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Abstract 
Introduction: This study aimed to investigate the cough strength and respi-
ratory function as well as the factors affecting the cough strength of indepen-
dent elderly people. Methods and Results: A total of 36 elderly people parti-
cipated in this experiment, and two subjects with hypertension were ex-
cluded. All subjects were evaluated for vital capacity (VC), cough peak flow 
(CPF), and respiratory muscle strength by determination of the maximum 
inspiratory and expiratory pressure (PImax and PEmax, respectively) in a sit-
ting position. Each measurement consisted of three trials, and the maximum 
values were adopted for the analysis. The average value of CPF was 291.5 ± 
100.5 L/min. Moreover, 17 out of the 34 subjects had CPF < 270 L/min. A 
significant positive correlation was found between CPF and VC (r = 0.53, P < 
0.05). A significant negative correlation was found between age and CPF (r = 
−0.64, P < 0.05) and VC (r = −0.40, P < 0.05). No significant correlation was 
found between respiratory muscle strength (inspiratory muscle strength and 
expiratory muscle strength) and CPF. Conclusion: Elderly people who inde-
pendently perform their activities of daily living do not always have high 
coughing ability and may have reduced VC associated with reduced coughing 
ability. 
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1. Introduction 

In recent years, pneumonia has accounted for a large percentage of deaths in the 
elderly (Zalacain & Torres, 2004; Higuchi et al., 2007). One reason for this is the 
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decline in the host defense function. Coughing plays an important role in the 
host defense function through airway clearance by sputum expectoration. 
Forceful and effective coughing successfully removes invading organisms with 
respiratory tract secretions. Therefore, decreased cough capacity augments the 
risk of developing pulmonary complications (Higuchi et al., 2007; Smith Ham-
mond et al., 2001; Kimura et al., 2013; Mahajan et al., 1994). Prevention of 
pneumonia is important for maintaining health in independently living elderly 
people (Takeda et al., 2004; Graton & Grossman, 1993). 

Cough peak flow (CPF) is known to adequately reflect cough capacity. Bach et 
al. have reported that a CPF of ≤270 L/min during an infection and of ≤160 
L/min under normal conditions indicates that sputum expectoration is difficult 
for patients with neuromuscular disease (Bach & Saporito, 1996). Yamakawa et 
al. also reported that the levels of CPF for judging self-clearing ability and the 
necessity of suction were 240 L/min and 100 L/min for middle-aged and elderly 
patients in a hospital, respectively (Yamakawa et al., 2010). Furthermore, CPF is 
correlated with vital capacity (VC) and respiratory muscle strength (maximal 
expiratory mouth pressure: PEmax; maximal inspiratory mouth pressure: PI-
max) represented by maximal inspiratory mouth pressure (Kang et al., 2006; 
Park et al., 2010). Therefore, CPF is considered to be a simple and reliable indi-
cator for cough capacity and has been practically used in clinical settings for 
evaluating the cough capacity. Moreover, the routine activities of daily living 
(ADL) performed by the elderly can have an influence on their CPF (Yamashita 
& Ito, 2013). In addition, it is reported that 26% of community-dwelling elderly 
decreased CPF (Kaneko et al., 2019). There are some reports about CPF among 
those with disease; however, there are few reports regarding independent elderly 
people. Therefore, we investigated the cough strength and respiratory function 
as well as the factors affecting the cough strength of independent elderly people. 

2. Patients, Material and Methods 
2.1. Subjects 

We recruited elderly people aged >60 years who independently performed their 
ADL. A total of 36 elderly people participated in this experiment [male: 21; fe-
male: 15; age: 70.1 ± 7.3 years; weight: 59.4 ± 6.8 kg; height: 157.4 ± 7.1 cm; body 
mass index (BMI): 23.7 ± 2.2 kg/m2]. No subjects had a history of respiratory or 
cardiovascular disease, hypertension [resting systolic blood pressure (BP) ≥ 140 
mmHg and/or diastolic BP ≥ 90 mmHg], diabetes, or obesity (BMI ≥ 30 kg/m2), 
or a habit of smoking. Before participation, written consent was obtained from 
all subjects after a thorough written and oral explanation of the purpose, me-
thods, and risks of this study (Figure 1). The research ethics committee of Aino 
University approved this study protocol. 

2.2. Anthropometric Measurements and Confirmation of  
Activities of Daily Living 

We measured the weight, height, and BMI and confirmed ADL using Barthel 
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Index before the start of the experiment. 

2.3. Measurement of Vital Capacity, Cough Peak Flow and  
Respiratory Muscle Strength 

All the subjects who wore a nose clip were evaluated for VC and CPF using an 
electronic spirometer (AS-307, MINATO) with a mouthpiece in the sitting posi-
tion. The respiratory muscle strength was evaluated by determination of maxi-
mum inspiratory and expiratory pressure (PImax and PEmax, respectively), 
considered as the surrogate indices of inspiratory and expiratory muscle 
strength, which were evaluated using a sthenometer attached to a spirometer 
(AAM337, Minato, Osaka, Japan) based on the Black and Hyatt method (Black 
& Hyatt, 1969). For the seated measurement, the subjects sat on a backless chair 
and placed both of their hands on their thighs. Each measurement consisted of 
three trials, and the maximum values were adopted for the analysis. 

