
Abstract  

Fall-related causes in patients with COPD might be associated 

to functional balance impairments and greater disease severity. We 

aimed to evaluate the reasons for falls in patients with COPD who 

had presented any fall during the previous year. This is a cross-

sectional study. All COPD’s GOLD classifications (mild, moder-

ate, severe, and very severe) patients were recruited. In order to 

participate, patients ought to be clinically stable and without any 

exacerbation within 30 days prior to study entry. History of falls 

was self-reported by patients through an interview. Pre and post 

bronchodilator (salbutamol 400 μg) spirometry was performed. 

All patients accomplished postural balance tests such as the Berg 

Balance Scale, Falls Efficacy Scale-International, Time up and 

Go, Functional Reach test, Tinetti test and Chalder Scale; further-

more, lower limbs muscle strength (muscle dynamometry) and the 

COPD Assessment Test (CAT) were assessed. Ninety-six patients 

with COPD were evaluated and divided into two groups stratified 

according to any positive history of falls in the previous year. 

Patients with COPD who had any fall in the previous year present-

ed older age (p=0.01), higher BMI (p=0.04) and worse pulmonary 

function than those who did not fall. The risk of falls was 

increased in patients with lower muscle strength in the lower 

limbs (OR 2.9, CI 95%;1.6 to 3.9), age greater than 65 years (OR 

2.7, CI 95%;1.3 to 3.4), BMI greater than 28.8 kg/m2 (OR 3.2, CI 

95%;1.1 to 5.6), very severe airway obstruction (OR 3.9, CI 

95%;2.2 to 3.9) and fatigue (OR 3.2, CI 95%;1.5 to 5.3). Impaired 

body balance, reduced lower limb strength, disease severity, pres-

ence of fatigue and elevated BMI are important factors for falls in 

patients with COPD. 

Introduction 

Chronic obstructive pulmonary disease (COPD) is a respiratory 

disease that results in airflow limitation and respiratory distress [1]. 

The disease manifestations, however, are not exclusively limited to 

respiratory function and patients with COPD face many non-respi-

ratory impairments that affect both function and mobility. Deficits 

in function and mobility have been associated with an increased fall 

risk in older adults [2,3]. Primarily, risk of falls is mainly associated 

to muscle depletion in these patients. A study that assessed balance 

in patients with COPD observed that hypoxemia, dyspnea and 

fatigue are disease related factors related with balance impairment 

and falls in these patients. Associated mechanisms such as muscle 

dysfunction and hypotrophy may also be important related factor4. 

Some evidence explains these changes through time; as disease 

develops, COPD patients may increase induced muscle dysfunc-

tion/depletion and, therefore, weakness, exponentially, increasing 

risk of falls [4]. For this reason, literature suggests that muscle 
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assessment and training carried out to improve balance in elderly 

patients with COPD should be a component of pulmonary rehabili-

tation programs in clinical practice [5]. 

On the other hand, a lack of evidence is seen on other possible 

explanations for fall risk in this population. For instance, no evi-

dence suggests that visual deficits can increase risk of falling in 

COPD. In addition, syncope and postural hypotension as a fall trig-

gering mechanism is unclear. Exacerbations and dyspnea are not 

directly associated with fall risk but, secondarily, can contribute to 

the progressive physical deterioration that may increase the risk of 

falls in these patients. While these results suggest that patients with 

COPD might have an increased susceptibility to fall compared to 

their healthy peers [6], no information is yet established on what 

extent systemic manifestations can be the causes of such falls [7]. 

Despite of that, it is known that impaired functional balance 

may play an important role on fall development in COPD patients 

[8]. Recently, it has been seen that body balance impairment and a 

greater incidence of falls is more frequent in patients with COPD 

than in healthy subjects while performing dynamic activities [9]. 

Therefore, we aimed to evaluate the reasons for falls in patients 

with COPD who had presented any fall during the previous year. 

 

 

Materials and Methods 
 

This is a cross-sectional study on patients with COPD who 

were conveniently recruited from the rehabilitation center of the 

University Polyclinic at Adventist University of São Paulo, Brazil. 

