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Background/purpose: Chronic obstructive pulmonary disease (COPD), especially in severe
forms, is commonly associated with systemic inflammation and balance impairment. The
aim of our study was to evaluate the impact on equilibrium of stable and exacerbation (acute
exacerbation of COPD [AECOPDY]) phases of COPD and to investigate if there is a connection
between lower extremity muscle weakness and systemic inflammation.

Methods: We enrolled 41 patients with COPD (22 stable and 19 in AECOPD) and 20 healthy
subjects (control group), having no significant differences regarding the anthropometric data.
We analyzed the differences in balance tests scores: Falls Efficacy Scale-International (FES-I)
questionnaire, Berg Balance Scale (BBS), Timed Up and Go (TUG) test, Single Leg Stance
(SLS), 6-minute walking distance (6MWD), isometric knee extension (IKE) between these
groups, and also the correlation between these scores and inflammatory biomarkers.

Results: The presence and severity of COPD was associated with significantly decreased score in
IKE (P<0.001), 6MWD (P<<0.001), SLS (P<0.001), and BBS (P<0.001), at the same time
noting a significant increase in median TUG score across the studied groups (P<<0.001). The
AECOPD group vs stable group presented a significant increase in high-sensitive C-reactive
protein (hs-CRP) levels (10.60 vs 4.01; P=0.003) and decrease in PaO, (70.1 vs 59.1; P<<0.001).
We observed that both IKE scores were significantly and positive correlated with all the respira-
tory volumes. In both COPD groups, we observed that fibrinogen reversely and significantly
correlated with the 6MWD, and FES-I questionnaire is correlated positively with TUG test.
Hs-CRP correlated reversely with the walking test and SLS test, while correlating positively
with TUG test and FES-I questionnaire.

Conclusion: According to this study, COPD in advanced and acute stages is associated with
an increased history of falls, systemic inflammation, balance impairment, and lower extremity
muscle weakness.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an inflammatory disorder
characterized by progressive airflow limitation.! Until a few years ago, the traditional
treatment only focused on lung function, but recently, systemic manifestations are
receiving increased attention. Although reduction in muscle performance, functional
mobility, and exercise capacity has been demonstrated, more evidence suggests that
individuals with COPD also present an important risk of falls.?

Multiple medications, impaired mobility, muscle weakness, and the presence of
chronic diseases are often mentioned as risk factors that can lead to falls in older adults.?
Just a small percentage of falls are the result of a single cause; therefore, the etiology
is considered to be multifactorial, involving patient-related factors (intrinsic) and envi-
ronmental circumstances (extrinsic) as well as variables related with the activity.*
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The most cited intrinsic factors are dizziness followed by
lower extremity muscle weakness. Lower extremity muscle
weakness produces up to 26% of the institutional falls and
13% of the community falls.’

Skeletal muscle dysfunction is one of the important extra-
pulmonary manifestations of COPD. Hypoxemia, malnutri-
tion, disuse, and systemic inflammation in skeletal muscle
are several factors that induce changes in the muscle mass
structure and function in COPD.® Along with the increasing
severity of the disease, COPD patients lose muscle mass,
especially in their thighs.” As a consequence, patients will
accuse decreased exercise endurance, fatigue, and dyspnea
at a minimal degree of exertion. These symptoms will reduce
their ability to perform daily activities and limit their exercise
tolerance, creating a downward spiral that will lead to gener-
alized immobility.* Lower extremity muscle weakness being
an important extrapulmonary manifestation and a significant
risk factor for falls, we can presume that COPD population
have a higher risk for falls than their healthy peers.

Study aim

The objective of this study was to investigate if COPD
patients especially in acute stages have balance impairment
and if there is a connection between lower extremity muscle
weakness and systemic inflammation.

Materials and methods

Study design

Before participating in the study, all patients signed an
informed consent form. The study was approved by the ethi-
cal board of the “Victor Babes” Hospital for Infectious and
Lung Diseases, Timisoara, Romania.

Subjects
In this study, we included 61 individuals, with a median age

of 60 years (interquartile range 4 years) and an average body

Table | Patient’s baseline characteristics

mass index (BMI) of 24.844.8 kg/m?. Subjects were divided
into three study groups: the control group (Group A) that
included healthy subjects, Group B with stable COPD patients
(patients who have clinically stable airway obstruction and did
not require any change in therapeutic treatment plan in the last
3 months), and Group C with AECOPD patients (according
to Global Initiative for Chronic Obstructive Lung Disease
guidelines). The baseline characteristics of the three cohorts
are presented in Table 1. No significant differences regarding
age or BMI were observed between the three groups. None of
our patients were on long-term oxygen therapy.