The measurement of VC and CPF was performed in the usual manner as 
mentioned elsewhere. In brief, after some practice, VC was determined while the 
subjects held the mouthpiece connected to the spirometer in their mouth and 
breathed slowly from the maximum inspiratory level to the maximum expiratory 
level. In regard to CPF, all subjects who held the mouthpiece were instructed to 
inhale as much as possible and then spontaneously cough with maximum effort 
(Figure 2). 
 

 
Figure 1. Flow diagram of study subjects. 

 

 

Figure 2. Measurements of vital capacity and cough peak flow. 
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2.4. Statistical Analysis 

All statistical analyses were performed using StatView (SAS Institute Inc., Cary, 
NC, USA), and all the values were shown as mean ± standard deviation. We 
conducted a Pearson’s correlation analysis of the relationship between CPF and 
age, VC, and respiratory muscle strength. P < 0.05 was considered statistically 
significant.  

3. Results 

We excluded two subjects with hypertension. We therefore analyzed the data of 
34 people (male: 19; female: 15; age: 69.5 ± 7.0 years; weight: 59.9 ± 6.7 kg; 
height: 158.0 ± 6.7 cm; BMI: 23.8 ± 2.2 kg/m2). All subjects’ Barthel Index scores 
were 100 points. The average value of CPF was 291.5 ± 100.5 L/min. Moreover, 
17 out of the 34 subjects had CPF < 270 L/min. A significant positive correlation 
was found between CPF and VC (r = 0.53), whereas a significant negative corre-
lation was found between age and CPF (r = −0.64) and VC (r = −0.40). Fur-
thermore, no significant correlation was found between respiratory muscle 
strength (inspiratory muscle strength and expiratory muscle strength) and CPF 
(r = −0.06 and r = 0.08, respectively) (Table 1, Table 2). 

4. Discussion 

In this study, the average CPF measured was above the limit of 270 L/min re-
quired for effective coughing (Bach & Saporito, 1996), although some of the val-
ues were below this point, indicating that some elderly people who are indepen-
dent in their daily lives may have expectorant dysfunction when a respiratory  
 
Table 1. The respiratory functions of the subjects. 

Number 34 

VC (L) 2.8 ± 0.5 

CPF (L/min) 291.5 ± 100.5 

PImax (cm H2O) 50.5 ± 11.1 

PEmax (cm H2O) 56.7 ± 13.5 

Values are means ± SD. Abbreviations: VC, vital capacity; CPF, cough peak flow; PImax, maximum inspi-
ratory pressure; PEmax, maximum expiratory pressure. 

 
Table 2. Relationships between CPF and parameters. 

 Correlation coefficient p value 

Age −0.64 p < 0.05 

VC 0.53 p < 0.05 

PImax −0.06 p > 0.05 

PEmax 0.08 p > 0.05 

Abbreviations: VC, vital capacity; CPF, cough peak flow; PImax, maximum inspiratory pressure; PEmax, 
maximum expiratory pressure. 
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tract infection occurs. The mechanism of coughing consists of the following 
three phases (Shannon et al., 1997): a large inhalation (inspiratory phase); a 
forced exhalation against a closed glottis (compressive phase); and an intense 
airflow from the lungs following opening of the glottis, usually accompanied by 
a peculiar sound (expulsive phase). Therefore, coughing is an action that re-
quires both an inhalation and an expiration function. Previous studies have re-
ported that with age, thoracic flexibility and VC decrease. Although we did not 
measure thorax flexibility in this study, we found a moderate negative correla-
tion between age and VC and CPF and a moderate positive correlation between 
VC and CPF. Therefore, it is considered that aging decreased the flexibility of 
the thorax, making it difficult to perform deep inspiration in the first phase 
during voluntary coughing and reduced coughing power. No significant correla-
tion was found between respiratory muscle strength (inspiratory muscle strength 
and expiratory muscle strength) and coughing in this study. As described pre-
viously, coughing may require inspiratory and expiratory functions, but the sub-
jects were elderly people who independently perform ADL and did not recognize 
the decrease in their respiratory muscle strength. These results suggest that the 
CPF decline in the elderly who independently perform ADL may have caused 
their decreased VC. 

On the basis of the results of this study, we found that even if a person can 
independently perform ADL, their coughing ability is not necessarily high. 
Therefore, an exercise program that not only improves limb muscle strength and 
ADL but also maintains and improves respiratory function, including coughing 
ability, is necessary to consider for health promotion. 

This study has some research limitations. It has been reported that VC is re-
duced in an individual with a circular posture (Leech et al., 1990; Culham et al., 
1994). In this study, the presence or absence of a spine malformation was ex-
amined by visual inspection, and no patient had apparent problems on their 
spine. Nevertheless, because the spine was not strictly examined with the use of a 
device, such as the SPINAL MOUSE (Index Ltd.), the possibility of the presence 
of a slight deformation in the patients cannot be denied. In addition, blood tests 
were not examined for checking the patients’ nutritional status. In actually, we 
did not confirm whether older people with low CPF could not expectorate. In 
the future, it is necessary to measure the CPF of elderly people who cannot ac-
tually expectorate and compare it with the data obtained in this study. Therefore, 
it is necessary to consider these limitations in the future. 
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