Our university Ethics Review Board (number 0369/10) has 

approved this study and all subjects signed an informed consent. 

Inclusion criteria were: mild, moderate, severe, and very 

severe airway obstruction (according to the GOLD 2017 criteria) 

[1]; stable clinical conditions without any exacerbation within 30 

days prior to the study entry (i.e., not having increased dyspnea, 

cough, sputum or even increased global fatigue). Exclusion criteria 

were: associated comorbidities such as cardiac, orthopedic and 

neurological diseases that would not allow normal lower limbs 

function; inability to perform spirometry; lack of procedures 

understanding; current smoker or former smoker prior to one year. 

All participants performed the following procedures: spirome-

try in forced vital capacity (FVC) mode - pre and post 400 mcg of 

salbutamol® - to assess clinical conditions [1]. In order to assess 

body balance the Berg scale [10], Functional reach tests [11], Falls 

Efficacy Scale – International [11], Time up and Go [12], Tinetti 

test [13,14], Chalder Scale [15] were used; also, quality of life was 

also assessed using the CAT questionnaire [16]. Clinical character-

istics of patients were assessed using our own University facility 

questionnaire; it comprises height, weight, gender, medical and 

physical records and current medicine intake. 

Patients underwent two visits at the laboratory. On the first day 

they underwent spirometry with and without bronchodilators and 

completed the quality-of-life questionnaire [16]; also, anthropomet-

ric data and previous falls were recorded. History of falls was self-

reported by patients through an interview. On the second day, the 

clinical stability questionnaire was answered and body balance tests 

were performed. Spirometry was carried out with three acceptable 

spirometric evaluations (KoKo; Occupational Health Dynamics; 

Birmingham, AL, USA) and were done following the American 

Thoracic Society/European Respiratory Society recommendations. 

FVC, slow vital capacity (SVC), and forced expiratory volume in 

the first second (FEV1) in liters were measured. Spirometry was 

repeated 15 min after a bronchodilator administration (albuterol 400 

mcg); predicted values for FVC and FEV1 were calculated according 

to the third National Health and Nutrition Examination Survey [17]. 

Severity of disease was classified according to Global Initiative for 

Chronic Obstructive Lung Disease stages [1]. 

Body balance was assessed by Berg Balance Scale [10]. It 

evaluates functional balance in 14 daily life activities with an over-

all of 56 points. Scores between 45 to 56 points are associated with 

a decreased risk of falling and scores under 36 points are related to 

a fall risk that is up to 100%. The cutoff score for impaired balance 

is 45 points. The fear of falling was assessed while performing 

daily and leisure activities according to the Falls Efficacy Scale- 

International questionnaire [11]. This questionnaire consists of 16 

questions and evaluates the predisposition to falls in elderly popu-

lation during every day and leisure activities. Functional mobility 

was assessed using the Time up and go test, which can qualify 

mobility as normal, fragile or incapacity levels; the longer the time 

to perform the test, the worse functional mobility is [12]. Body 

flexibility was assessed by the Functional Reach test; the lower the 

body flexibility the worse the balance is [13]. Also, as a balance 

measure, the Tinetti scale has 14 balance related items (overall 

score up to 24 points) and 10 gait related items (overall score up to 

16 points). It can be scored up to 40 points and higher scores cor-

respond to better a performance [13,14]. Finally, global fatigue 

was evaluated using the chalder scale; the greater the global fatigue 

is, the greater the risk of falling [15]. Muscle strength was assessed 

using a dynamometry device, the percentage of age predicted was 

used as a reference source [8]. CAT questionnaire was used to 

assess quality of life. CAT ranges from 0 to 40 points. Scores 

between 0 to 10 has no impact on quality of life, scores between 11 

to 20 suggests low impact, scores between 21 to 30 suggests medi-

um impact and scores between 31 to 40 suggests high impact of 

COPD’s quality of life [16]. 

 

 

Statistical analysis 
 

Data are presented as mean and standard deviation. The 

Student’s t-test was used to compare the differences between the 

anthropometric variables, pulmonary function and body balance 

data between patients with COPD with and without falls in the pre-

vious year. Analysis of variance of one entry (one-way repeated 

measures) with Tukey post hoc test was used to assess the number 

of falls (none, one, two or three falls) patients reported in the pre-

vious year. Risk of falls was done by univariate odds ratio test. 

