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Determinants of Peripheral Muscle 
Strength and Activity in Daily Life in 
People With Bronchiectasis
Anderson Alves de Camargo, Jacqueline C. Boldorini, Anne E. Holland, Rejane A. Silva 
de Castro, Fernanda de Cordoba Lanza, Rodrigo A. Athanazio, Samia Z. Rached, 
Regina Carvalho-Pinto, Alberto Cukier, Rafael Stelmach, Simone Dal Corso

Background. Bronchiectasis is characterized by a progressive structural lung damage, 
recurrent infections and chronic inflammation which compromise the exertion tolerance, 
and may have an impact on skeletal muscle function and physical function.

Objective. The purpose of this study was to compare peripheral muscle strength, ex-
ercise capacity, and physical activity in daily life between participants with bronchiectasis 
and controls and to investigate the determinants of the peripheral muscle strength and 
physical activity in daily life in bronchiectasis. 

Design. This study used a cross-sectional design.

Methods. The participants’ quadriceps femoris and biceps brachii muscle strength was 
measured. They performed the incremental shuttle walk test (ISWT) and cardiopulmonary 
exercise testing, and the number of steps/day was measured by a pedometer.

Results. Participants had reduced quadriceps femoris muscle strength (mean difference 
to control group = 7 kg, 95% CI = 3.8-10.1 kg), biceps brachii muscle strength (2.1 kg, 
95% CI = 0.7-3.4 kg), ISWT (227 m, 95% CI = 174-281 m), peak VO2 (6.4 ml/Kg/min, 95% 
CI = 4.0-8.7 ml/Kg/min), and number of steps/day (3,332 steps/day, 95% CI = 1,758-4,890 
steps/day). A lower quadriceps femoris strength is independently associated to an older 
age, female sex, lower body mass index (BMI), higher score on the modified Medical 
Research Council scale, and shorter distance on the ISWT (R2 = 0.449). Biceps brachii 
strength is independently associated with sex, BMI, and dyspnea (R2 = 0.447). The deter-
minants of number of daily steps were dyspnea and distance walked in ISWT, explaining 
only 27.7% of its variance. 

Limitations. Number of steps per day was evaluated by a pedometer.

Conclusions. People with bronchiectasis have reduced peripheral muscle strength, 
and reduced aerobic and functional capacities, and they also are less active in daily life. 
Modifiable variables such as BMI, dyspnea, and distance walked on the ISWT are associ-
ated with peripheral muscle strength and physical activity in daily life.
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Bronchiectasis is a chronic disease 
characterized by a permanent and 
abnormal anatomic distortion of 

the bronchi (thickening, herniation, or 
dilation) accompanied by inflamma-
tory response in the lumen that con-
tributes to recurrent lung infections.1 
 Pulmonary manifestations have been 
very well described in these individuals: 
persistent cough, daily sputum produc-
tion, persistent infection, and impaired 
pulmonary function.2 However, it is rea-
sonable to infer that extrapulmonary 
manifestations may occur in bronchiec-
tasis  because of its progressive nature, 
as explained by the persistence of infec-
tion, inflammation, and lung damage.3

Reduced exercise capacity,4,5 impaired 
health-related quality of life,6 and 
physical inactivity7 have already been 
described in people with bronchiecta-
sis, but studies addressing these issues 
are scarce. One small study suggested 
that bronchiectasis may affect exercise 
capacity and quality of life, but it was 
not able to demonstrate a reduction in 
peripheral muscle strength.8 However, 
some aspects of that study are liable 
to criticism. Although the study partic-
ipants had a reduced exercise capacity 
compared with controls, they reached 
approximately 90% of the predicted val-
ues on the 6-Minute Walk Test, which 
cannot be considered to be reduced 
functional capacity.9 Moreover, health 
status was assessed using the Leicester 
Cough Questionnaire, but cough is not 
the only symptom in people with bron-
chiectasis that may affect health-related 
quality of life. Therefore, the small sam-
ple size (n = 20) might have resulted in 
the underestimation of extrapulmonary 
manifestations of bronchiectasis and is 
unlikely to reflect the disease spectrum 
seen in bronchiectasis.8

