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Evaluation of cough strength in bronchiectasis
Brongektazide 6kstirme kuvvetinin degerlendiriimesi
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Abstract

Purpose: This study aimed to evaluate the cough strength in bronchiectasis patients. We also planned to
examine the relationship between cough strength, exercise capacity and quality of life.

Materials and methods: The study included 24 bronchiectasis patients (bronchiectasis group) and 25 healthy
individuals (healthy group). Exercise capacity was evaluated with the six minute walk test (6MWT). Cough
strength (Peak cough flow (PCF)) was assessed using Mini-WrightTM peak flow meter (PFM) with a mouthpiece.
The quality of life was evaluated with Leicester Cough Questionnaire (LCQ).

Results: A significant difference was found between the groups in terms of PCF, 6MWT, LCQ total score and
subdimension scores showed significant differences in favor of the healthy group (p<0.05). A positive high
correlation was observed between PCF and the following variables: 6MWT and LCQ total score (r=0.780,
p<0.000 and r=0.885, p<0.000, respectively).

Conclusion: This study found that cough strength was worse in bronchiectasis patients compared with healthy
individuals. In addition, cough strength could negatively affect exercise capacity and quality of life. Therefore,
cough strength should be added to the evaluation parameters.
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Oz

Amag: Bu calismada bronsektazi hastalarinda 6ksirme kuvvetinin degerlendiriimesi amaglandi. Ayrica 6ksurme
kuvveti ile egzersiz kapasitesi ve yagsam kalitesi arasindaki iligkiyi incelemeyi planladik.

Gereg ve yontem: Calismaya 24 bronsektazi hastasi (bronsektazi grubu) ve 25 saglikli birey (saglikli grup)
dahil edildi. Egzersiz kapasitesi 6 dakika yirime testi (6DYT) ile degerlendirildi. Oksiirme kuvveti (Tepe dksiiriik
akimi (TOA)), Mini-WrightTM Pef cough metre (PCM) kullanilarak degerlendirildi. Yasam kalitesi, Leicester
Okstiriik anketi (LOA) ile degerlendirildi.

Bulgular: Gruplar karsilagtirildiginda TOA, 6DYT, LOA total puan ve alt boyutlari arasinda saglikh grup lehine
anlamli fark gériildii (p<0,05). TOA ile 6DYT ve LOA total puan arasinda pozitif ydnde yiiksek diizeyde anlamli
iliski saptandi (sirasiyla r=0,780, p<0,000 ve r=0,885, p<0,000).

Sonug: Brongektazi hastalarinin 6kstirme kuvvetinin saglikli bireylere gére daha kot oldugu goraldu. Ayrica,
Oksurme kuvveti egzersiz kapasitesini ve yasam kalitesini olumsuz etkiledigi icin dederlendirme parametrelerine
Oksuruk kuvveti eklenmelidir.

Anahtar kelimeler: Brongektazi, 6ksirme kuvveti, tepe oksurik akimi, egzersiz kapasitesi, yasam kalitesi.
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Introduction

Bronchiectasis is  characterized by
enlargement of the airways and thickening
of the bronchial wall; it occurs together with
chronic cough and sputum complaint [1].
The cough-operated mucociliary clearance
mechanism constitutes the normal defense
mechanism of the lungs. Mucociliary clearance
depends on the harmonious action of the cilia
and its effective interaction with mucins, one
of the proteins synthesized by epithelial cells
that form the upper viscous mucus layer in
the airways. The stickiness of mucins traps
particles, and the lower aqueous layer allows
the movement of the cilia [2]. A disrupted
mucociliary clearance mechanism in patients
makes the lungs vulnerable. A vicious cycle of
bacterial infection and inflammation begins with
secretion accumulation. Problems also occur in
effective coughing due to intense inflammation,
damage, and bronchial wall weakness. This
leads to problems in clearing secretions and
causes a decrease in flow [3]. As a result of
increased perception of dyspnea and decreased
expiratory airflow, exercise capacity may also be
reduced in patients with bronchiectasis [4]. The
decrease in exercise capacity is an important
finding to evaluate the relationship between
cough strength and exercise capacity.

