. The major-
ity (58.6%) of the participants were aged 60—75 years. Their
overall mean age was 67.8 years, with the average age of the
female participants (70.7 years) being higher than that of the
male participants (67.0 years; P=0.150). The overall average
height was 1.60 m. In general, the male participants tended

to be taller (mean 1.62 m) as compared with the female
participants (mean 1.50 m).

The overall mean body weight and body mass index
(BMI) was 57.4 kg and 22.3 kg/m? with males having a
higher mean in both categories. As expected, the right limb
was dominant in 93.3% of the participants. The majority
(30.7%) of the participants suffered from severe COPD and
were classified as having stage 3 COPD as per the GOLD
criteria (Figure 1).

We observed that as the grade of COPD worsened, there
was a reduction in mean quadriceps muscle force, and this
relationship was found to be significant (P=0.01). Since
the P-value is <0.001, we conclude that there was a signifi-
cant difference in mean quadriceps muscle force across the
various stages of COPD. Based on the Tukey HSD post hoc
test, the quadriceps strength in stage 1 COPD patients was
significantly different from that in stage 2 COPD, stage 3
COPD, and stage 4 COPD patients (Table 2).

Within our sample, we observed that 69 (92%) of the
75 participants showed quadriceps muscle weakness. All
stage 4 COPD (GOLD classification) patients showed muscle
weakness, while only 13 (76.5%) of 17 stage 1 COPD par-
ticipants had quadriceps muscle weakness. The prevalence
of quadriceps weakness among participants classified as
having stage 2 or stage 3 COPD was also very high (95.2%
and 95.7%, respectively, Table 3).

We also observed a negative relationship between
participant age and production of quadriceps muscle force.
The quadriceps force value decreased with increasing age,
ie, the force produced by elderly participants was less than
that produced by their younger counterparts (r=—0.675). The
correlation was found to be statistically significant (P=0.001;
Figure 2).
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COPD grade according to GOLD classification
Figure | Distribution of subjects according to COPD grade (GOLD classification).

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global
Initiative for Chronic Obstructive Lung Disease.
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Table 2 Relationship between quadriceps muscle force and COPD grade (GOLD classification)

COPD grade Quadriceps muscle force Range F-value P-value
n Mean (kg) SD SE Minimum Maximum

[ 17 22.2941 291043 0.70588 17.00 27.00 38.547 <0.001

2 21 17.6667 3.24551 0.70823 13.00 24.00

3 23 13.7391 3.36043 0.70070 9.00 23.00

4 14 10.0000 4.26073 1.13873 4.00 17.00

Total 75 16.0800 5.43204 0.62724 4.00 27.00

Abbreviations: SD, standard deviation; SE, standard error; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

Most participants (44 of 75) were in the age group of
61-75 years. Even though the maximum number (eight of
14, 18.1%) of grade 4 COPD patients were aged 61-75 years,
the highest proportion of grade 4 COPD patients (five of 15,
33.3%) was observed in the age group 76 years and older.

The mean quadriceps muscle force also decreased with
increasing age. Table 4 shows the distribution of participants
in different stages of COPD according to age.

Within our sample, we observed that muscle weakness
was present in the majority of the participants in the three age
groups. All participants in the 45—60-year age group showed
muscle weakness, while 93.3% of those aged 76 years or
older showed muscle weakness. Muscle weakness was absent
in six (8%) of the 75 participants, of whom five (6.7%) were
in the age group of 61-75 years (Table 5).

We observed that the mean quadriceps force produced by
the participants decreased as the grade of BMI (World Health
Organization classification) decreased, but this relationship
was found to be statistically insignificant (P=0.05). However,
we found a significant positive correlation between BMI
value and quadriceps muscle force (#=0.496), implying that
participants with higher BMI had higher quadriceps muscle
force (P=0.001, Figure 3).

Discussion
The number of COPD patients (92%) in our sample with
quadriceps muscle weakness was very high when compared

Table 3 Proportion of quadriceps muscle weakness in participants
with different stages of COPD (as per GOLD classification)

COPD grade Quadriceps muscle weakness Total
(GoLb Present Absent

classification) % n % n %
Mild (1) 13 76.5 4 235 17 100
Moderate (2) 20 95.2 | 48 21 100
Severe (3) 22 95.7 | 43 23 100
Very severe (4) 14 100 0 0 14 100
Total 69 92 6 8 75 100

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global
Initiative for Chronic Obstructive Lung Disease.

with a recent similar study,’ which observed that only
approximately one third of COPD patients had quadriceps
muscle weakness. Our results are consistent with the obser-
vation of Cornell et al* that peripheral muscle weakness is
present in COPD patients. Muscle weakness was observed
even in those with relatively normal physical activity levels
and mild-to-moderate airflow obstruction, as indicated by
its presence in high proportions in both stage 1 and stage
2 COPD subjects in our sample. As expected, quadriceps
muscle weakness became more profound as the severity of
disease increased, since all our stage 4 COPD patients showed
quadriceps muscle weakness.