The systemic consequences of other 
chronic respiratory disease, such as 
chronic obstructive pulmonary disease 
(COPD), are becoming better under-
stood. Some abnormalities observed in 
COPD are shared by people with bron-
chiectasis, such as increased markers of 
systemic inflammation10 and oxidative 
stress,11 hypoxemia,12 increased arterial 
stiffness,13 and malnutrition.10 However, 
the possible systemic consequences of 

bronchiectasis have not been investi-
gated in this population, especially in 
terms of exercise capacity, muscle force, 
and physical activity, which predict the 
prognosis in other chronic pulmonary 
diseases such as COPD.14–16

Based on the progressive pulmonary 
impairment associated with multiple 
exacerbations, systemic inflammation, 
and elevated oxidative stress, we hy-
pothesized that people with bronchiec-
tasis have impairment of skeletal mus-
cle function and physical function. In 
addition, the predictors of peripheral 
muscle strength and physical activity 
in daily life have not been previously 
investigated in bronchiectasis and may 
contribute to indicate specific interven-
tions for rehabilitation to improve the 
physical and functional performance.

The primary aim of this study was to 
compare peripheral muscle strength, 
exercise capacity, and physical activity 
in daily life between participants with 
bronchiectasis and their peers who 
are healthy. The secondary aim was 
to investigate the determinants of the 
peripheral muscle strength and physi-
cal activity in daily life in people with 
bronchiectasis. 

Methods
Study Design and Subjects
This study uses a cross-sectional design, 
with a period of recruitment and assess-
ments from March 2012 to December 
2014. For the study, 168 adults diag-
nosed with bronchiectasis as confirmed 
using high-resolution computed to-
mography were consecutively recruited 
from the outpatient clinic of a tertiary 
university hospital. Participants with 
heart disease, COPD, or cystic  fibrosis 
were excluded. Nineteen participants 
with bronchiectasis were excluded 
(Figure), rsulting in a sample size of 149 
participants (95 women). An age- and 
sex-matched control group of partici-
pants (n = 51, 32 women) was recruited 
subsequently from the local community, 
being in the same season as the par-
ticipants with bronchiectasis. The study 
was approved by the  Human Research 
Ethics Committees from  Universidade 
Nove de Julho (committee reference 
no. 921/11) and University of São  Paulo 

(committee reference no. 451538), with 
written informed consent obtained 
from all participants.

Assessments
Spirometric tests were performed by 
using the CPX Ultima (MedGraphics 
Corporation, St Paul, Minnesota, USA). 
Technical procedures were those rec-
ommended by the American Thoracic 
Society and European Respiratory So-
ciety.17 Forced vital capacity (FVC) and 
forced expiratory volume in 1 second 
(FEV1) are expressed as percentage of 
the normal values for the Brazilian pop-
ulation.18 A body composition analyzer 
(Tanita BC 554; Tanita Corporation of 
America, Arlington Heights, Illinois) 
was used to obtain the fat-free mass 
(FFM), and the FFM index was calcu-
lated. Nutritional depletion was consid-
ered when the FFM index was ≤15 kg/
m2 for women and ≤16 kg/m2 for men.19 
Peripheral muscle strength was meas-
ured by maximum voluntary isometric 
contraction (MVIC) of the biceps bra-
chii and quadriceps femoris muscles. A 
load cell (EMG800C; EMG System, São 
José dos Campos, Brazil) was interfaced 
to a computer to record the MVIC. For 
both muscles, participants performed 
3 MVIC repetitions, maintaining each 
one for 5 seconds, with a minute’s rest 
between repetitions. The highest value 
from the 3 reproducible contractions 
(<5 % variability among attempts) was 
considered for analysis. The quadriceps 
femoris measurement was made with 
the knee joint angle fixed at 90 degrees 
of flexion and hip joint angle set at 90 
degrees of flexion; for the biceps bra-
chii, the arm was positioned along the 
body, and the elbow joint angle was 
fixed at 90 degrees of flexion. Two in-
cremental shuttle walking tests (ISWT) 
(30 minutes apart) were carried out 
according to previous description.20 to 
assess functional capacity. The great-
est distance, in meters, was considered 
for analysis, and was also expressed as 
percentage of predicted.21 Cardiopul-
monary exercise testing was performed 
as previously described,22 and oxygen 
uptake (peak VO2) was considered as 
aerobic capacity. Peak VO2 and peak 
workload were also expressed as per-
centages of predicted.23 Desaturation 
was considered to be a fall of ≥4% in 
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SpO2.24 Physical activity in daily life 
(steps/day) was assessed by a pedom-
eter (Yamax Power Walker, model PW-
610; Yamax Corp, Tokyo, Japan), which 
was worn on the right pocket on the an-
terior surface of the pants for 5 consec-
utive weekdays. It was recommended 
that participants wear the pedometer as 
soon as they got dressed in the morning 
and used throughout the day, removing 
it only to shower and sleep.  The first 
and last day’s recordings were discard-
ed, and the average of 3 days was con-
sidered for analysis.25 The number of 
steps per day less than 5,000 was con-
sidered as “sedentary,” 5,000 to 7,499 as 
“low active,” 7,500 to 9,999 as “some-
what active,” and ≥10,000 as “active.”26 

