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BACKGROUND: Age- and lifestyle-related changes in respiratory and physical function affect
cough strength. However, in older adults, the main factors that relate to cough strength remain
unclear. This study was a preliminary investigation of factors that contribute to cough strength and
the relationships between cough strength and respiratory function, physical performance, physical
activity, and sedentary behavior in community-dwelling older adults. METHODS: By using accel-
erometers and other tools, we assessed cough peak flow (CPF), FVC, maximum inspiratory pres-
sure (Py,,.,), maximum expiratory pressure (Pg,,..), chest and abdominal wall mobility (breathing
movement scale), physical performance (Timed Up and Go test and 30-s chair stand test), physical
activity (steps, and locomotive and non-locomotive moderate-to-vigorous physical activity), and
sedentary behavior (sedentary time) in 65 community-dwelling older adults (25 males and 40 fe-
males) without air-flow limitation. RESULTS: Twenty-six percent of the subjects (17/65) had
reduced CPF (<240 L/min). The subjects with reduced CPF had significantly lower FVC, Py,....
Pimaxs chest and abdominal wall mobility, physical performance, and locomotive moderate-to-
vigorous physical activity compared with those with non-reduced CPF. Significant correlations
between CPF and variables of respiratory function (FVC, Py, Prmax and breathing movement
scale) and physical performance were weak to moderate. FVC and Py, were independently
associated with CPF during the multiple regression analysis adjusted for sex, age, and height. The
receiver operating characteristic analysis showed that FVC and Py, ., had fair-to-good sensitivity
for detecting reduced CPF. CONCLUSIONS: Analysis of our results indicated that FVC and Py,
were related to CPF and provided preliminary evidence that supported strategies for preserving
and improving cough strength in community-dwelling older adults. Key words: cough; pulmonary
function; physical performance; physical activity; sedentary behavior; older adults. [Respir Care
2019;64(7):828-834. © 2019 Daedalus Enterprises]

Introduction

Cough is an important defensive mechanism to protect
and clear the airways.! Cough occurs as a consequence of
aspiration, inhaled material, accumulated secretions, and
inflammation. However, in older adults, age-related cough
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reflex changes can increase the risk of lung infection and
aspiration pneumonia. Pneumonia is the third leading
cause of death in Japan (http://www.mhlw.go.jp/english/
database/db-hh/1-2.html. Accessed June 27, 2018). In older
adults, most instances of pneumonia are related to aspira-
tion. Impaired cough can contribute to the development of
aspiration pneumonia in older adults.? Cough strength, fre-
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CPF AND RESPIRATORY AND PHYSICAL PARAMETERS

quently expressed as CPF, is a good predictor of pulmo-
nary complications in patients with dysphagia.?

Effective cough depends on sufficient respiratory mus-
cle strength to increase lung volume and promote high
expiratory flow.! Respiratory muscle strength and lung
volume decline with age, and respiratory muscle weakness
and reduced chest and abdominal wall mobility limit lung
volumes.*> Reduced lung volume restricts the volume of
air that can be inhaled, which reduces positive intratho-
racic pressure, which, in turn, diminishes CPF.4¢ In ad-
dition to age-related effects, poor physical performance
and physical inactivity have an adverse impact on respi-
ratory muscle strength’% and lung volumes!®!! in older
adults. One study showed that active older adults, classi-
fied by self-report questionnaires, had higher CPF and
respiratory muscle strength.'? Thus, physical performance,
physical activity, and sedentary behavior potentially affect
CPF in older adults. However, in older adults, the rela-
tionship between CPF and respiratory function, physical
performance, physical activity, and sedentary behavior ne-
cessitates further investigation.

Physical activity and sedentary behavior are typically
assessed by using self-report methods. However, self-re-
port questionnaires are subject to recall bias, particularly
among older adults who tend to overestimate their physi-
cal activity compared with objective measures (eg, accel-
erometers).'3 Objective measures of physical activity and
sedentary behavior are more accurate and, therefore, more
meaningful contributors to examinations of older adults.
Thus, objective assessments of physical activity and sed-
entary behavior may help identify factors that affect CPF
and formulate strategies for mitigating the risk of pulmo-
nary complications in older adults. Therefore, this was a
preliminary investigation of factors that contribute to CPF
and the relationships between CPF and respiratory func-
tion, physical performance, physical activity, and seden-
tary behavior in older adults.