Increased perception of dyspnea, symptoms
associated with the disease, especially cough,
and decreased exercise capacity negatively
affect the quality of life. It is important to
determine the relationship between cough and
quality of life, including harmony and integrity of
mental and physical health, because the quality
of life was found to be more important than the
deterioration in the lung function of the patient.
In fact, the main purpose of rehabilitation
programs is to improve the quality of life [5].

Coughis averyimportantsymptomin patients
with bronchiectasis and must be evaluated
during the medical follow-up. Previous studies
were conducted using questionnaires or by
assessing the number or severity of coughing
[6-8]. Studies evaluating the cough strength with
PCF were generally conducted to determine the
severity of neuromuscular diseases or to make
extubation/decannulation decisions in intensive
care [9, 10].
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This study aimed to evaluate the cough
strength in bronchiectasis patients. We also
planned to examine the relationship between
cough strength, exercise capacity and quality of
life.

Materials and methods

A total of 24 patients with bronchiectasis
aged more than 18 years, who were followed up
by the Pamukkale University, Chest Diseases
Polyclinic with the diagnosis of non-cystic
fibrosis (CF) bronchiectasis, who did not have
any other respiratory disease, who did not have
acute and/or chronic respiratory failure, and
who were cooperative and volunteered, besides
25 healthy volunteers of the same age and sex,
who had no known comorbidities, were included
in the study. The participants were divided into
two groups: the bronchiectasis group and the
healthy group.

The exclusion criteria for patients with
bronchiectasis were as follows: cor pulmonale
and/or heart failure, hemoptysis, acute
myocardial infarction, vertebral injury, any
health problems that prevented coughing, and
any problem in the musculoskeletal system
that prevented participation in the study and/or
presence of mobility problems. The exclusion
criteria for volunteers were as follows: Smoking,
any health problems that prevented coughing,
any problem in the musculoskeletal system
that prevented participation in the study and/or
presence of mobility problems, and any lung,
heart, systemic, orthopedic, and/or neurological
disease. Participants were informed about the
purpose and scope of the study, and written
consent was obtained from each participant.
This study was approved by the Pamukkale
University Ethics Committee, and the ethical
principles stated in the Helsinki Declaration
were followed during the study.

Study design

The participants’ demographic data were
recorded. Dyspnea perception was measured
with the Modified Medical Research Council
(MMRC) scale. Exercise capacity was evaluated
with the six minute walk test (6MWT). Cough
strength was assessed using a Mini-Wright™
peak flow meter (PFM) with a mouthpiece. The
quality of life was measured with the Leicester
Cough Questionnaire (LCQ) specific to cough.
The participants who met the inclusion criteria
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were questioned about their sociodemographic
characteristics through face-to-face interviews.

Respiratory function parameters were
measured and evaluated with the Jaeger brand
MasterScope device that could also be used for
body plethysmography to perform respiratory
function test. The patients were seated in a
comfortable position, after which they were put
on a nose clip to perform a forced vital capacity
(FVC) maneuver, for measuring respiratory
function parameters. During this maneuver, the
person first breathed calmly, and then he/she
was asked to take a deep and strong breath
and fill the lungs with air. Further, he/she was
asked to exhale quickly and powerfully until all
the air was out of the lungs. In evaluating the
pulmonary function test, the FVC maneuver
was repeated at least three times and the best
values were accepted. PFT measurements
were recorded in the evaluation form for both
groups [11].

