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ABSTRACT

Purpose: Chronic cough is a prevalent condition in the community and may pose
considerable impairment to quality of life (QoL). However, its disease burden remains largely
undefined in the general population. The present study investigated the relationship between
chronic cough and health-related QoL in a Korean nationwide population database, with an
emphasis on clinical conditions which may confound the impact of cough.

Methods: This study analyzed cross-sectional datasets of adults (aged > 40 years) in the
Korean National Health and Nutrition Examination Survey 2010-2016. Health-related

QoL was assessed using the 3-level EuroQoL 5-dimension component (EQ-5D-3L) index
score. The presence of chronic cough and other conditions were defined using structured
questionnaires.

Results: The prevalence of chronic cough was 3.48% * 0.17% among adults aged > 40 years.
The overall EQ-5D-3L index score was significantly lower in subjects with than without
chronic cough (0.79 £ 0.01vs. 0.86 + 0.00, P < 0.001). In subgroup analyses by age and

sex, chronic cough had a notably large impact on QoL in women aged > 65 years (vs. those
without chronic cough: 0.55 + 0.04 vs. 0.70 £ 0.01, P < 0.001), although the mean difference
in the scores exceeded the minimally important difference score of 0.05 in all subgroups.

In multivariate analyses, chronic cough was significantly associated with QoL, independent
of confounders including depression, arthritis, asthma, and chronic obstructive pulmonary
disease. In dimension analyses, chronic cough was more associated with anxiety/depression,
pain/discomfort, and usual activities than with self-care or mobility in the EQ-5D.
Conclusions: The present study demonstrated significant associations between chronic
cough and health-related QoL in a nationwide large general adult population aged > 40 years,
which were independent of clinical confounders. The impact of chronic cough was greater
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Disclosure
There are no financial or other issues that

might lead to conflict of interest. INTRODUCTION

Cough is a physiological reflex to protect the lower airways from aspiration and irritation.!
However, cough is a common medical problem, being the single most frequent symptom
for which patients seek medical care.>* Chronic cough, usually defined as lasting 8 or more
weeks, is also highly prevalent, affecting about 10% of the general adult population,® and is
frequently difficult to treat.®® Chronic cough can have a significant effect on quality of life
(QoL) in affected individuals in their physical, mental, and social aspects of life.’**

The disease burden of chronic cough, however, remains largely undefined, presumably because
it was perceived not as a clinical entity, but as a consequent symptom from other medical
conditions.’ In previous studies of the global burden of disease, only whooping cough, but not
chronic cough, was assessed.® This is a major knowledge gap, given a recent paradigm shift

in chronic cough (defining it as a clinical syndrome presenting as chronic cough)®'*" and also
successful clinical trials with novel antitussives targeting cough reflex pathways."

Unlike in clinic-based studies,'*** however, there is only limited evidence for the impact

of chronic cough in the general population. Investigation of randomly recruited persons
from the general population would enable the comparative analyses of health-related

QoL status across different medical conditions. In the literature, several general population
studies have reported significant associations between chronic cough and health-

related QoL?; however, they did not test the independency of such relationships from
confounding medical conditions, such as asthma, chronic obstructive pulmonary disease
(COPD), or depression. These are frequently comorbid in patients with chronic cough

and may influence the QoL status.”® In addition, the relative impact of chronic cough,
compared to other chronic conditions, has not been examined in the general population.
Although the impact of cough has been assessed in subgroups of patients with respiratory
conditions, such as chronic cough, asthma, bronchiectasis, and COPD, that study was
performed on patients evaluated in a specialist cough clinic, with a relatively small number
of patients, about 20-30, in each disease subgroup.”

The present study therefore investigated the relationship between chronic cough and

health-related QoL in the Korean general adult population, with emphasis on chronic
medical conditions which may confound the impact of chronic cough.