Methods
Participants

Sixty-nine community-dwelling, ambulatory older adults
ages =65 y from community-based organization in Okawa,
Japan, from May to July 2017 participated in this study.
We excluded individuals with lung disease or neurologic
diseases, air-flow limitation, body mass index > 30 kg/m2,
and cognitive disorders that impeded direction-following
abilities. The remaining 65 individuals (25 males and 40 fe-
males) with at least 4 valid days of accelerometer data
(=10 h of wear time per day) were included in this study.
The sample size calculation of 57 participants was based
on our previous study, which showed a large effect size,'*
when considering 10 variables, power of 80%, a = 0.05,
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QUICK LOOK

Current knowledge

Impaired cough can contribute to the development of
aspiration pneumonia in older adults. Cough strength,
frequently expressed as CPF, is a good predictor of
pulmonary complications. Studies have shown associ-
ations between CPF and age- and lifestyle-related
changes in respiratory and physical functions.

What this paper contributes to our knowledge

In ambulatory community-dwelling older adults, FVC
and maximum inspiratory pressure were independently
associated with CPF and had fair-to-good sensitivity for
detecting reduced CPF (<240 L/min). Our findings in-
dicate that lung volume and maximum inspiratory
strength may assist efforts to establish a strategy for
preserving and improving cough strength in older adults.

and f> = 0.35 for the multiple regression analysis. The
effect size f> for multiple regressions was defined as the
following: f> = R%(1 — R?), where R? was the squared
multiple correlation coefficient. This study was approved
by the ethics committee of the International University of
Health and Welfare (17-Ith-02), and all the participants
provided their written informed consent.

Cough Strength

Cough strength, as estimated by CPF, was assessed by
using an oronasal mask connected to a portable peak flow
meter (Access Peak Flow Meter, Philips Respironics, Mur-
rysville, Pennsylvania). The subjects were seated and in-
structed to perform a volitional, maximum effort cough
after inspiration to total lung capacity. CPF was measured
3 times with the subject in the sitting position, and the
highest value was recorded. A CPF of <240 L/min was
regarded as reduced because a previous study found that
this flow was the cutoff value (CPF cutoff value of 242 L/
min) for identifying patients with dysphagia who were at
risk for aspiration pneumonia.3

Spirometry

FVC and FEV,/FVC were measured by using a spirom-
eter (Spirobank, Medical International Research, Rome,
Italy). All measurements were performed according to the
American Thoracic Society and European Respiratory So-
ciety guidelines.!> The diagnostic spirometry threshold for
the lower limit of normal is the fifth percentile of distri-
bution based on the reference equations derived by using

829



CPF AND RESPIRATORY AND PHYSICAL PARAMETERS

the Lamda-u-Sigma method.'® Air-flow limitation was de-
fined as FEV /FVC less than the lower limit of normal.
FVC and FEV /FVC were measured 3 times with the sub-
ject in the sitting position, and the highest value was re-
corded. FVC percentage of predicted was calculated by
using predicted reference values.

Respiratory Muscle Strength

Respiratory muscle strength was assessed by measuring
the maximum inspiratory pressure (P,.,) and the maxi-
mum expiratory pressure (Pg,,..) by using a pressure ma-
nometer (MicroRPM, CareFusion, Hoechberg, Germany).
P and Pg .. were measured with the subject in the
sitting position and starting from residual volume and total
lung capacity, respectively, according to the American Tho-
racic Society and European Respiratory Society guide-
lines.!” Measurements were repeated at least 3 times, and
the highest value was recorded.