The modified Medical Research Council 
(mMRC) scale was used for assessment 
of dyspnea.27

Statistical Analysis
The normality of the data was analyzed 
by the Shapiro-Wilk test. All variables 
presented a parametric distribution, ex-
cept mMRC scores and the number of 
steps per day that presented a nonpara-
metric distribution. Parametric data are 
presented as mean (SD), and nonpar-
ametric data are presented as median 
(interquartile range). Participants and 
participants who were healthy were 
compared using an unpaired t test for 
parametric data and the Mann-Whitney 
test for nonparametric data. Differences 

between groups are reported as mean 
difference and 95% CI. Comparisons be-
tween categorical variables were made 
by the Pearson chi-square statistic. A 
stepwise multiple regression analysis 
was used to investigate the determi-
nants to peripheral muscle strength 
(quadriceps femoris and biceps bra-
chii) and activity in daily life (number 
of steps/day) only in the group with 
bronchiectasis. The independent varia-
bles preselected for quadriceps femo-
ris strength were age, sex, BMI, mMRC 
scores, FVC (% of predicted), FEV1 (% 
of predicted), ISWT (m), and number 
of steps. Except ISWT and number of 
steps, the same variables described 
for quadriceps femoris strength were 
used for biceps brachii strength. For 
the number of steps, the independent 
variables were age, sex, BMI, mMRC 
scores, FVC (% of predicted), FEV1 (% of 
predicted), ISWT (m), and quadriceps 
femoris strength. These independent 
variables were considered because they 
are representative of demographic and 
anthropometric characteristics, pulmo-
nary and peripheral muscle function, 
and functional capacity. Probabilities 
for F-to-enter and F-to-remove were set 
in 0.05 and 0.10, respectively. The mul-
ticollinearity diagnostic for the stepwise 
regression analysis was done through 
the analysis of variance inflation fac-
tor (VIF), and none of the independent 
variables presented multicollinearity. 
Data were analyzed using SPSS, ver-
sion 22.0 (SPSS Inc, Chicago, Illinois) 
statistical software. As the sample size 
has not been calculated previously, the 
power of the sample was calculated a 
posteriori (G*Power software; Universi-
tät Dusseldorf, Dusseldorf, Germany). 
The effect size was calculated using the 
Cohen test. The probability of a type I 
error was set at 5% (P < .05). 

Role of the Funding Source
This study was supported by the São 
Paulo Research Foundation  (FAPESP) 
(ref. no. 2013/01863-2, 2014/01902-0).  
The funder played no role in the con-
duct of this study.

Results
Participants with bronchiectasis were 
well matched to controls for age and 
body mass index (Tab. 1). As expected, 

Figure
Flowchart protocol.
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there was difference in baseline char-
acteristics for pulmonary function and 
dyspnea.