MATERIALS AND METHODS

Study population
The present study analyzed cross-sectional datasets of subjects in the Korean National Health
and Nutrition Examination Survey (KNHANES) 2010-2016. The KNHANES is an annual
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nationwide survey of major health and disease information in the Korean general population.
The details of the KNHANES are described online at https://knhanes.cdc.go.kr/knhanes/eng/.
Of the 56,632 subjects originally enrolled in the KNHANES 20102016, 30,021 aged > 40 years,
who responded to the EuroQoL questionnaire, a generic tool for measuring health-related QoL,
and to a question on the presence of chronic cough (“Have you had cough on most days for 3

months or more during the past year?”) were included in the present study. Only adults aged
> 40 years were included as the question on chronic cough was not administered to younger
subjects in the KNHANES 2010-2016. The study protocol was approved by the Institutional
Review Board at the Korea Centers for Disease Control and Prevention. All participants were
fully informed of the protocol and provided written informed consent.

Parameters

Health-related QoL was assessed by measuring the 3-level EuroQoL 5-dimension component
(EQ-5D-3L) index score. This score was calculated from subject ratings of 5 dimensions:
mobility, self-care, usual activities (work, study, housework, family and leisure activities),
pain/discomfort, and anxiety/depression (https://euroqol.org/). Each dimension has 3

levels of response (no problems, some problems, and extreme problems/unable to). The
index scores range from less than O (where O is a health state equivalent to death; and
negative values indicate a health state worse than death) to 1 (perfect health). The minimally
important difference (MID) in the EQ-5D-3L index score was defined as 0.05.%°

QoL status in subjects with chronic cough was compared to that in subjects diagnosed

with other common chronic physical and mental conditions, including asthma, COPD,
allergic rhinitis, angina/myocardial infarction (MI), stroke, hypertension, diabetes mellitus,
dyslipidemia, arthritis (osteoarthritis and rheumatoid arthritis), and depression. They were
selected on the basis of the literature about their impact on QoL or frequent overlaps with
chronic cough.??%332 The presence of each of these chronic conditions was defined using the
combination of physician diagnostic history and current disease status (i.e., “Have you ever
been diagnosed with [a specific disease] by a physician?”, followed by “Do you still have [that
specific disease]?”). Because allergic rhinitis was assessed only in the KNHANES 2013-2015,
it was included only in a sensitivity analysis.

Demographic parameters analyzed in this study included subject age, sex, smoking status,
body mass index (BMI), educational level, household income, and occupation. Smoking status
was classified as “never” for participants who had never smoked or had smoked fewer than

100 cigarettes; as “former” for those who had stopped smoking for at least 6 months, but

had smoked more than 100 cigarettes; and as “current” for those who smoked at the time of
the study or had quit within the past 6 months. BMI was calculated as body weight divided by
height squared (kg/m?). Occupation was categorized using the Korean Standard Classification
of Occupation, with managers, professionals, clerks, service/sales workers, unemployed
individuals, retired persons, and students and housewives classified as “white collar”; and with
workers in agriculture, forestry, fisheries, craft and related trades, plant and machine operators,
assemblers, and simple laborers classified as “blue collar.”® Household income was categorized
as low or high based on the fiftieth percentile in each survey population.

Statistical analysis

To obtain unbiased national estimates representing the general Korean adult population,
the KNHANES sampling weights were adjusted to account for a complex sample design.
Sampling was applied to strata at the level of primary sampling units and households.
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Missing rates for variables were generally < 5%. Missing data were assumed to be missing
completely at random and were regarded as valid in all analyses.

Categorical variables are summarized as weighted percentages + standard errors (SEs) and
continuous variables as weighted means + SEs. Subjects with and without chronic cough in
each EQ-5D-3L dimension response were compared by weighted y? tests with design-based
F statistics. The relationship between chronic cough (vs. no chronic cough) and EQ-5D-

3L index score was determined by linear regression analyses. Demographic and clinical
parameters associated with chronic cough or EQ-5D-3L index score in univariate analyses
(with Pvalues < 0.05) were included in multivariate linear regression analyses. Determinants
of each EQ-5D dimension value were analyzed by logistic regression; in each dimension,
level 1 (no problems) served as the reference, and level 2 (some problems) and level 3
(extreme problems) were merged to “some or extreme problem.” Interactions in multivariate
regression analyses were considered between chronic cough and chronic airway diseases
(asthma, COPD, and allergic rhinitis). Sensitivity analyses were also considered to explore
the confounding effects of major confounders. Two-sided Pvalues < 0.05 were considered
statistically significant. All statistical analyses were performed using Stata 15.1 statistical
software (Stata Corp., College Station, TX, USA).