Chest and Abdominal Wall Mobility

Chest and abdominal wall mobility was assessed by
using the breathing movement scale for deep breathing.'8
The breathing movement scale evaluates chest and abdom-
inal wall movements during deep breathing, on a scale of
0-38. On the breathing movement scale, reduced mobility
is indicated by less than the lower limits of deep breathing
movements in healthy adults (scale value of <4). Scale
values were measured by using a custom-made breathing
movement measuring device (Pacific Medico, Tokyo, Ja-
pan) according to a previous study.'® The subjects were
placed in the supine position. Breathing movements, which
ranged from the end of maximum expiration (residual vol-
ume) to maximum inspiration (total lung capacity), were
measured at 5 observation points in 3 regions: right and
left sides of the third rib (upper chest) and eighth rib
(lower chest), along the vertical line through the medial
one third of the clavicle, and the mid point between the
xiphoid process and umbilicus (abdomen) along the ver-
tical line through the umbilicus. The measurements were
performed at least twice, and we recorded the maximum
value in each region. For the upper and lower chest re-
gions, we recorded the averages on the right and left sides.
In addition, we calculated the total scale value of the 3 re-
gions (0-24).

Physical Performance

Physical performance was estimated by the Timed Up
and Go test'? and the 30-s chair stand test.2° The Timed Up
and Go test is a screening tool that evaluates gait and
balance, and is used to predict fall risk. Timed Up and Go
time was measured as the time taken, in seconds, to stand
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up from an armless chair, walk at maximum speed for 3 m,
turn around a cone, walk back, and sit down in the chair.
The fastest time was recorded for 2 trials. The 30-s chair
stand test assesses lower body functional performance.
The subjects were asked to perform as many chair stands
as possible in 30 s, after a practice trial, to check proper
form. Full stands that were completed in 30 s, with arms
folded across the chest, were counted.

Physical Activity and Sedentary Behavior

Physical activity and sedentary behavior were measured
by using a tri-axial accelerometer (Active style Pro HJA-
750C, Omron Healthcare, Kyoto, Japan). The accelerom-
eter counted steps and recorded physical activity in met-
abolic equivalents for 10-s epochs. Each subject was
instructed to wear the accelerometer on the left or right
side of his or her waist for at least 7 consecutive days
while awake (except during bathing and showering). Non-
wear time was defined as an interval of at least 60 con-
secutive minutes of zero physical activity level. The phys-
ical activity data processing algorithm classified activities
into either locomotive or non-locomotive.?! We calculated
locomotive and non-locomotive moderate-to-vigorous
physical activity (metabolic equivalents, h/d). Sedentary
time (h/d) was defined as the time of =1.5 metabolic
equivalents of non-locomotive physical activity. We cal-
culated percentage sedentary time as a proportion of total
sedentary time to total wear time.

Statistical Analysis

Data were summarized as mean * SD for continuous
variables, median (range) for ordinal variables, and num-
bers for categorical variables. Normal distributions of vari-
ables were verified by using the Shapiro-Wilk test. Differ-
ences between the subjects with reduced CPF and non-reduced
CPF were assessed by using unpaired ¢ tests or Mann-
Whitney tests. Categorical variables were compared by
using the Fisher exact test. Respiratory function, physical
performance, physical activity, and sedentary behavior vari-
ables that were significantly associated with CPF, as de-
termined by the Pearson correlation coefficient, were se-
lected and subjected to multiple linear regression analysis
to identify significant independent factors that related to
CPF, after adjusting for sex, age, and height, as possible
confounders.

Residual analyses were conducted to confirm the nor-
mality, linearity, and equal variance of the regression model.
The receiver operating characteristic curve identified a cut-
off value for the independent variables that discriminated
between reduced CPF and non-reduced CPF. Cutoff val-
ues were calculated to optimize the sensitivity and speci-
ficity. The area under the curve was calculated to assess
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Table 1.  Subject Characteristics