Statistical significance was determined by a p<0.05. We used the 

GraphPad Prism® software (9.1.0 version) to plot all statistics. 

Considering an α=0.05, and a statistical power of 80% (β=0.20) 

according to the dichotomic outcome variable (increased or 

reduced risk of falls) our sample size would be of, at least, 84 

patients in order to achieve significant statistical power. 

 

 

Results 
 

We evaluated 96 patients with COPD who were divided into 

two groups stratified by positive history of falls in the previous 

year. Fifty-nine (61.45%) patients reported at least one fall prior to 

a twelve-month period. The characteristics of the COPD patient 

who reported falls in the last year prior to the study was evaluated. 

These were older (p=0.010), had a higher BMI (p=0.04) less forced 

vital capacity (p=0.021) and less forced expiratory volume over 

                 Article

Non
-co

mmerc
ial

 us
e o

nly



time (p=0.031). No change after the use of bronchodilator was 

seen in those variables (Table 1). After several tests accomplished, 

we observed a worse body balance in patients who fell compared 

to patients who did not fall. However, statistical significance was 

only seen on the BERG and Tinetti scales (Figure 1). Our study 

also showed that patients who reported three or more falls as com-

pared to none scored worse in BERG [41.4(3.5) vs 52.3(2.4), 

p=0.001], Tinetti [43.5(4.1) vs 55.3(4.6), p=0.001] and fatigue 

[1.2(1.1) vs 2.9(1.4), p=0.03] questionnaires. Additionally, patients 

who reported three or more falls as compared to none showed 

decreased lower limbs strength [13.2(3.3) vs. 22.1(1.8), p=0.049]. 

On the other hand, patients who reported three or more falls as 

compared to none showed a longer TUG test performance 

[13.1(1.1) vs 11.2(1.3), p=0.049]. No difference was seen between 

fallers and non-fallers with CAT scores. Lower and upper limbs 

muscle strength was also evaluated; we found that patients who 

reported falls in the last year showed a significant reduction in the 

lower limbs strength (p=0.047) - mean value was 21.9(7.7) and 

25.8(9.6), CI 95%; 20.6 to 23.4 and 22.7 to 28.8 (Figure 2). The 

risk of falls was assessed using the odds ratio. We found increased 

risk for patients with lower muscle strength in the lower limbs (OR 

2.9, CI 95%; 1.6 to 3.9), age greater than 65 years (OR 2.7, CI 

95%; 1.3 to 3.4), BMI greater than 28.8 kg/m2 (OR 3.2, CI 95%; 

1.1 to 5.6), very severe airway obstruction (OR 3.9, CI 95%; 2.2 to 

3.9) and fatigue (OR 3.2, CI 95%; 1.5 to 5.3) (Figure 3). 

 

 

Discussion  
 

The main objective of this study was to evaluate the character-

istics of patients with COPD who had falls. Our main findings 

were:  first, patients with COPD who had any fall in the previous 

year were older, presented higher BMI and worse pulmonary func-

tion than those who did not fall. Second, the risk of falls was 

increased for patients with reduced lower limbs strength, aged over 
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Figure 1. Body balance assessment in patients with COPD with 
and without a positive history of falls. Tug test, timed up and go 
test; DGI, dynamic gait index.

Figure 2. Muscle strength in patients with COPD with and with-
out a positive history of falls.

Table 1. Anthropometrics, lung function and quality of life characteristics in the studied sample. 