The etiology of bronchiectasis was var-
ied: 81 participants had idiopathic bron-
chiectasis. Thirteen had bronchiectasis 
due to primary ciliary dyskinesia; 8, 
due to gastroesophageal reflux disease; 
6, due to Kartagener syndrome; 6, due 
to sequelae of tuberculosis; 6, due to 
pulmonary infection; 4, due to Mouni-
er-Khun syndrome; 3, due to systemic 
lupus erythematosus; 3, due to common 
variable immunodeficiency; 2, due to 
α1-Antitrypsin deficiency; and the re-
mainder due to other etiologies (ulcera-
tive colitis, IgA deficiency, IgG2 deficien-
cy, Bloom syndrome, Scimitar syndrome, 
Marfan  syndrome, allergic bronchopul-
monary aspergillosis, and ingestion of 
lye). Medications used by participants 
were as follows: long-acting bronchodi-
lators (n = 103), short-acting broncho-
dilators (n = 39), antibiotics (n = 74), 
gastric protection drugs (n = 58), anti-in-
flammatory drugs (n = 52), antihyper-
tensive medications (n = 20), analgesics 
(n = 8), vitamins (n = 4), and antiplatelet 
drugs (n = 2). The remainder (n = 39) 
were using  other medications.

The FFM index was evaluated in 78 par-
ticipants with bronchiectasis (baseline 

characteristics did not differ from those 
of participants without measure of FFM 
index) and 30 control participants due 
the availability of the equipment during 
the development of the study. Twen-
ty-five out of 78 participants (32%) pre-
sented with muscle depletion, whereas, 
in the control group, the prevalence 
was 20% (chi square = 0.554; P = .457). 
The distribution of participants accord-
ing to the mMRC scale 0, 1, 2, 3, and 4 
was 26, 28, 56, 14, and 25 participants, 
respectively. For the control group, all 
participants presented mMRC scores 
equal to 0.

Participants with bronchiectasis had 
a reduced peripheral muscle strength 
compared with healthy controls for both 
biceps brachii and quadriceps femoris 
(Tab. 2). Functional capacity, represent-
ed by the distance walked in the ISWT, 
was significantly lower in participants 
with bronchiectasis (Tab. 2). In most 
participants (n = 61), the limiting symp-
tom in the ISWT was dyspnea followed 
by dyspnea/fatigue with same score 
(n = 48) and fatigue (n = 40).

Twenty-eight out of 149 participants 
performed cardiopulmonary exercise 
testing without pulmonary gas exchange 
measurement because they needed ox-
ygen supplementation during the test. 

Exercise tolerance was significantly 
lower in participants with bronchiecta-
sis in both absolute values (Tab. 2) and 
percentage of predicted (Tab. 3). Unlike 
the ISWT, most participants stopped the 
cardiopulmonary exercise testing with 
a predominant symptom of fatigue (n = 
88), dyspnea (n = 29), or dyspnea and 
fatigue in the same proportion (n = 32). 
For all variables in Table 2, the power of 
the sample ranged from 81% to 100%.

In relation to physical activity in daily 
life, 32 (22%) participants were con-
sidered as “sedentary,” 29 (20%) as 
“low active,” 36 (24%) as “somewhat 
 active,” and 51 (34%) as “active,” where-
as, in the control group, the distribu-
tion was 1 (2%), 6 (12%), 10 (20%), 
and 34 (67%) participants, respectively 
(chi square = 19.740, P < .001).

Stepwise regression analysis (Tab. 4) 
showed that age, sex, BMI, mMRC 
scores, and distance walked on the 
ISWT independently influenced quadri-
ceps femoris strength, explaining 44.9% 
of its variance (P < .001). For biceps 
brachii strength, the determinants were 
sex, BMI, and dyspnea (R2 = 0.447, 
P < .001). The determinants of number 
of daily steps were dyspnea and dis-
tance walked on ISWT, explaining only 
27.7% of its variance.  