CPF
Variables Total (N = 65) P
Reduced (n = 17) Non-Reduced (n = 48)
Age, y 78 £6 81 £6 77 £6 .02
Males/females 25/40 2/15 23/25 .009%*
Height, mean = SD m 1.54 = 0.08 1.50 = 0.09 1.56 = 0.07 .01
Weight, mean = SD kg 54495 504 99 559 9.1 .042
BMI, mean = SD kg/m? 228 3.4 222 *34 229 +£34 45
CPF, mean *= SD L/min 314 £ 113 196 = 33 356 = 100 <.0017%
FVC, mean = SD L 2.37 £0.67 1.84 £ 0.56 2.55 £0.61 <.001%
FVC, mean = SD %predicted 90.7 = 17.2 80.9 = 18.2 942 = 15.6 .005
FEV,/FVC, mean = SD % 77179 79.8 £ 8.6 76.2 £ 7.5 A1
Pimax> mean = SD cm H,O 52.3 £26.6 40.0 = 20.5 56.7 £27.3 017
Pemaxs mean = SD cm H,O 77.5 £34.0 60.1 =258 83.7 = 34.6 .006%
Breathing movement scale (0-24), median (range) 13 (7-18) 11 (8-17) 14 (7-18) .045
Timed Up and Go test, mean = SD s 73=*25 8.7 x4l 6.7*13 .005
30-s Chair stand test, mean = SD, n 18.1 = 4.5 154 +42 19.0 =42 .003
Steps, mean = SD steps/d 4,156 *+ 2,828 3,602 + 2,365 4,352 + 2,972 37+
Moderate-to-vigorous physical activity,
mean = SD metabolic equivalents h/d

Locomotive 1.1£1.6 0.7 £0.7 1.2+ 1.8 042

Non-locomotive 29=*1.8 24+ 14 3.1 1.8 217
Sedentary time, mean = SD h/d 82 *20 8.6+ 19 8.0*x2.0 567
Sedentary time, mean = SD % 57.6 = 13.7 59.8 = 12.7 56.9 + 14.1 Bl

* Fisher exact test.

 Mann-Whitney test.

+ Proportion of total sedentary time to total wear time.
BMI = body mass index

Pimax = maximum inspiratory pressure

Pgmax = maximum expiratory pressure

the abilities of independent variables to distinguish re-
duced CPF. The area under the curve was compared by
using the method of DeLong et al.?? All the tests were
2-tailed, and statistical significance was set at P < .05.
Statistical analyses were performed by using IBM SPSS
Statistics for Windows, version 24 (IBM, Armonk, New
York) and R version 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria; https://www.r-project.org.
Accessed October 27, 2016).

Results

Subject characteristics are summarized in Table 1. Of
the subjects, 26% (17/65) had reduced CPF. Subjects’ av-
erage total wear time during waking hours was 14.2 h/d.
The anthropometric data were significantly lower in the
subjects with reduced CPF compared with those with non-
reduced CPF. All respiratory function and physical per-
formance variables, except FEV /FVC, were lower in the
subjects with reduced CPF compared with those with non-
reduced CPF. There were no significant differences in
physical activity and sedentary behavior between the sub-
jects with reduced and the subjects with non-reduced CPF,
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with the exception of locomotive moderate-to-vigorous
physical activity.

The results of the correlation analysis between CPF and
the other variables are shown in Table 2. FVC, P ..
P axe Dreathing movement scale, Timed Up and Go test,
and the 30-s chair stand test were significantly correlated
with CPF. During multiple linear regression analysis with
a dependent variable (CPF) and independent variables
(FVC, Pp,ux Pemaxe Dreathing movement scale, Timed Up
and Go test, and 30-s chair stand test), FVC and Py, were
independently associated with CPF (Table 3). Receiver
operating characteristic curves showed that the areas under
the curve for FVC and Py, were 0.81, with a cutoff value of
< 2.05 L (sensitivity, 82%; specificity, 75%); and 0.70, with
a cutoff value of 47 cm H,O (sensitivity, 76%; specificity,
60%), respectively (Table 4). There was no significant dif-
ference in the area under the curve between FVC and Py, ..