Cough strength (PCF), was evaluated with
a portable PFM device (Mini-Wright™ peak
flow meter) while the patients were in a sitting
position. After deep inspiration (after waiting
for at least 2 s), the peak expiratory flow (PEF)
they were able to reach with a strong coughing
maneuver was recorded. The PEF maneuver
lasted approximately 1 s as opposed to FVC.
Three measurements for cough strength
were repeated, while the highest value was
recorded; a 30-s pause occurred between each
measurement. The measurements were both
carried out with a mouthpiece [12, 13].

The patient's exercise capacity was
measured with the 6MWT. The standard test
protocol was applied in a continuous 30-m
corridor or in an open flat-floor area. A marker
was placed at every 3 m. The patients, who
wore comfortable clothes and shoes, were
given standard directions during the tests
orally. The heart rate and blood pressure
were measured before and after the test. In
addition, the dyspnea level was measured with
a Borg ruler and oxyhemoglobin saturation with
pulse oximetry (Pulsemed Finger Type Pulse
Oximeter Device). The walking distance was
recorded with a measuring stick [14].

The LCQ was used to measure quality of
life. The LCQ is a short, easy-to-administer,
and cough-specific health-related quality-of-

life questionnaire. The LCQ was self-directed
and included a 7-point Likert response scale;
it had 3 health areas (physical, psychological,
and social) and consisted of 19 items. It was
practical and short for clinical use. A high LCQ
score indicated a good health status. Its validity
and reliability were tested [15, 16].

The patient’'s shortness of breath was
evaluated with the MMRC scale. The scale
options were read to the patients, who were
then asked to select the most appropriate grade
that described his/her respiratory distress. The
MMRC scored from 0 to 4. A high MMRC score
indicated a more severe perception of shortness
of breath [17].

The Bronchiectasis Severity Index (BSI) was
used to determine the disease severity. The
BSI| evaluated age, body mass index (BMI),
FEV% (expected%), hospitalization, frequency
of exacerbation, number of lung lobes affected,
mMRC, and colonization. Patients’ results were
categorized as mild (KSE<4), medium (BSI 5-8),
and severe (KSE=9) according to the scoring
system [18].

Statistical analysis

The effect size obtained in the reference
study was strong (d=1.306). As a result of
power analysis made considering that a lower
effect size could be obtained, it was found that
when at least 46 people (at least 23 for each
group) were included in the study for the effect
size value at a strong level (d=1), 95% power at
a 95% confidence level could be obtained [19].

Statistical analyses were performed
using SPSS 25.0. Categorical variables were
defined by number and percentage. Continuous
variables were defined by the minimum -
maximum, medianandmeanz+standarddeviation.
Shapiro Wilk test was used for determination
of normal distribution. For independent group
comparisons, we used Independent samples
t test when parametric test conditions were
satisfied and Mann-Whitney U test when
parametric test conditions were not satisfied.
Pearson and Spearman correlation analysis
was used for analyzing the relationships
between continuous variables. The difference
between categorical variables were analyzed
with Chi-square analysis. Statistical significance
was determined as p<0.05.
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Results

The study included 24 (11 women and
13 men) patients with bronchiectasis and 25
(15 women and 10 men) healthy controls.
The comparison of the groups revealed no
significant difference in terms of age, height,
and BMI (p>0.05). A significant difference was
found between the groups in terms of respiratory
parameter results (p<0.05). The results are
shown in Table 1. The mean disease duration
of patients with bronchiectasis was found to be
25.394£17.12 years. The mean MMRC score
was 2.45+1.06.

Underlying etiologies of non-CF
bronchiectasis were idiopathic in 8 (33.3%),
infection in 4 (16.7%), tuberculosis in 1

(4.2%), and childhood infections in 4 (16.7%)
pneumoniain 4 (16.7%) tuberculosis 2 (8.2%) in
and whooping cough in 1 (4.2%). There were 12
(50%) mild, 10 (41.7%) moderate, and 2(8.3%)
severe patients according to the Bronchiectasis
severity Index.

The examination of the groups’ PCF,
6MWT, LCQ total score and subdimension
scores showed significant differences in favor
of the healthy group (p<0.05). The results are
shown in Table 2.