Table 1.
Baseline Characteristics of Participants With Bronchiectasis and Controlsa

Characteristic Men P Women P

Bronchiectasis Controls Bronchiectasis Controls

No. of participants 54 19 NA 95 32 NA

Age, y 39 (14) 34 (12) .15 50 (13) 44 (15) .10

BMI, kg/m2 23 (5) 24 (4) .07 26 (6) 25 (4) .55

FFM index, kg/m2 17.5 (2.0)b 18.2 (1.6)c .29 16.2 (1.6)d 16.0 (1.3)e .56

FVC, L 2.9 (1.0) 4.8 (0.6) < .001 2.1 (0.7) 3.2 (0.5) < .001

FVC, % predicted 70 (23) 101 (9) < .001 70 (22) 99 (100) < .001

FEV1, L 1.7 (0.9) 4.0 (0.5) < .001 1.4 (0.6) 2.7 (0.5) < .001

FEV1, % predicted 49 (25) 100 (7) < .001 58 (24) 101 (12) < .001

FEV1/FVC 0.58 (0.2) 0.85 (0.1) < .001 0.67 (0.1) 0.85 (0.1) < .001

mMRC, points 1.7 (1.4) 0 (0) < .001 2.0 (1.2) 0 (0) < .001

aData are presented as mean (SD) unless otherwise indicated. BMI = body mass index, FEV1 = forced expiratory volume in 1 second, FFM = fat-free mass, FVC 
= forced vital capacity, mMRC = modified Medical Research Council scale, NA = not applicable.
bn = 30.
cn = 12.
dn = 48.
en = 18.
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Table 2.
Peripheral Muscle Strength, Exercise Capacity, and Daily Physical Activity in Participants With Bronchiectasis and Controlsa

Parameter Bronchiectasis Controls Mean Difference (95% CI) P Effect Size

No. of participants 149 51 NA NA NA

Peripheral muscle force, kg

Biceps brachii strength 11.6 (4.3)b 13.7 (4.1) 2.1 (0.71 to 3.4) .003 0.5

Quadriceps femoris strength 20.8 (9.2)b 27.7 (10.9) 7.0 (3.8 to 10.1) < .001 0.67

Functional capacity

ISWT, m 451 (153) 679 (205) 227 (174 to 281) < .001 1.27

SpO2 at peak, % 90 (6) 95 (5) 4.9 (3.1 to 6.6) < .001 0.91

No. (%) of participants with desaturation 72 (48.3)

Dyspnea at end test 4.1 (2.4) 2.0 (2.0) −2.1 (−2.8 to −1.4) < .001 0.96

Fatigue at end test 3.7 (2.3) 2.7 (2.3) −0.97 (−1.72 to −0.23) .01 0.43

Cardiopulmonary exercise test

Peak VO2, mL·kg−1·min−1 17.6 (6.2)c 24.0 (7.4) 6.4 (4.0 to 8.7) < .001 0.94

Peak workload, W 77 (39) 130 (51) 52.5 (38.8 to 66.1) < .001 1.18

RER 1.23 (0.1) 1.16 (0.1) 0.07 (0.02 to 0.11) .004 0.70

VE/MVV, % 69 (20)c 48 (12) −20.7 (−26.7 to −14.7) < .001 1.31

SpO2 at peak, % 93 (4) 96 (2) 3.4 (2.2 to 4.6) < .001 1.00

No. (%) of participants with desaturation 41 (27.5)

Dyspnea at end test 5.1 (2.5) 3.6 (2.4) −1.5 (−2.3 to −0.68) < .001 0.61

Fatigue at end test 6.3 (2.3) 5.2 (2.8) −1.2 (−2.3 to −0.68) .003 0.43

Physical activity in daily lifeb

Steps/day during week 9164 (5348)d 12,440 (5255) 3276 (1571 to 4981) < .001 0.62

aData are presented as mean (SD) unless otherwise indicated. ISWT = incremental shuttle walk test, MVV = maximal voluntary ventilation, NA = not applicable, 
RER = respiratory exchange rate, SpO2 = oxyhemoglobin saturation, VE = ventilation, VO2 = oxygen uptake.
bn = 136.
cn = 121.
dn = 148 (1 participant did not record this item.