Variables                                                                              Falls (n=59)               No falls (n=37)                         p 

Age (years)                                                                                                        69.9 (7.7)                                   65.5 (9)                                        0.01 
Female (%)                                                                                                             52.6                                           54.2                                            0.09 
Male (%)                                                                                                                 47.4                                           45.8                                            0.06 
BMI (kg/m2)                                                                                                       28.5 (3.6)                                 25.6 (3.1)                                       0.04 
FVC (L)                                                                                                                2.4 (0.2)                                 2.66 (0.86)                                     0.021 
FVC (%)                                                                                                              77 (15.6)                                  76 (16.7)                                       0.32 
FEV1 (L)                                                                                                             1.26 (0.19)                               1.65 (0.94)                                     0.031 
FEV1 (%)                                                                                                            52.6 (0.17)                               59.7 (28.1)                                      0.09 
FEV1/FVC                                                                                                            0.60 (0.21)                                0.6 (0.12)                                       0.85 
FVC (L) post bronchodilator                                                                        2.52 (0.07)                               2.71 (0.84)                                     0.025 
FVC (%) post bronchodilator                                                                       80.9 (14.5)                               79.7 (15.1)                                      0.87 
FEV1 (L) post bronchodilator                                                                      1.21 (0.29)                               1.66 (0.61)                                    0.0021 
FEV1 (%) post bronchodilator                                                                      52.3 (21.6)                               59.9 (15.4)                                      0.52 
FEV1/FVC post bronchodilator                                                                      0.59 (0.11)                               0.61 (0.21)                                      0.85 
Pack-year                                                                                                           51.6 (19.7)                               44.4 (31.5)                                      0.55 
CAT (points)                                                                                                      18.9 (7.4)                                 16.7 (9.1)                                       0.47 
BMI, body mass index; FVC, forced vital capacity; FEV1, first second expiratory volume; FEV1/FVC, first second expiratory volume/ forced vital capacity; CAT, COPD assessment test.
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65 years, BMI greater than 28.5 kg/m2, with very severe airway 

obstruction and fatigue. Third, lower limb strength was greater in 

patients who did not fall. Fourth, the worse the balance test scores 

the greater the number of falls per year is. 

Accidental falls in healthy individuals and patients with COPD 

are frequent, however, its causes must be better studied. These falls 

increase hip fractures risk and mortality representing greater eco-

nomic spending for global health systems; old age is a risk factor 

for falls in the COPD population and is also associated with dysp-

noea [17]. In this study, the mean age of subjects who had falls is 

greater than the age of those who did not fall, with a mean differ-

ence of 4.4 years between groups. Some studies have shown that 

the annual incidence of falls in patients with COPD is considerably 

higher when compared to healthy age matched adults [18,19]. Data 

from the present study are similar, 59 patients reported falls at least 

once in the last year, corresponding to 61.5% of all assessed 

patients (37 did not report any fall). 

Patients with COPD have a balance deficit, probably due to 

multisystem diseases and old age; a risk factor for falls [20]. In a 

study comparing body balance impairment in patients with COPD 

and healthy peers matched for age and sex, loss of body balance 

was found among patients with COPD; body balance was more 

affected at more advanced age and airway obstruction in patients 

with COPD than in control subjects [9]. As age develops, postural 

control skills are altered, which lead to deficits in balance adjust-

ments. These changes result from a decrease in the speed of neural 

information conduction, as well as in the muscle responses pro-

cessing, most of those are slow and inadequate, leading to balance 

instability and increased falls predisposition. 

In addition to age, we showed that overweight and mild-mod-

erately obese COPD patients presented higher risk of falls as com-

pared to their leaner counterparts. Some literature tried to explain 

its possible mechanisms for congestive heart failure, coronary 

heart disease and chronic obstructive pulmonary disease patients, 

however, most failed to do so mainly because evidence shows a 

protective effect, better prognosis and reduced mortality in these 

disease phenotypes; the so called “obese paradox” [21]. One study 

cited a possible explanation for this relating underlying disease 

such as diabetes, osteoarthritis, hypertension and anxiety disorders 

that would impair balance [22]. It is also seen that overweight may 

impact on lung volumes; the reduced FEV1 and FVC seen in our 

fallers COPD patients may be linked to a restrictive defect due to 

the modified chest wall mechanical properties related to increased 

fat mass-obese COPD patients may present [23]. 

The body balance was also analyzed in the present study, 

which was found to be impaired in the population that had fell 

when compared to patients who did not fall. Other authors have 

shown that patients with COPD present postural control impair-

ment when compared to age-matched healthy controls. Associated 

factors contributing to impaired postural control were muscle 

weakness, physical inactivity, elderly, need for supplemental oxy-

gen and limited mobility [24]. 