The relationships between PCF, 6MWT, LCQ
total score and subdimension scores, dyspnea
scores and disease duration of bronchiectasis
patients are shown in Table 3.

Table 1. Mean values (mean + SD) and ranges of characteristics of spirometric and anthropometric

values in the bronchiectasis and healthy groups

Variables Bronchiectasis group (n=24) Healthy group (n=25) P
MeantSD Median (min-max) MeantSD Median (min-max)

Age (year) 51.75+4.28 55 (22-70) 50.84+10.18 48 (30-67) 0.610%
Height (cm) 165.75+8.4 166.5 (150-180) 165.32+£9.11 169(150-180) 0.888§
Weight (kg) 71+12.69 70 (43-94) 69.28+11.03 68 (46-94) 0.624§
BMI (kg/m?) 25.94+4.83 25.73(15.99-34.11)  25.35+3.42 25.29(15.92-32.53)  0.603§
FEV1 1.71£0.88 1.35 (0.72-3.86) 2.78+0.67 2.75 (1.31-3.72) 0.000%
FEV1% 58.03+23.71 55 (23-106) 87.76+9.29 89 (64-100) 0.000§
FVC 2.35+1.01 2.26 (0.80-4.81) 3.36+0.84 3.24 (1.64-4.92) 0.001§
FVC% 66.57+21.22 65 (23-107) 90.68+11.13 92 (69-111) 0.000§
FEV1/FVC 71.05+£15.14 75 (37-91.42) 82.7045.56 81 (74-97) 0.002§
PEF 4.07+2.03 3.30 (1.10-8.03) 5.97+1.40 5.56 (4.03-8.90) 0.002§
PEF% 54.77+23.62 56.5 (16-106) 79.0419.82 79 (62-103) 0.000§
Sex n % n % p
Female 11 45.8 15 60

Male 13 54.2 10 40 0.321]]

'p<0.001, T p<0.05, $: Mann Whitney U test, §: Independent samples t test, ||: Chi Square test. SD: Standart deviation, BMI: Body mass index
%: Percentage, FEV1: Forced expiratory volume in first second, FEV1/FVC: Tiffeneau index,FVC: Forced vital capacity,

PEF: Peak expiratory flow

Table 2. Comparison of mean values (+SD) of PCF, 6MWT, and LCQ total score and subcategories

between the bronchiectasis and healthy groups

Variables Bronchiectasis group (n=24) Healthy group (n=25) p
MeantSD Median (min-max) MeanzSD Median (min-max)
PCF (L/m) 323.12+142.46 300 (150-700) 493.6+103.51 500 (350-750) 0.000t
6MWT (m) 386.02+143.06  395.78 (20-608.92) 589.41+83.58 582 (450-770) 0.000%
LCQ total score 11.1615.12 10.35 (3.89-20.09) - - -
LCQ Psychosocial 3.66+1.63 3.5(1.14-6.71) - - -
LCQ Social 3.54+1.78 3.25 (1-6.5) - - -
LCQ Physical 35+1.9 3.5 (1.25-6.88) - - -

‘p<0.001, t: Mann Whitney U test, 1: Independent samples t test, SD: Standart deviation, PCF: Peak cough flow, BMWT: Six minute walk test
LCQ: Leicester Cough Questionnaire
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Table 3. Relationship between PCF, 6MWT, LCQ total score and subcategories, duration of iliness,
disease severity, and dyspnea in the bronchiectasis group

Variables PCF
r P

6MWT (m) 0.780 0.000§
LCQ total score 0.885 0.000%
LCQ Psychosocial 0.886 0.000%
LCQ Social 0.888 0.000§
LCQ Physical 0.832 0.000%
BSI -0.619 0.001§
MMRC -0.794 0.000§
Duration of iliness (year) -0.209 0.326%