Table 3.
Functional and Exercise Capacities, Expressed as Percentage of Predicted Values, in Participants With Bronchiectasis and Controlsa

Parameter Bronchiectasis Controls Mean Difference (95% CI) P Effect Size

No. of participants evaluated 149 51 NA NA NA

Functional capacity

ISWT, % predicted 55 (16) 74 (15) 19 (14−25) < .001 1.23

Peak HR, % of predicted maximum HR 78 (10) 84 (12) 5.9 (1.7−2.5) < .001 0.55

Cardiopulmonary exercise test

Peak VO2, % predicted 62 (15)b 81 (17) 18.7 (13.6−23.9) < .001 1.19

Peak workload, % predicted 65 (24) 94 (20) 29.5 (22.2−36.9) < .001 1.46

Peak HR, % of predicted maximum HR 84 (9) 92 (12) 8.9 (5.7−12.1) < .001 0.76

aData are presented as mean (SD) unless otherwise indicated. HR = heart rate, ISWT = incremental shuttle walk test, NA = not applicable, VO2 = oxygen 
uptake.
bn = 121.

Discussion
Participants with bronchiectasis have 
lower biceps brachii and quadriceps 
femoris strength, reduced exercise tol-
erance, and a high prevalence of phys-

ical inactivity when compared with 
their peers who are healthy. 

To our knowledge, this is the first study 
to demonstrate that participants with 

bronchiectasis had significant reduction 
in muscle strength of the upper and low-
er limbs. A previous study examining pe-
ripheral muscle strength in bronchiecta-
sis did not find reduction in quadriceps 
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femoris strength.8 It is  possible that the 
small sample size (n = 20) in the pre-
vious study8— comprising  people who 
had less severity (FEV1 = 62.5 ± 20% 
of predicted, and mMRC score = 1.55 
± 0.60)—has resulted in an underesti-
mation of the impairment of peripheral 
muscle strength in this population. Re-
duced quadriceps femoris force in our 
participants may be a consequence of 
chronic deconditioning, demonstrated 
by reduced aerobic capacity. We can-
not rule out that skeletal muscle dis-
use28 could occur due to the systemic 
effects of bronchiectasis, since systemic 
inflammation,10 hypoxemia,5 oxidative 
stress,11 and muscle depletion10 have 
also been described in this popula-
tion. The relationship among skeletal 
muscle dysfunction, exercise capacity, 
and inflammatory and oxidative mark-
ers has not yet been established in the 
literature and should be prospectively 
 explored in people with bronchiectasis.

In our study, the magnitude of the dif-
ference in quadriceps femoris force 
between participants and controls was 
larger than the magnitude of those 
 observed for biceps brachii force (25% 

and 15%, respectively). It is interesting 
to note that in a study of participants 
with sarcoidosis,29 the difference in 
muscle strength for quadriceps femoris 
and handgrip in relation to participants 
who were healthy was quite similar to 
that observed in our study, considering 
absolute values of these outcomes (24% 
and 16%, respectively). The same has 
already been registered in participants 
with COPD whose quadriceps femo-
ris strength was lower than pectoralis 
major30 and hand grip strength.31 This 
pattern—lower limb worse than upper 
limb—has been associated with a great-
er reduction in activity of the lower 
limbs.29

 Reduced distance walked in the ISWT 
confirms a reduction in functional 
 capacity in people with bronchiectasis. 
In the study by Ozalp et al,8 although 
participants walked a shorter distance 
than the control group in the 6-min-
ute walk test, they showed no reduc-
tion in functional capacity, because this 
 distance represented 91% of the pre-
dicted distance and also corresponded 
to 88% of the distance walked by the 
control group. In comparison with 

2  previous studies32,33 that used ISWT 
and measured the dyspnea using the 
MRC scale, our participants are young-
er, display worse pulmonary function, 
and have higher scores on the mMRC 
scale. The combination of these charac-
teristics could explain why our partici-
pants walked shorter distances.