RESULTS

Baseline characteristics

The weighted prevalence of chronic cough among the study subjects (aged > 40 years) was
3.48% * 0.17%. The mean duration of cough among subjects with chronic cough was 7.76
+0.46 years, and the proportion of subjects with cough duration < 1 year was 32.48% *
2.09% among those with chronic cough (Supplementary Fig. S1). Baseline characteristics
are summarized in Table 1. Compared to subjects without chronic cough, those with chronic
cough were significantly older and more likely to be men, current smokers, and to have
asthma, COPD, allergic rhinitis, arthritis and depression.

Chronic cough and health-related QoL

The overall EQ-5D-3L index score was significantly lower in subjects with than without
chronic cough (0.79 £ 0.01 vs. 0.86 + 0.00, P < 0.001; Fig. 1), with its exceeding the defined
MID score of 0.05.° The EQ-5D-3L index score did not differ by cough duration (< 1 year:
0.80 £ 0.02 vs. > 1 year: 0.79 + 0.02; Supplementary Fig. S2). The score also did not differ by
the presence of chronic phlegm within patients with chronic cough (chronic cough without
phlegm: 0.80 + 0.02 vs. chronic cough with phlegm: 0.79 + 0.02; Supplementary Table S1).

Subgroup analyses showed that EQ-5D-3L index scores were significantly lower in both men
and women with than without chronic cough, although the mean difference in score was
greater for women (0.71 + 0.02 vs. 0.83 + 0.00; P < 0.001) than for men (0.84 + 0.02 vs. 0.89
+0.00; P=0.001) (Fig. 2A). When further sub-grouped by age, the mean difference in score
was greater for elderly women (aged > 65 years) than other age and sex subgroups (Fig. 2B).
Among elderly women, the mean score difference was 0.15 (chronic cough: 0.55 + 0.04 vs. no
chronic cough: 0.70 + 0.01; P< 0.001).

Given the greater impairment in QoL score in elderly women with chronic cough
than in elderly men with chronic cough, their baseline characteristics were compared
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Table 1. Weighted characteristics of the study subjects (aged > 40 years) in the KNHANES 2010-2016

Characteristics No chronic cough Chronic cough Pvalue
Prevalence (%) 96.52 + 0.17 3.48 £ 0.17 -
Age (yr) 55.89 = 0.12 57.27 + 0.55 0.012
Cough duration (yr) - 7.76 + 0.46 -
Men (%) 47.64 £ 0.36 60.80 +2.22 <0.001
Smoking history (%) <0.001
Never 56.26 £ 0.40 39.43£2.26
Former 23.66 + 0.35 17.56 £ 1.67
Current 20.08 + 0.37 43.01+2.40
BMI category (%) 0.350
<18.5 kg/m’ 1.62 + 0.1 1.97 + 0.51
18.5-24.9 kg/m? 60.71 £ 0.42 5710 £ 2.09
25.0-29.9 kg/m? 33.29 + 0.41 36.40 £ 2.02
> 30 kg/m? 4.38+0.18 4.52 + 0.94
Educational level (%) 0.005
Elementary school 26.46 + 0.50 32.78 £1.99
Middle school 14.5 + 0.32 16.13 +1.62
High school 33.93+0.47 29.97 +2.17
University 25.11+ 0.58 21.11 +1.90
Low household income (%) 50.08 + 0.62 53.45+2.30 0.152
Blue collar occupation (%) 31.48 + 0.59 33.22 +2.29 0.448
Medical conditions (%)
Asthma 1.41+0.10 11.74 £1.39 <0.001
COPD* 0.19 + 0.04 3.04 +0.71 <0.001
Allergic rhinitist 8.49 +0.30 13.16 £ 1.76 0.009
Diabetes mellitus 9.37+0.24 11.94 +1.37 0.109
Hypertension 95.66 + 0.41 26.27 +1.96 0.769
Dyslipidemia 12.22 + 0.28 11.81+1.58 0.771
Angina/Ml 2.26 + 0.12 3.25+0.78 0.132
Stroke 3.48 £1.78 2.92 £ 0.97 0.590
Arthritis 13.45 + 0.31 18.6 +1.72 <0.001
Depression 2.46 + 0.14 4.85+ 0.91 0.003
Categorical variables are summarized as weighted percentages + SEs and continuous variables as weighted
means + SEs.