'p<0.05, T p<0.001; PCF: Peak cough flow, BMWT: Six minute walk test; LCQ: Leicester cough.questionnaire
BSI: Bronchiectasis severity index, MMRC:.Modified.medical research council; §: Spearman correlation coefficient

1: Pearson correlation coefficient

Discussion

Cough is a serious problem in patients with
bronchiectasis. Studies showed that the cough
strength could be measured with a portable
PFM in evaluating respiratory muscle strength
that provides the efficiency of coughing and
mucus clearance in neuromuscular diseases.
However, these studies were generally used
to determine the termination of mechanical
ventilation in intensive care units or for follow-
up in neuromuscular diseases [9, 10, 19]. No
previous study evaluated cough strength using
a PFM in patients with bronchiectasis. Studies
on patients with bronchiectasis and other
respiratory diseases were mostly conducted with
questionnaires to evaluate cough frequency,
severity, and sensitivity of the underlying cough
reflex [6-8].

One study reported that the orally applied
PFM method was an easy and accurate
method of measuring cough flow because
the intubation tube passed the glottis space
[9]. Although the measurements were made
through a mouthpiece connected to the tracheal
tube, no clear information was available about
the position of the patient. The participants
in the present study were cooperative and
had no orthopedic problems. Therefore,
the measurements were made in a sitting
position with the spine kept vertical, where
lung ventilation could be provided under the
most ideal conditions. In addition, the patients
placed the instrument in their mouth after deep
inspiration, and the measurement was taken
with the “Cough” command, which helped

capture the measurement in the expressive
phase of the cough. This way we were able
to catch the glottis opening immediately after
closing, which suggested that the glottis factor
did not affect the cough flow rate measurement
result.

In addition, a significant relationship was
found between exercise capacity, quality of
life, mMRC, and BSI in both measurements.
The data obtained from this study supported
the view that the PFM provided sufficient and
consistent information about cough strength
in patients with bronchiectasis by measuring
the cough flow rate. A study comparing cough
flow velocity in healthy individuals with that
in patients with neuromuscular diseases
measured once using the portable PFM and
then by pneumotachograph reported no large
difference between the measurement results
of the two devices, and that the PFM could be
easily used in the clinic [13].

An inverse relationship was observed
between cough strength and dyspnea and
disease severity in the present study. This
indicated that the cough strength decreased as
the severity of the disease increased. Likewise,
the cough strength decreased as the severity
of dyspnea increased. No relationship between
the duration of disease and cough strength was
found. The reason for the lack of relationship
might be factors other than the duration of the
disease on the severity of the disease [20].

Studies involving field intraoral pressure
measurements were used for measuring
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respiratory muscle strength. Cough strength,
which reflected the role of respiratory muscles
more functionally and whose importance was
emphasized clinically in the prevention of
pulmonary complications, was not evaluated
much; also, its relationship with exercise
capacity was not examined. Chronic cough,
sputum production, recurrent infections, and
airway obstruction are common symptoms in
patients with bronchiectasis [1]. Shortness of
breath and fatigue are important symptoms that
limit the activity of a person in daily life, and
exercise capacity is also lower than expected in
these patients [21].

Respiratory muscles play an important
role in observing functional limitations and
symptoms related to chronic respiratory
diseases. The disparity between workload
and capacity of the muscle, which develops
due to the weakness of inspiratory muscle
strength, can result in dyspnea and a decrease
in exercise capacity. In the case of decreased
expiratory muscle strength, effective cough is
eliminated and problems related to the release
of secretions occur [22, 23]. This may reduce
exercise capacity in patients with bronchiectasis
with increased perception of dyspnea and
expiratory flow limitation [4] Symptoms such as
excessive sputum production, ineffective cough
with inadequate sputum discharge, dyspnea,
and decreased muscle strength in patients
with bronchiectasis negatively affect exercise
capacity [4, 24]. Exercise tests are a key
approach to evaluating the effects of treatments
on function in patients. The 6MWT, evaluating
exercise capacity, is the most used test. The
present study found that patients diagnosed
with bronchiectasis had lower exercise capacity
compared with healthy individuals, and a
high correlation existed with cough strength.
Measuring the patient's exercise capacity is
also a key approach to evaluating the effects of
treatment on function. In this context, we think
that using a PFM is an appropriate method in
the follow-up and treatment of patients.