Inclusion criteria for the COPD (22 stable, 19 acute
exacerbation patients) groups were: history of smoking >20
packs-year, physician diagnosis of COPD (forced expiratory
volume in 1 second [FEV ] <80% predicted, FEV /forced
vital capacity [FVC] <0.7 predicted) according to the inter-
national guideline and the ability to provide inform consent.’
We included in the AECOPD group only exacerbations that
did not require admission to ICU.

The control group included 20 subjects, age and sex
matched with normal spirometry (FEV =80% predicted,
FEV /FVC =0.7) with the absence of any health-related
problems that could impair balance and mobility.

Exclusion criteria: syncope, known cognitive impairment,
use of medication that may have increased the risk of falls
(eg, psychotropic drugs), postural orthostatic hypotension,
neurological or musculoskeletal diseases that could account
for possible falls and imbalance (eg, Parkinson’s disease),
history of cerebral-vascular accident, severe cardiovascular
disease, transient ischemic attacks, or lower extremity joint
replacements.

Protocol and equipment

On admission day, blood samples, gases, and inflammatory
biomarkers (fibrinogen and high-sensitive C-reactive protein
[hs-CRP]) were collected from all subjects. Pulmonary

Characteristics Control group Stable COPD group AECOPD group P-value
Age (years)’ 63 (4) 63 (5) 63 (3) 0.829

BMI (kg/m?), mean + SD¥ 24.9+3.8 24.245.7 25.1+4.8 0.824

History of falls (%) 26 39 43 <0.001*
FVC (L) 4.75 (0.65) 2.68 (0.98) 2.34 (0.61) <0.001*
FVC (%) 101 (10) 65.5 (80) 66 (4) <0.001*
FEV, (L)} 3.57 (0.65) 0.79 (0.36) 0.71 (0.31) <0.001*
FEV, (%) 100.5 (12) 27.5 (7) 20.0 (10) <0.001*
FEV /FVCS 76 (10) 27.6 (8) 31.8(10) <0.001*
PaO, (mmHg), mean * SD¥ Not performed 70.119.1 59.1£8.9 <0.001*

Notes: Variables without Gaussian distribution; P-value was calculated using Kruskal-Wallis test. *Variables with Gaussian distribution; P-value was calculated using one-way
ANOVA test. Data is presented as median (interquartile range), unless otherwise noted. *Differences are significant.
Abbreviations: AECOPD, acute exacerbation of COPD; ANOVA, analysis of variance; BMI, body mass index; FVC, forced vital capacity; FEV, forced expiratory volume

in | second.
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function tests were obtained through spirometry. Subjects
completed the Falls Efficacy Scale-International (FES-I)
questionnaire and performed the balance tests on the 1st
day of admission. All tests were conducted by the same
physiotherapist.

Balance measures

Patients completed the FES-I questionnaire that assesses
the confidence level individuals have in performing daily
activities without falling. This tool was developed to expand
Tinetti’s initial FES and includes social activities that may
be considered more challenging by active people, thus
potentially causing more concerns about falling and then
the basic activities represented in the initial questionnaire.
It is a 16-point questionnaire on which the level of concern
is measured on a 4-point scale (1= not at all concerned to
4= very concerned).'® The first balance test performed by
the patients was the Berg Balance Scale (BBS). This test
measures the functional balance using 14 items. Activities
such as reaching, transfers, and turning around were graded
on a scale ranging from 0 (unable/unsafe) to 4 (independent/
safe),'! with higher scores indicating greater balance control.
A cutoff score 0f 46 and below has been identified as a useful
score to successfully identify those at risk of falling. After-
ward, the patients performed the Timed Up and Go (TUG)
test which is a timed performance measure that includes
balance and gait maneuvers used in activities of daily living
and Single Leg Stance (SLS), which is a task of static balance
that records the time the participant is able to stand on one leg
unassisted. Throughout the assessment session, participants
were encouraged to rest as needed. The SLS and TUG tests
were performed three times, and the best value was recorded.?
A cutoff score of 16 or more in TUG test has been shown to
predict falls in community-dwelling elderly.? To assess the
functional exercise level, we performed the 6-minute walk-
ing distance (6MWD) according to the American Thoracic
Society guidelines.'?