KNHANES, Korean National Health and Nutrition Examination Survey; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; MI, myocardial infarction; SE, standard error.

*A COPD patient was defined as one who required current treatment; other medical conditions in this table indicate
a diagnostic history and current disease; TAllergic rhinitis was assessed only in the KNHANES 2013-2015 studly.

80 I 5 No chronic cough: 0.86 = 0.00 (P < 0.001) M
O Chronic cough: 0.79 + 0.01
60
S 40
20 |
0l = . o km_ldﬂtﬁi .
-1.0 -0.5 0 0.5 1.0

EQ-5D-3L index score

Fig. 1. Histograms of EQ-5D-3L index scores in subjects with and without chronic cough (aged > 40 years) in the
KNHANES 2010-2016.

EQ-5D-3L, 3-level EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition
Examination Survey.
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Fig. 2. EuroQoL EQ-5D-3L index scores in subjects according to the presence of chronic cough (aged > 40 years) classified by (A) gender and (B) sex-age
subgroups in the KNHANES 2010-2016. The scores are presented as weighted means + standard errors.
EQ-5D-3L, 3-level EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition Examination Survey.

(Supplementary Table $2). Compared to elderly men with chronic cough, elderly women
with chronic cough had significantly lower frequencies of smoking history and COPD, but
had higher BMI and more arthritis and depression.

Multivariate analyses of the relationships between chronic cough and EQ-5D-
3L index score

Univariate linear regression analyses identified several demographic and clinical parameters
as being significantly associated with EQ-5D-3L index scores, including subject age,

sex, smoking history, BMI category, level of education, household income, occupation,
depression, asthma, COPD, and chronic cough (Supplementary Table S3).

In multivariate linear regression analyses adjusted for confounders (please see Methods for
confounder selection), chronic cough was significantly associated with EQ-5D-3L index

score, independently of demographic factors (correlation coefficient, -0.058; 95% confidence
interval [95% CI], -0.082 to -0.034; P < 0.001; model 1 in Table 2). In additional adjustment
for comorbidities, including arthritis, depression, asthma, or COPD, the relationship between
chronic cough and EQ-5D-3L index score remained significant (correlation coefficient,
-0.037; 95% CI, -0.059 to —0.015; P = 0.001; adjusted models 2 in Table 2). In a sensitivity
analysis with further adjustment for allergic rhinitis to model 2 (in the KNHANES 2013-2015
population), the impact of chronic cough on QoL remained significant (correlation coefficient,
-0.041; 95% CI, -0.066 to —0.017; P= 0.001; Table not shown). In separate regression
analyses, there were no significant interactions between chronic cough and airway diseases
(asthma, COPD, or allergic rhinitis) (all P> 0.05; Table not shown).

Given the frequent overlaps of depression with chronic cough and its major impact on QoL,*
we conducted sensitivity analysis excluding subjects with depression or arthritis. However,
the overall findings were in line with those of the primary analyses; the EQ-5D-3L index score
was similarly lower in subjects with chronic cough than in those without (Supplementary
Fig. S3A and B), and the impact of chronic cough on QoL remained significant in multivariate
analyses, independently of confounders (Supplementary Table S4).