To our knowledge, this is the first time 
that cardiopulmonary exercise testing 
is described in a large number of par-
ticipants with bronchiectasis who are 
representative of the spectrum of dis-
ease severity. This can be confirmed 
by the distribution of participants in 
different scores on the mMRC scale. Al-
though our participants were younger 
than those in the study of Newall et al34 
(44 years vs 61 years, respectively), with 
similar lung function (FEV1 = 52% and 
59% of predicted, respectively), they 
displayed reduced aerobic capacity 
(peak VO2 = 62 ± 13 and 86% of predict-
ed, respectively). Newall et al had their 
participants perform cardiopulmonary 
exercise testing on treadmill, which, 
per se, would determine a higher peak 
VO2 in relation to our study, in which a 
cycle ergometer was used. However, if 

Table 4.
Results of Multiple Regression Analysis (n = 149)a

Nonstandardized 
Coefficient (B)

Standardized Coeffi-
cient (β)

P Adjusted R2

Quadriceps femoris strength 0.449

Constant 11.630 NA .033

Age (y) −0.172 −0.264 .001

Sex (women = 0/men = 1) 6.631 0.350 < .001

BMI (kg/m2) 0.48 0.290 <.001

mMRC (points) −1.323 −0.182 .031

ISWT (m) 0.011 0.189 .047

Biceps brachii strength 0.447

Constant 6.443 NA < .001

Sex (women = 0/men = 1) 5.254 0.596 < .001

BMI (kg/m2) 0.207 0.269 < .001

mMRC (points) −1.040 −0.308 < .001

Steps/day 0.277

Constant 7791.81 NA < .001

mMRC (points) −1401.47 −0.325 .006

ISWT (m) 9.543 0.267 .006

aBMI = body mass index, ISWT = incremental shuttle walk test, mMRC = modified Medical Research Council scale, NA = not applicable.
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the magnitude of the difference in peak 
VO2 between the Newall et al study and 
our study was exclusively due to type 
of ergometer, this difference would be 
6% to 11%35 and not approximately 24% 
as observed. In another study,36 prior to 
a lung resection, 53 participants with 
bronchiectasis performed cardiopulmo-
nary exercise testing on cycle ergome-
ter, and they had a peak VO2 and peak 
workload higher than that observed 
in our participants (peak VO2 = 67.7 ± 
17.1 vs 62 ± 16% of predicted, respec-
tively; workload = 78.8 ± 23.8 vs 65 ± 
24% of predicted, respectively). The 
large sample size in our study allowed 
us to include participants with a variety 
of functional impairments, which was 
more representative of a broad spec-
trum of the bronchiectasis population.

In a previous study,5 we showed that 
physical activity in daily life (steps/day) 
was a predictor of the distance walked 
on ISWT. More recently,  Bradley et al7 
assessed physical activity in 55 par-
ticipants (63 ± 10 years of age) with 
bronchiectasis (FVC = 94 ± 19% of 
predicted, and FEV1 = 76 ± 19% of pre-
dicted) using an accelerometer (Acti-
Graph, Pensacola, Florida). Compared 
with the Bradley et  al study, our par-
ticipants walked more in everyday life 
(6,001 ± 2,780 steps per day vs 9,164 
± 5,348 steps per day, respectively). In 
addition to differences in the instru-
ments used for measuring physical ac-
tivity in daily life between the Bradley 
et al study and ours, the characteristics 
of participants included in both studies 
differ substantially. Even though our 
participants performed higher number 
of steps per day in relation to partici-
pants in in that study, they walked 30% 
less in everyday life compared with 
controls; and about 41% of our partic-
ipants were either “sedentary” or “low 
active,” which is similar to activity levels 
observed in adults with cystic fibrosis.37 