Discussion
The major finding of this study was that FVC and Py,

were associated with CPF; also, FVC had good sensitivity
for detecting reduced CPF in ambulatory community-
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Table 2.  Correlation Coefficients Between CPF and Variables of
Respiratory Function, Physical Activity, and Sedentary
Behavior (N = 65)

Variable Correlation Coefficient (95% CI) P
FvC 0.53 (0.33-0.69) <.001
Plmax 0.49 (0.28-0.66) <.001
Pemax 0.41 (0.19-0.60) .001
Breathing movement scale 0.32 (0.09-0.53) .02
Timed Up and Go test —0.30 (—0.50 to —0.05) .006
30-s Chair stand test 0.38 (0.16-0.57) .006
Steps 0.14 (—0.11 t0 0.37) 28
Moderate-to-vigorous
physical activity
Locomotive 0.10 (—0.15 t0 0.33) 43
Non-locomotive 0.18 (—0.07 to 0.40) .16
Sedentary time —0.15 (—0.39 to 0.08) .28
Percent sedentary time* —0.11 (=0.34 t0 0.14) .39

* Proportion of total sedentary time to total wear time.
Pimax = maximum inspiratory pressure
Pgmax = maximum expiratory pressure

Table 3.  Results of Multiple Regression Analysis to Detect
Independent Variables of CPF With Sex, Age, and Height
as Covariates (N = 65)

Model B (95% CI) pop g Aduged
1 0.34 0.30
Sex 78.9 (15.6-142.1) 034 .02
Age —0.17 (—4.73 t0 4.38) —0.01 .94
Height 0.41 (—3.87 to 4.95) 0.02 .98
Ppox 1.51 (0.49-2.53) 036 .004
2 0.40 0.35
Sex 43.6 (—253to 112.4) 0.19 21
Age 1.70 (—3.01 to 6.42) 0.09 47
Height —1.51(—5.54t02.52) —0.10 .46
Ppax 1.28 (0.27-2.29) 030 .01
FvC 62.9 (6.7-119.0) 0.38 .036
Sex was coded as 1 = male and 0 = female.

Pimax = maximum inspiratory pressure

dwelling older adults without air-flow limitation. Previous
studies showed that FVC and P, were associated with
CPF in older adults'4 and subjects with Duchenne muscu-
lar dystrophy.?3-2* These findings were consistent with our
results. Conversely, chest and abdominal wall mobility
and physical performance variables that were significantly
correlated with CPF were not selected as independent pre-
dictors. Analysis of these results indicated that lung vol-
ume and inspiratory muscle strength may be important
factors that relate to CPF and may assist efforts to estab-
lish a strategy for preserving and improving CPF in com-
munity-dwelling older adults without air-flow limitation.
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The FVC cutoff value of 2.05 L showed high sensitivity
(82%) and negative predictive value (92%) for predicting
reduced CPF. This cutoff value was equivalent to that of a
past study in which an FVC > 2.1 L was associated with
an effective cough (CPF > 270 L/min) in subjects with
Duchenne muscular dystrophy.?? Although criteria for ef-
fective CPF differ, these findings indicated that adequate
FVC is important for producing effective cough. In the
present study, 88% of the subjects with reduced CPF
(15/17) were older females and 65% of those subjects
(11/17) showed no restrictive pattern on spirometry. Thus,
in this cohort, reduced FVC seemed to relate to age-related
declines rather than the presence of respiratory disorders.
Analysis of these results indicated that smaller stature,
older females with smaller predicted FVCs may be partic-
ularly vulnerable to cough strength declines.

In addition, we found no significant difference in the
area under the curve between FVC and Py, although the
P cutoff value of 47 cm H,O showed slightly lower
sensitivity (76%) and negative predictive value (88%). Pre-
vious studies reported that the capacity to generate cough
air flow correlated with Pg, ., in patients with neuromus-
cular disease.?>2¢ In the present study, we observed a sig-
nificant moderate association between CPF and Pg,...
However, the expiratory flow reductions caused by muscle
weakness were minimal compared with those related to a
lack of positive intrathoracic pressure.?” Furthermore, stud-
ies have demonstrated that CPF is independently associ-
ated with Py, in older adults,'* patients with neuromus-
cular diseases,?*23 and spinal cord injuries.?® These findings
are in agreement with our observations. Inspiratory muscle
weakness limits inhalation of large air volumes during the
inspiratory cough phase. Diminished lung volumes, sec-
ondary to inspiratory muscle weakness, decrease elastic
recoil and expiratory pressure, and thereby reduce expira-
tory flow.! This is probably why P;,... and FVC were
selected as independent variables that relate to CPF and
could predict reduced CPF in older adults.