Chronic cough and EQ-5D dimensions

Dimension analysis found that subjects with chronic cough scored significantly lower on
all 5 dimensions of the EQ-5D. However, design-based F values were higher for anxiety/
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Table 2. Multivariate linear regression analyses of factors associated with EQ-5D-3L index scores in the KNHANES 2010-2016

For EQ-5D-3L index score Model 1* Model 2t
Coefficient (95% Cl) P value Coefficient (95% Cl) P value

Age (yr) -0.004 (-0.004 to —0.003) <0.001 -0.002 (-0.003 to —0.002) <0.001
Woman (vs. man) -0.055 (~0.066 to —0.043) <0.001 -0.031 (-0.043 to —0.021) <0.001
Smoking history

Never smoker Reference Reference

Ex-smoker -0.016 (-0.027 to —-0.004) 0.010 -0.012 (-0.023 to —0.000) 0.041

Current smoker -0.037 (-0.050 to -0.025) <0.001 -0.034 (-0.045 to -0.022) <0.001
BMI category (kg/m?)

<18.5 -0.032 (-0.061 to —0.003) 0.031 -0.035 (-0.064 to -0.007) 0.015

18.5-24.9 Reference Reference

25.0-29.9 -0.014 (-0.020 to -0.007) <0.001 -0.003 (-0.009 to 0.003) 0.332

>30 -0.062 (-0.082 to —-0.042) <0.001 -0.040 (-0.058 to —0.022) <0.001
Educational level

Elementary school Reference Reference

Middle school 0.074 (0.062 to 0.086) <0.001 0.063 (0.052 to 0.075) <0.001

High school 0.093 (0.081 to 0.105) <0.001 0.076 (0.065 to 0.086) <0.001

University 0.098 (0.086 to 0.110) <0.001 0.078 (0.067 to 0.089) <0.001
Low household income (vs. high household income) -0.035 (-0.042 to -0.029) <0.001 -0.031 (-0.037 to —0.025) <0.001
Blue collar occupation (vs. white collar occupation) 0.031 (0.023 to 0.038) <0.001 0.027 (0.020 to 0.034) <0.001
Arthritis (vs. no arthritis) - - -0.130 (-0.145 to -0.116) <0.001
Depression (vs. no depression) - - -0.182 (-0.222 to -0.142) <0.001
Asthma (vs. no asthma) - - -0.076 (-0.120 to -0.032) 0.001
COPD* (vs. no COPD) - - ~0.030 (~0.116 to 0.056) 0.497
Diabetes mellitus (vs. no diabetes mellitus) = = -0.025 (-0.041 to —0.010) 0.001
Hypertension (vs. no hypertension) - - -0.013 (-0.022 to —0.003) 0.0mM
Dyslipidemia (vs. no dyslipidemia) - - -0.011 (-0.025 to 0.002) 0.089
Angina/MI (vs. no angina/MI) - - -0.056 (-0.086 to —0.027) <0.001
Stroke (vs. no stroke) - - -0.131 (-0.182 to —0.080) <0.001
Chronic cough (vs. no chronic cough) -0.058 (-0.082 to -0.034) <0.001 -0.037 (-0.059 to -0.015) 0.001

EQ-5D-3L, 3-level EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition Examination Survey; 95% Cl, 95% confidence interval;
BMI, body mass index; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction.

*Adjusted for age, sex, smoking, BMI category, education level, household income, and occupation; TAdjusted for age, sex, smoking, BMI category, education level,
household income, occupation, arthritis, depression, asthma, COPD, hypertension, dyslipidemia, angina/MI, and stroke; *COPD requiring current treatment.

depression, usual activities, and pain/discomfort than for mobility and self-care (Table 3). In
multivariate logistic regression analyses adjusted for demographic and clinical confounders,
chronic cough was significantly associated with all 5 dimensions, but more strongly with
anxiety/depression (odds ratio [OR], 1.77; 95% CI, 1.38-2.27; P < 0.001), pain/discomfort
(OR, 1.62; 95% CI, 1.32-2.00; P < 0.001), and usual activities (OR, 1.58; 95% CI, 1.21-2.07; P
=0.001) (Fig. 3A). The associations were weaker, or just marginal for self-care (OR, 1.56; 95%
CI, 1.09-2.23; P=0.016), or mobility (OR, 1.31; 95% CI, 1.01-1.70; P= 0.042) (Fig. 3A).