Isometric knee extension (IKE) test was measured using a
digital handheld dynamometer (Chatillon K-FCE-200, USA).
Participants were seated upright on the testing chair with the
knee bent at ~90° with the lower leg hanging down the front
of the chair. Knee extension was tested three times on each
leg, with a 60-second rest period between each test. All the
test values were recorded, but only the highest value of the
three tests was used.'*

A spirometer (Jaeger, Germany) was used. The FVC,FEV ,
and the ratio FEV /FVC were measured three times, and the
best value was reported (according to the American Thoracic
Society/European Respiratory Society statement) (Table 1).

Statistical analysis

Data were collected and analyzed using the SPSS Version
17 software suite (SPSS Inc., Chicago, IL, USA) and are
presented as medians and interquartile range for continu-
ous variables without Gaussian distribution and means =+
standard deviation for continuous variables with Gaussian
distribution.

To assess the significance of the differences between
groups, Mann—Whitney U and Kruskal-Wallis tests (medians,
non-Gaussian populations), analysis of variance, and unpaired
Student’s r-tests (means, Gaussian populations) were used.
Continuous variable distributions were tested for normality
using Shapiro—Wilk test. The correlation between studied
variables was evaluated using Spearman’s rank sum cor-
relation coefficient (non-Gaussian distributed variables), its
statistical significance being assessed using the ¢-distribution
score test. In this study, a P-value of <0.05 was considered
as the threshold for statistical significance.

Results

The presence and severity of COPD was associated with
significantly decreased IKE score (Figures 1 and 2) in both
left (P<<0.001) and right (P<<0.001), decreased score in
walking test (P<<0.001), SLS (P<<0.001), and BBS score
(P<<0.001), at the same time noting significant increases in
median TUG score across the studied groups (P<<0.001).
The comparison of these parameters is presented in Table 2.
Inflammatory markers and PaO, were measured only for
patients with COPD and AECOPD. While the increases in
fibrinogen values associated with AECOPD had no statisti-
cal significance, this group was associated with a significant
increase in hs-CRP levels (10.60 vs 4.01; P=0.003). PaO, was
significantly decreased in AECOPD (P<<0.001).

50.0 1

40.0 1

30.0 1

2001 %

10.0 1

IKE left

T T T
Control group Stable COPD AECOPD

Figure | Boxplot for distribution of IKE score in the left leg across the studied
cohorts.

Abbreviations: AECOPD, acute exacerbation of COPD; IKE, isometric knee
extension.
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Figure 2 Boxplot graph for distribution of IKE score in the right leg across the
studied cohorts.

Abbreviations: AECOPD, acute exacerbation of COPD; IKE, isometric knee
extension.

We observed that both IKE scores measured in left and
right leg, respectively, were significantly and positively
correlated with all the respiratory volumes; an observation
which points out that the strength of quadriceps decreases
along with the pulmonary impairment (Table 3).

In both COPD groups, we observed that fibrinogen
reversely and significantly correlated with walking test score
and FES, respectively, and correlated positively with TUG.
Hs-CRP correlated reversely with the walking test and SLS,
while correlated positively with TUG and FES. The correlations
between inflammatory tests and the other studied balance and
strength parameters had no statistical significance (Table 4).

We divided our groups in age-based subgroups
(60—64 years, 65-69 years, 70—74 years) but we did not
record an increased number of falls related to age. The
number of falls in COPD groups vs control group was sig-
nificantly higher: 43% in AECOPD and 39% in stable COPD,
vs control group (26%).

All the patients received inhaled bronchodilator therapy
(in different associations), and 37% of them received inhaled

corticosteroids. In exacerbation, all the patients received
systemic corticotherapy.

Discussion

Our results suggest that the presence of COPD (stable or
exacerbation phases) is associated with: 1) an increased his-
tory of falls; 2) systemic inflammation (increased hs-CRP
and fibrinogen levels, especially in AECOPD); 3) balance
impairment (decreased SLS and BBS scores and increased
FES and TUG scores); 4) lower extremity muscle weakness
(decreased IKE score in both legs); and 5) a decline in physi-
cal activity capacity (decreased 6MWD score).