However, chest and abdominal wall mobility and phys-
ical performance showed significant weak correlations with
CPF. These results partially supported our hypothesis. How-
ever, chest and abdominal wall mobility and physical per-
formance likely affect CPF indirectly via their more direct
effects on lung volumes and respiratory muscle strength.
In addition, there were no significant associations between
CPF and physical activity or sedentary behavior. Frei-
tas et al'?> showed that an active lifestyle, assessed by a
self-report questionnaire, was associated with increased
CPF. Similarly, we found a significant difference in loco-
motive moderate-to-vigorous physical activity between the
subjects with reduced and the subjects with non-reduced
CPF but not a significant association between this variable
and CPF.

RESPIRATORY CARE e JuLY 2019 VoL 64 No 7



CPF AND RESPIRATORY AND PHYSICAL PARAMETERS

Table 4.  Diagnostic Accuracy of P, and FVC in Detecting Reduced CPF
AUC " % Sensitivity % Specificity % PPV % NPV
Parameter Cutoff Value (95% CI) P (95% CI) (95% CI) (95% CI) (95% CI)
Pirax. cm H,O 47 0.70 (0.56-0.85) .10 76 (50-93) 60 (45-74) 41 (24-59) 88 (72-97)
FVC, L 2.05 0.81 (0.69-0.93) ND 82 (57-96) 75 (60-86) 54 (33-73) 92 (79-98)

* Comparison of AUC values of Py, and FVC.
Plmax = Maximum inspiratory pressure

AUC = area under the curve

PPV = positive predictive value

NPV = negative predictive value

ND = no data

This discrepancy might have resulted from different as-
sessment methods. That is, in older adults, self-report ques-
tionnaires tend to overestimate physical activity due to
recall bias. To our knowledge, the results regarding the
relationship between CPF and physical activity and sed-
entary behavior were previously unreported. Analysis of
these results indicated that physical activity and sedentary
behavior were unlikely to be independently associated with
CPF in older adults. In a study that showed evidence of a
significant relationship between locomotive moderate-to-
vigorous physical activity and physical performance in
older adults, the significant difference in locomotive mod-
erate-to-vigorous physical activity between the subjects
with reduced and those with non-reduced CPF might relate
to their respective physical performance.3®

The present study found that 26% of the subjects had
reduced CPF. Our study indicated that 16% (23/120) (of the
males, 12% [5/43]; and of the females, 23% [18/77]) of
older adults without air-flow limitation exhibited CPF of
<240 L/min.'* Identifying the prevalence of reduced CPF
in older adults was beyond the scope of this study. How-
ever, these findings indicate that older adults, particularly
older females, are at increased risk of diminished cough
function and increased risk of aspiration pneumonia when
dysphagia exists as a concomitant condition. In our pre-
vious investigation, more adults with reduced CPF (20.7%)
than without reduced CPF (4.2%) exhibited impaired swal-
lowing function (eg, swallowing disorder or dysphagia).'4
Therefore, CPF measures may help older adults under-
stand their respiratory status and promote efforts to im-
prove voluntary cough function.

We did not assess reflex cough function; however, Kul-
nik et al®! reported that the CPF of a voluntary cough, not
a reflex cough, was significantly associated with a risk of
pneumonia in subjects with acute stroke and dysphagia. In
addition, the amount of time spent in sedentary behavior
might have been underestimated due to the limited assess-
ment period (=4 d),3? although physical activity was as-
sessed by using an objective method according to previous
studies.?3-34 Furthermore, it is possible that our findings,
obtained from a sample cohort, may not readily generalize
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to other community-dwelling older adults, although we
estimated our sample size based on previous results. Also,
the cross-sectional design of this study limited causal in-
ferences regarding the observed associations. Further lon-
gitudinal and well-powered studies are needed to identify
the causal relationship between CPF and its related vari-
ables in older adults.

Conclusions

FVC and P, ,, were independently associated with CPF,
and FVC had a good sensitivity for detecting the reduced
CPF in ambulatory community-dwelling older adults with-
out air-flow limitation. Results indicate that lung volume
and inspiratory muscle strength likely relate to cough
strength and may help inform strategies for preserving and
improving cough strength in older adults.
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