In subgroup analyses by age and sex, F values were generally greater in all 5 dimensions

among women than among men (Supplementary Table S5). Multivariate logistic regression
confirmed this, but particularly elderly women (aged > 65 years) had significant impairments
across all 5 dimensions, albeit having less problems with mobility and self-care (Fig. 3B-F).
However, women aged 40—64 years showed significant problems with anxiety/depression, pain/
discomfort, and usual activities, but not with self-care and mobility dimensions (Fig. 3B-F).

EQ-5D-3L index scores of subjects with different chronic medical conditions
For comparison, EQ-5D-3L index scores were assessed across different chronic medical
conditions. In all subjects, the EQ-5D-3L index score of chronic cough (0.79 + 0.01) was
similar to those of diabetes mellitus, dyslipidemia, and hypertension, but was higher than
those for depression, arthritis, asthma, COPD, and angina/MI (Fig. 4A). Because the EQ-
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Table 3. Responses to the EQ-5D-3L health-related quality of life questionnaire and index scores in subjects with and without chronic cough (aged > 40 years) in
the KNHANES 2010-2016

Dimension No chronic cough Chronic cough Design-based F value P value
Mobility 20.36" <0.001"
No problems (%) 84.40 = 0.35 76.37 £1.98
Some problems (%) 15.09 + 0.34 921.39 +1.91
Extreme problems (%) 0.51+0.06 2.93 +0.66
Self-care 12.98" <0.001
No problems (%) 96.34 + 0.16 92.13 £ 1.11
Some problems (%) 3.54+0.16 7.48 +1.08
Extreme problems (%) 0.13+0.03 0.38 +£0.28
Usual activities 26.20" <0.001"
No problems (%) 9112 + 0.27 82.36 +1.65
Some problems (%) 8.26 + 0.26 16.53 £ 1.62
Extreme problems (%) 0.62 + 0.06 112 £ 0.41
Pain/discomfort 25.06" <0.001"
No problems (%) 75.97 + 0.38 63.40 £2.14
Some problems (%) 21.83 + 0.36 31.63 £2.10
Extreme problems (%) 2.19 + 0.12 4.97 + 0.92
Anxiety/depression 28.29" <0.001"
No problems (%) 89.41+ 0.27 79.83 +1.76
Some problems (%) 9.89 + 0.25 18.95 £ 1.73
Extreme problems (%) 0.69 + 0.07 1.22 +0.39
EQ-5D-3L index score 0.86 + 0.00 0.79 + 0.01 - <0.001

Categorical variables are summarized as weighted percentages + standard errors (SEs) and continuous variables as weighted means + SEs.
EQ-5D-3L, 3-level EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition Examination Survey; SE, standard error.
*Calculated by y? tests.

In all adults (> 40 yr) Mobility Self-care
Mobility - ‘y—o—c Women aged > 65 yr - }—l—c Women aged > 65 yr in—I—c
Self-care 4 ———t Men aged > 65 yr 4 —— Men aged > 65 yr 4 ——.
Usual activities - i —— Women aged 40-64 yr ni—I—c Women aged 40-64 yr n—i.—c
Pain/discomfort - : —— Men aged 40-64 yr - v—il—ﬁ Men aged 40-64 yr : =
Anxiety/depression - i —— All adults (> 40 yr) - ;L—Q—d Alladults (> 40 yr) i ——
0 1 2 3 0 1 2 3 4 0 1 2 3 4
Adjusted OR (95% Cl) Q Adjusted OR (95% Cl) e Adjusted OR (95% CI) e
Usual activities Pain/discomfort Anxiety/depression
Women aged > 65 yr i — . Women aged > 65 yr - i —. Women aged > 65 yr i —.——
Men aged > 65 yr 4 —— Men aged > 65 yr 4 —. Men aged > 65 yr 4 —.—
Women aged 40-64 yr %n—.—c Women aged 40-64 yr i —— Women aged 40-64 yr 4 i —a—
Men aged 40-64 yr v-;—I—d Men aged 40-64 yr - : —a— Men aged 40-64 yr :»—.—c
All adults (> 40 yr) 4 i —— All adults (> 40 yr) i —— All adults (> 40 yr) 4 i —_—
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Adjusted OR (95% CI) Q Adjusted OR (95% Cl) e Adjusted OR (95% Cl) G