The novelty of this article is the study design. Previous
papers have associated balance tests with pulmonary function
tests, but this is the first study, to our knowledge, that also
associates inflammatory biomarkers (hs-CRP and fibrinogen)
and compares healthy subjects with stable and acute phases of
COPD. We also used the FES-I questionnaire to self-assess
the confidence level individuals have in performing daily
activities without falling. The other studies used Activities-
specific Balance Confidence (ABC) score with comparable
results.? In literature there are several risk factors, such as:
aging, hypoxemia, medication, systemic inflammation, cog-
nitive impairment, and disuse, etc, which can lead to falls in
this population, and they will be discussed later.>!5-"7

COPD population tends to be more sedentary, and another
factor of risk for falls could be disuse. In the present study,
we used 6MWD test to evaluate the exercise functional level
and we recorded a significant difference between the COPD
groups and the control group.

We have observed a reverse correlation between FEV, and
hs-CRP, highlighting the importance of systemic inflamma-
tion in relation with COPD status. On the other hand, inflam-
mation biomarkers are associated with decreased muscle
strength (IKE), exercise endurance (6MWD), and balance

Table 2 Comparison of IKE scores and balance parameters regarding the patients COPD status

Control group Stable COPD group AECOPD group P-value
IKE left (kgf)$ 35.9 (7.1) 23.8 (13.1) 18.5 (2.8) <0.001*
IKE right (kgf)$ 36.1 (6.4) 24.3 (12.3) 18.5 (3.9) <0.001*
6MWD (m)$ 431 (42) 363 (67) 266 (85) <0.001*
SLS (s)® 26 (3.1) 16.3 (2.1) 7.8 (1.8) <0.001*
TUG (s)’ 9.3 (2.1) 15.2 (1.1) 18.3 (2.6) <0.001*
BBS (pts)’ 53 (5) 46 (3) 42 (4) <0.001*
FES (pts)® 17.5 (5) 40 (4) 51 (6) <0.001*
Fibrinogen (g/L), mean *+ SD¥ 2.62+0.4 3.03+0.7 5.8416.2 0.010*
hs-CRP (mg/L), mean + SD¥ 3.2t1.4 4.01+3.2 10.6+8.2 <0.001*
Smoking history (pack-years) 31 (15) 35 (26) 40 (21) 0.08

Notes: Data is presented as median (interquartile range), unless otherwise noted. Variables without Gaussian distribution; P-value was calculated using Kruskal-Wallis test.
*Differences are significant. ¥Variables with Gaussian distribution; P-value was calculated using unpaired Student’s t-test.

Abbreviations: IKE, isometric knee extension; AECOPD, acute exacerbation of COPD; 6MWD, 6-minute walking distance; SLS, Single Leg Stance; TUG, Timed Up and Go;
BBS, Berg Balance Scale; pts, points; FES, Falls Efficacy Scale; hs-CRP, high-sensitive C-reactive protein.
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Table 3 Correlation matrix presenting the association between respiratory volumes and quadriceps contraction strength

FVC (L) FVC (%) FEV, (L) FEV, (%) FEV IFVC
IKE lefc 0.620%* 0.551%* 0.573%* 0.618%* 0.506%*
IKE right 0.636%* 0.559%* 0.619% 0.626%* 0.565%*

Notes: The strength of the correlations was assessed using Spearman’s correlation coefficient. **Correlations are significant at 0.01 level.
Abbreviations: FVC, forced vital capacity; FEV,, forced expiratory volume in | second; IKE, isometric knee extension.

impairment (BBS, SLS) in COPD patients. Other researchers
showed that particularly when these biomarkers are elevated,
muscle wasting becomes a serious complication.'® This could
be a contributor factor for fatigability and reduced muscle
endurance observed in COPD patients.

Moreover, there are studies which demonstrated that
inhaled corticosteroids may also modulate systemic inflam-
mation (corticosteroids users had CRP levels 40% lower
than corticosteroids nonusers).'® If we take into consideration
medication as a risk factor for falls, there are some concerns
regarding corticosteroids, which may lead to peripheral muscle
weakness. The use of corticosteroid therapy in COPD popula-
tion has been estimated to be ~61.5% for inhaled and ~8.3%
for oral corticosteroids.!® But in the cases we studied, the use
of inhaled corticosteroids was much reduced and the quantity/
day was difficult to assess. Corticosteroid therapy interferes
with the production of contractile proteins, and they increase
intracellular proteolysis. All these may result in reduced muscle
mass and strength in these patients. These observations suggest
that systemic inflammation could be one of the missing links
between balance impairment, muscle weakness, and COPD.