A systematic review showed strong correlations between lower 

limb muscle weakness and the incidence of falls, assuming that 

muscle strength is an essential factor for postural control mainte-

nance [24]. Another study showed reduced muscle strength and 

endurance in patients with COPD when compared with healthy 

controls. Their main finding is related to the lower limb strength 

mechanism is actively involved in the prevention of falls; unfortu-

nately, that is impaired in COPD patients [25]. 

A decrease in muscle strength ultimately affects work capacity, 

motor activity and adaptability to the environment, contributing to 

instability and falls in elderly individuals. Several studies indicate 

a correlation between muscle weakness and falls in the elderly. 

Muscle weakness is the second leading cause of falls, along with 

balance and gait disturbances. According to this, attention should 

be drawn to the studied population, since a significant number of 

elderly people do not perform regular physical exercises and report 

muscle weakness in the lower limbs [24,25]. 

Although this study did not assess the frequency of systemic 

steroids use, it is known that patients with COPD take this med-

ication for at least 14 days per year during post exacerbations 

periods [26,27]. Some authors relate these drugs use is ought to 

decrease muscular strength and balance, increasing the risk of 

accidental falls in patients with COPD. We can observe that 

lower limb muscle strength was reduced in patients who had fell; 

this being a precipitating factor for balance loss and consequent 

accidental falls. 

Another study found that subjects with moderate to severe 

COPD (FEV1 17%) had abnormal thigh muscles (reduced volume 

and strength and increased fat infiltration) when compared to a 

healthy control group [28,29]. These factors are associated to 

increased function and mobility loss in the elderly [19]. In the pres-

ent study, we found that the group who fell presented reduced 

lower limb muscle strength and more severe disease according to 

GOLD classification than the group who did not fall. 

Not only airway obstruction is related to falls in COPD due to 

reduced muscle strength but also due to the limited ventilation and 

hypoxemia COPD patients experiences [1,30]. In fact, the narrower 

airway is, more impaired postural control gets. Park et al. [31], 

showed that severe COPD patients had impaired postural balance 

compared to control subjects; also, they showed presence of oxygen 

therapy, fat mass, reduced neurocognitive function and the presence 

of diabetes explained most of the variation in postural balance in 

severe COPD patients.  Additionally, Ozalevli et al. [30] reported 

that lower limbs fatigue also play an important role in COPD’s pos-

tural balance. They showed an association between increased self-

reported fatigue and balance impairment after manual quadriceps 

femoris muscle strength test and the six-minute walking test in 

COPD patients. 

Therefore, our results showed it is not only one factor that 

determine fall in patients with COPD, quite contrary, it is a pool of 

factors that do; combined factors such as reduced lower limbs 

strength, older age, overweight, severe airway obstruction and 

lower limbs fatigue are associated with balance impairment in 

patients with COPD. 

Our study has three limitations. First, its cross-sectional design 

does not allow us to evaluate the cause-effect relationship of tested 

variables. Longitudinal data are needed to further understand the 
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Figure 3. Forest plot for falls risk in patients with COPD. Berg, 
Berg scale; COPD stages, chronic obstructive pulmonary disease 
stages; BMI, body mass index.
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causal and temporal relations between disease-related factors and 

balance and history of falls in COPD. Second, we used self-report-

ed assessment methods to assess the frequency of falls. This 

method may lead to recall bias. Third, we did not assess the effect 

of medications, neuropathy, psychological factors (such as depres-

sion and anxiety), the prevalence of exacerbations, physical activ-

ity level, and comorbidities, which may all contribute to the 

increased fall risk and balance loss in COPD patients. 

The clinical implication of this study is that specific balance 

and lower limb muscle strength training should be useful for 

patients with COPD. It is possible that specific training may reduce 

the number of falls in these patients. 

 

 

Conclusions 
 

Impaired body balance, reduced lower limb strength, old age, 

overweight, severe airway obstruction and lower limbs fatigue are 

related risk factors for balance impairment in COPD patients.  
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