Fig. 3. Associations between chronic cough and each EQ-5D dimension score in the KNHANES 2010-2016. (A) Domain scores in all adults (> 40 years), and (B-F)
each domain score according to age and sex. In each dimension, level 1 (no problems) served as the reference, and level 2 (some problems) and level 3 (extreme
problems) were merged to “some or extreme problem.” ORs were calculated from multivariate logistic regressions adjusted for age, sex, smoking, body mass
index, education level, household income, occupation, arthritis, depression, asthma, chronic obstructive pulmonary disease, hypertension, dyslipidemia,
angina/myocardial infarction, and stroke.

EQ-5D, EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition Examination Survey; OR, odds ratio; Cl, confidence interval.
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5D-3L index score for chronic cough was lower in women aged > 65 years than in the other
subgroups (0.55 + 0.04), EQ-5D-3L index scores for other chronic conditions were further
assessed in this subgroup (Fig. 4A); comparable EQ-5D-3L index scores were observed

in women aged > 65 years with arthritis, stroke, asthma, angina/MI, and allergic rhinitis.
Overall, depression showed the lowest QoL score among the chronic conditions examined. In
subgroup analyses excluding subjects with depression, the relative impact of chronic cough
on QoL was similar to that in the entire study population (Fig. 4B).

1.0 m All adults (>40yr) ™ Elderly women (> 65 yr)
-
@
o
P
o
w
e
Subgroup analyses excluding subjects with depression
m All adults (>40yr) m Elderly women (2 65 yr)
-
¢
o
P
O .s o . .
w
& -2 Q .S
\'\{& .&’J&\ &\o \5\0
N Qf& &
¥ Q:\Q \Q,KQB e
o S

Fig. 4. EQ-5D-3L index scores according to the presence of chronic diseases among subjects in all adult subjects (aged > 40 years) and elderly women (aged > 65
years) in the KNHANES 2010-2016. (A) Entire sample analyses and (B) subgroup analyses excluding subjects with depression. Horizontal dotted lines and grey
boxes indicate the mean score and standard error margins of the EQ-5D-3L index score in subjects with chronic cough. Vertical dotted lines are positioned to
differentiate chronic cough from other chronic conditions. Error bars indicate standard error in the EQ-5D-3L index scores in each chronic condition. Conditions
other than chronic cough were sorted by EQ-5D-3L index score (low to high) in all adult dataset (> 65 years).

EQ-5D, EuroQoL 5-dimension component; KNHANES, Korean National Health and Nutrition Examination Survey; COPD, chronic obstructive pulmonary disease.
*COPD was defined as a condition requiring current treatment; other medical conditions in this figure indicate a diagnostic history and current disease. TAllergic
rhinitis was assessed only in the KNHANES 2013-2015 study.
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DISCUSSION

This general population analysis found that chronic cough is significantly associated with
health-related QoL among adults aged > 40 years, independent of demographic and clinical
confounders including depression, arthritis, asthma, and COPD. The mean difference in the EQ-
5D-3L index score exceeded the defined MID score of 0.05% in all age/sex subgroups examined
(Fig. 2B). However, chronic cough had a notable impact on QoL in women aged > 65 years

(vs. those without chronic cough: 0.55 + 0.04 vs. 0.70 + 0.01), indicating that this is the most
susceptible age/sex subgroup warranting active interventions for the treatment of chronic cough.