This is the first study to investigate 
the determinants of peripheral muscle 
strength and physical activity in par-
ticipants with bronchiectasis. Unlike 
the Bradley et al7 study, the distance 
walked on ISWT in our study was an 
independent predictor of physical ac-
tivity. This finding confirms that not 

only the 6-Minute Walk Test but also 
the ISWT are representative of the lev-
el of activity required in everyday life. 
Bronchiectasis is a disease of a chron-
ic and progressive nature, and people 
with this condition have to manage 
the progressive dyspnea that can in-
duce sedentary behavior.7 This asser-
tion proceeds once the dyspnea was 
a determinant of number of steps per 
day. Dyspnea was also a contributor 
to quadriceps femoris strength in the 
current study. Previous investigations 
have demonstrated a negative associa-
tion between exercise capacity and the 
degree of dyspnea (based on mMRC 
scores),4,5,38 but this is the first time that 
dyspnea is also implicated with periph-
eral muscle strength in this population. 
Although stepwise regression models 
explained approximately half of the 
variation in peripheral muscle strength, 
we were able to explain only 27.7% of 
the variation in physical activity, illus-
trating the complex nature of physical 
activity in daily life where there may be 
physical, behavioral, and environmental 
contributors. Our data suggest that oth-
er variables as yet unmeasured—such 
as environmental, social, and personal 
factors—must be studied to understand 
the contributors to physical activity in 
bronchiectasis entirely.

Limitations
The current study naturally has some 
limitations. First, a reduced functional 
capacity, as evaluated using ISWT, might 
have been overestimated in our partici-
pants. In the study that determined the 
reference values for the Brazilian pop-
ulation,21 participants were permitted 
to run. The current study used the clas-
sical description of the ISWT, in which 
the test was interrupted when the pa-
tient, walking, did not complete a shut-
tle in time expected for 2 consecutive 
trials. Because of this methodological 
difference, even the controls showed 
a  reduction of the distance walked on 
ISWT (74 ± 15%), and we have chosen to 
use the absolute values (m) of the ISWT 
in the multiple regression analysis.  

Second, this is a cross-sectional study, 
and we can only make statements about 
associations. A longitudinal study de-
sign would be more reliable to inves-

tigate whether the independent predic-
tors established in the current study are 
the cause of reduced peripheral muscle 
strength and physical activity in daily 
life. 

Third, physical activity in daily life 
was assessed by the number of steps 
per day as measured by a pedometer, 
which might have underestimated the 
step count because the accelerometer 
is more accurate for this measure.39 
 However, the pedometer used in the 
current study has reproducible meas-
urements and is a valid device for step 
counting during slow and fast walk-
ing.40 In addition, the pedometer does 
not record the wearing time by par-
ticipants, which is a prerequisite for a 
valid physical activity measurement. It 
seems reasonable to assume, however, 
that the participants used the pedom-
eter on average for 12 hours, as they 
were instructed to wear it from the time 
they woke up until bedtime. Finally, the 
use of BMI is not the best estimator for 
muscle mass.

Our study may have important fu-
ture clinical implications. We studied 
a younger bronchiectasis population 
that already had clinical and functional 
impairment, suggesting that early diag-
nosis may have a significant impact on 
improving the prognosis. Some of the 
determinants of the peripheral muscle 
strength and activity in daily life found 
in our study are modifiable, such as 
dyspnea, BMI, and distance walking on 
ISWT. Therefore, specific interventions 
to ameliorate exertional dyspnea and to 
improve nutritional status and aerobic 
capacity may have a positive impact on 
muscle function and physical activities 
of daily life. Again, this is a cross-sec-
tional study, and any supposition about 
interventions and their impact on the 
outcomes surveyed in this study must 
be interpreted with caution. In this con-
text, our results support the necessity 
for further studies with pharmacologi-
cal and nonpharmacological interven-
tions that can benefit this population.

People with bronchiectasis have re-
duced peripheral muscle strength and 
functional capacity, and they are less ac-
tive in daily life compared with healthy 
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age-matched controls. Functional ca-
pacity is an important determinant of 
peripheral muscle strength and activity 
in daily life. Future studies should eval-
uate whether it is possible to ameliorate 
these effects with pulmonary rehabilita-
tion or other targeted interventions.
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