Like reduced exercise capacity, shortness
of breath has more than one cause; possible
causes include varying pulmonary mechanics,
insufficient gas exchange, decreased muscle

mass, and accompanying psychological
morbidity [3]. Decreased exercise capacity
is closely related to increased dyspnea
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perception scores. The vicious cycle in
disease pathogenesis also manifests itself in
symptoms. Increasing dyspnea limits exercise
capacity and negatively affects the quality of
life, whereas decreased exercise tolerance
leads to a decrease in the perception threshold
of dyspnea. Dyspnea is a symptom observed
in patients with bronchiectasis; some studies
showed that it is one of the factors affecting
exercise capacity [4]. The present study showed
a strong negative relationship between cough
strength and dyspnea.

Quality-of-life measures can be used to
facilitate communication with patients and
inform them about the problems affecting
them. Questionnaires can be comprehensive
and disease-specific. General quality-of-
life questionnaires regarding the respiratory
system, for example, St. George’s Respiratory
Questionnaire, identify various problems
affecting patients but do not evaluate the
effect of cough [15]. Cough-specific, health-
related quality-of-life questionnaires assess
aspects of cough severity that are important
to patients. They should be short, easy to
implement, and well verified. The LCQ was
used to evaluate coughing in previous studies.
It is a symptom-specific questionnaire aiming to
evaluate the physical, psychological, and social
effects of chronic cough, the main symptom of
bronchiectasis; its validity and reliability testing
was performed in patients with bronchiectasis.
It was used to evaluate cough in studies
conducted on patients with bronchiectasis [16].
Therefore, the LCQ was used in the present
study specifically cough. A high correlation was
found between PCF and LCQ scores. Insufficient
cough negatively affected exercise capacity
over time because of secretion accumulation
and restriction of expiratory airflow. Quality of life
and exercise capacity were affected in patients
with bronchiectasis with increased perception of
dyspnea and limitation of expiratory flow.

Taking the patient’s perspective into account
when assessing the quality of life is what can
enable the patient and the physician to reach
a consensus on the health impact of the
disease and treatment choices. In addition,
an objective and correct assessment of cough
may be a guiding factor in the diagnosis
and treatment. Predicting pharmacological
responses to antitussive therapies can provide
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useful guidance for treatment. Also, a study
conducted on patients with COPD reported that
an increase in cough strength was achieved
at the end of a 4-week rehabilitation program
[25]. When looking at the issue from this angle,
it can be said that cough strength can be used
for the follow-up of rehabilitation programs. We
think that the use of a PFM together with cough-
specific quality-of-life questionnaires may be
very effective in the follow-up of the disease.

The strength of our work, our study is the
first study that objectively evaluates coughing
in patients with bronchiectasis. Studies were
mostly evaluated with questionnaires or
subjective methods. In our study, we evaluated
both subjectively and objectively and looked at
the relationship between them. We have shown
that with the PFM, clinical evaluation can be
made both quickly and objectively. The limitation
of our study, although our power analysis was
adequate, it would be better to evaluate more
patients.

In conclusions, cough strength negatively
affects quality of life and exercise capacity.
In addition, since the cough strength is lower
than in healthy individuals, it is very important
to evaluate the cough strength in patients with
bronchiectasis. PFM is an easy-to-use, portable,
objective, and cheap device. We have shown in
our study that this can be done with the PFM.
We think that a PFM is a useful tool for both
physicians and physiotherapists to follow up on
the patient’s clinical and rehabilitation programs.

Conflict of interest: The authors declare that
they have no conflict of interest.
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