We observed that muscle weakness was present in a very
high proportion in the comparatively younger age group of
45-60 years and that there was a high proportion of muscle
weakness present in stage 1 COPD patients. This reiterates
the findings and observations of recent studies*** showing
that onset of muscle weakness in COPD patients may pre-
cede the onset of symptoms. This is also supported by the
observation of Watz et al'® that physical activity and steps
per day were reduced even in COPD patients with less severe

| ¢ Dynamometer reading —— Regression line

30

Force (kg)

40 50 60 70 80 90
Age (years)

Figure 2 Scatter plot showing the relation between the age and quadriceps muscle
force of the participants (r=—0.675).
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Table 4 Distribution of participants in different stages of COPD according to age

Age Mean quadriceps COPD grade (GOLD classification) Total
(years) muscle force (kg) Mild (1) Moderate (2) Severe (3) Very severe (4)

n % n % n % n % n %
45-60 21.3 8 50 7 43 0 0 | 7 16 100
61-75 15.9 8 18.2 12 27.3 16 36.4 8 18.1 44 100
=76 .1 | 6.7 2 13.3 7 46.7 5 333 15 100
Total 16.1 17 227 21 28 23 30.7 14 18.6 75 100

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

disease. This could be one of the major factors contributing
to COPD patients adapting a sedentary lifestyle early in the
disease and limiting their physical activity to lower than the
recommended international guidelines for physical health
maintenance, as mentioned by Bossenbroek et al.!?

The physical characteristics of our study sample are
comparable with the national data as documented by the
Indian Council of Medical Research.* Even though the
average weight and height for both men and women were
comparatively lower than the national average, the BMI
was higher. Loss of body cell mass is a common and serious
problem for patients with COPD, being more common in
severe end-stage disease.*® This usually results in a reduction
of body mass and BMI in COPD patients. The absence of
such an observation within our sample could be a result of
our study sample being limited to COPD patients visiting the
hospital on an outpatient basis. The reduction in body mass is
more profound in severe end-stage disease, and such patients
are more likely to be admitted to tertiary care hospitals, so
the opportunity to include these patients in our sample was
limited. Another confounding factor in this regard could be
the socioeconomic and demographic characteristics of our
study sample. The positive correlation between BMI and
quadriceps muscle force seen in our study integrates the
finding of increased prevalence of muscle weakness and loss
of body cell mass in more severe cases of COPD.

Recent data from India® suggest that severity of disease
may affect the extent to which skeletal muscle function

Table 5 Proportion of quadriceps muscle weakness according
to age group

is compromised. Shah et al reported a significant positive
correlation between muscle strength in the upper limb and
percentage predicted FEV |, which is consistent with our
observations.

The major limitation of our study was the absence of
published literature documenting normative values for
quadriceps muscle strength in the normal Indian popula-
tion. The values for quadriceps strength obtained in a
study using similar methods in a healthy elderly North
Indian population including different age groups was used
as a reference to categorize and check for the proportion
of weakness within our sample.* This may have led to a
discrepancy in our final results. Further, we did not include
healthy, matched case-controls in our study, as has been
the recent trend.33¢:%

Another limitation of our study was its sample size. The
results obtained from such a small sample cannot be appro-
priately applied to the general Indian population. Women
were notably under-represented in our sample. Further, the

¢ Dynamometer Reading —— Regression line

30

Force (kg)

Age group Quadriceps muscle weakness Total 5 hd
(years) Present Absent ¢

n % n % n % 0 : . ‘ "
45-60 16 100 0 0 16 100 15 20 25 30 35
61-75 39 88.6 5 1.4 44 100 BMI (kg/m?)
=76 14 933 | 6.7 15 100 . ' ' '
Tl e w6 w75 g Heedens e e b s 0 i o
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majority of women in our sample had more severe disease
(stage 3 or stage 4 COPD), unlike our male subjects, the
majority of whom had milder disease (stage 1 or stage 2
COPD). This uneven sex distribution among the various
COPD severity groups could be a source of bias given that
less muscle strength can be expected in females than in
males. This could also be a reflection of the sex inequality
that is prevalent in Indian society, which may be leading to
inequitable distribution of health care resources between
males and females in India.’!

Clearly there are additional factors that may determine
quadriceps strength and skeletal muscle dysfunction. Per-
sonal habits and lifestyle, occupation, socioeconomic status,
nutritional status, and the presence of comorbid conditions,
can all act as confounding factors when determining quad-
riceps muscle strength and need to be considered during
analysis. The age range selected limits the study to mostly
post-menopausal women, and whether the same results can
be extended to pre-menopausal women needs to be estab-
lished. Cardiovascular comorbidity is also common in COPD
patients and may have an influence on the final result which
was not taken into consideration in the study.

Conclusion

A very high proportion of COPD patients (92%) within
our sample were found to have quadriceps muscle weak-
ness. Quadriceps muscle weakness was also present in a
significantly high proportion among patients with mild
disease and in the younger age groups, indicating that the
onset of muscle weakness in COPD patients may precede
the onset of symptoms, resulting in these patients adopting
a sedentary lifestyle early in the disease. Quadriceps weak-
ness becomes all the more important in our culture, wherein
most people use “Indian”-style toilets and have a preference
for sitting down on the floor. Therefore, quadriceps muscle
weakness affects the ability to perform activities of daily
living, so has an adverse effect on quality of life as well as
mental health. This could pose a major public health chal-
lenge. We also observed that as the grade of COPD worsened,
there was a reduction in mean quadriceps muscle force, ie,
quadriceps muscle weakness was more profound as the
severity of disease increased. Further research in different
population groups is needed to determine how widely our
present observations can be generalized.
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