Even if none of our patients were on long-term oxygen
therapy, we recorded significantly decreased PaO, in
AECOPD. Patients with severe COPD may have a decreased
hemoglobin oxygen saturation level, which may result in local
tissue hypoxia, muscle wasting, and weakness. Just 8 weeks
at altitudes greater than 5,000 m has been shown to cause
10% reduction in muscle mass and peak power.® Hypoxia
may also induce inflammation, causing muscle atrophy.®
However, hypoxia itself cannot fully account for all the
observed changes in skeletal muscle because many patients
with COPD suffering from muscle wasting and dysfunction
do not exhibit hypoxemia.® Some studies had shown the

negative effects of exacerbations and inflammatory status on
cognitive function. In one of our study using Montreal Cogni-
tive Assessment questionnaire test, we concluded that COPD
patients present significant impairment of the cognitive status,
especially in acute exacerbation and advance stages of the
disease. Increased inflammatory markers in these patients are
associated with the decrease of the cognitive functions.'” Pre-
viously, Dal Negro et al'® and Dodd et al'®?° obtained similar
results. Roig et al in a prospective study performed on older
adults, showed that people with cognitive impairments fell
five times more often than people without them."

Beauchamp et al in a comprehensive study performed on
COPD patients, concluded that 46% of patients experiencing
a fall/year and the standard clinical balance measures (BBS
and TUG) discriminate self-reported fallers from nonfallers.
Moreover, impaired balance confidence and the use of
supplemental oxygen were significant predictors of falls in
this population.? We obtained similar results on all these
tests: KE peak torque — an equivalent for IKE, BBS, TUG,
6MWD, and ABC (an equivalent for FES-I test).

In comparison to us, her COPD groups were divided into
fallers and nonfallers. Their results showed that fallers had a
higher TUG score than nonfallers and lower BBS, 6MWD,
and ABC scores. Interestingly, even if the use of supplemen-
tal oxygen was higher in fallers (72%) vs nonfallers (24%),
the FEV, (% predicted) was higher in fallers (42.7%) than
in nonfallers (40.6%).!

It is well known that the most important risk factor that
leads to COPD is smoking. All our COPD patients in this
study were smokers, so we assume that the inflammatory
cytokines released over the years may lead to systemic
inflammation. But in order to exclude a confounder, we also
selected smokers for the control group.

Table 4 Correlation matrix presenting the association between inflammatory markers and quadriceps contraction strength and

balance tests

IKE left IKE right 6MWD SLS TUG BBS FES
Fibrinogen -0.230 -0.212 -0.321* —-0.266 0.378* -0.230 —0.384*
hs-CRP -0.218 —0.174 —0.413** —0.423** 0.449%* —0.285 0.501**

Notes: The strength of the correlations was assessed using Spearman’s correlation coefficient. *Correlations are significant at 0.05 level. **Correlations are significant

at 0.01 level.

Abbreviations: IKE, isometric knee extension; 6MWD, 6-minute walking distance; SLS, Single Leg Stance; TUG, Timed Up and Go; BBS, Berg Balance Scale; FES, Falls

Efficacy Scale; hs-CRP, high-sensitive C-reactive protein.
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Certain limitations must be taken into consideration when
interpreting our results. We could not precisely record the
amount of inhaled corticosteroids used/patient. Falls were
also recorded retrospectively based on recall and, therefore,
could have underestimated the incidence of falls in our
samples; also, we cannot precisely know the etiology of
each event. Our small sample size limits the reliability of our
logistic regression, eg, the mismatch between the number of
falls related to aging inside each group.

Conclusion

This study has shown that COPD patients have an increased
risk of falls, balance impairment, and lower extremity muscle
weakness, comorbidities in which systemic inflammation
may play an important part. Simple clinical measures of
balance like BBS and IKE can predict the risk of falls in
this population. Future research is needed to elucidate the
mechanism underlying balance deficits in this population
and to adjust fall prevention strategies, given the devastating
consequences of this problem.
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