Health-related QoL status is influenced by a variety of demographic and clinical factors, and

it may become worse with aging, particularly among women,** as also shown in the present
KNHANES analyses. Furthermore, chronic cough is frequently comorbid with respiratory
and non-respiratory diseases,** making the cough-related QoL data difficult to interpret,
although we think that comorbidity is part of a disease, either in terms of the pathophysiology
or causal relationships. Depression is frequently associated with chronic cough'?3%¥; however,
depression in patients with chronic cough is likely to be a consequence of cough, because it
significantly improves with cough resolution.”® However, depression is considered as a major
confounder in the present study, because it is a part of EQ-5D dimension score and also its
implication may be different from that in specialist cough clinics. Therefore, we examined the
associations between chronic cough and QoL in several ways, including multivariate analyses,
dimension analyses, and sensitivity analyses excluding subjects with depression.

Our findings may not be surprising, as chronic cough was significantly associated with
impaired health-related QoL in several general population studies.”*?* However, no
previous studies in general populations had adjusted for clinical confounding factors, such
as depression, asthma, and COPD. As discussed above, depression is a major confounder to
be considered when testing the relationships between chronic cough and QoL using generic
health-related QoL measures. Therefore, the results of this study are a valuable addition to
the literature of the subject, confirming the impact of chronic cough on health-related QoL.

In this study, chronic cough had a greater impact on health-related QoL in women aged

> 05 years than in the other age and sex subgroups. In normative studies, it is known that
health-related QoL is generally worse in elderly women.** However, the mean EQ-5D-3L
index score was particularly lower in elderly women with than without chronic cough, or

than men with, showing the largest mean difference in the score (0.15) (Fig. 2). In addition,
the EQ-5D-3L index scores in these subjects with chronic cough were comparable to those in
subjects with other major chronic conditions, but only second to depression among chronic
medical conditions examined in this study. This greater impact of chronic cough in older
women may be one of the major reasons for an older female predominance commonly found
in cough clinics in many countries.*®* Heightened cough sensitivity in women may underlie
poorer cough-related QoL or more presentation of women to the specialist cough clinics.*

In tussigen inhalation cough challenge studies, there is a consistently enhanced cough
sensitivity in women than in men.**#%2 In our recent clinic-based study of Korean patients
with chronic cough, the number of cough triggers and cough-related laryngeal sensations, as
measured using the Cough Hypersensitivity Questionnaire (CHQ), was significantly higher in
women than in men, and the CHQ score significantly correlated with poorer cough-specific
QoL.*# In the KNHANES 2010-2016, there were no items specific for cough sensitivity
because the survey focuses on the general aspects of health and diseases. However, compared
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to men counterparts, elderly women with chronic cough more frequently had depression

and arthritis, but not respiratory comorbidities, such as asthma, COPD, or allergic rhinitis
(Supplementary Table S2), indicating that the impact of chronic cough on QoL was less likely
dependent on these respiratory diseases.

This age/sex-specific finding in the QoL may also be attributed to urinary incontinence,
which is a more frequent complication of coughing in older women, as previously
suggested by a specialist clinic-based study in the USA.* However, urinary incontinence
was not included in the KNHANES 2010-2016 study protocols, and thus its impact could
not be directly assessed in this study. Although 3 dimensions of the EQ-5D-3L usual
activities, anxiety/depression, and pain/discomfort were more affected by chronic cough
in this subgroup, a previous study found that none of these dimensions were specifically
associated with urinary incontinence.®

Unlike the female predominance observed in chronic cough patients visiting specialist clinics,*®
chronic cough is reportedly more prevalent in men than in women in many general population
studies,* including the present analysis. As none of previous general population studies assess
cough-related healthcare utilization and reasons for seeking (or not seeking) medical care for
cough, no conclusion can be drawn now. However, the QoL status related to chronic cough

was worse in women than in men, suggesting that the impact on QoL may be a factor driving
the healthcare visit in subjects with chronic cough. We propose that further population-based
studies should address major issues in cough epidemiology,* including the sex disparity in
patient profiles between the community and clinics.

The present analyses need to be discussed with regard to the population norms of the
EQ-5D index score. The normative values for Korea, which were obtained from face-to-face
interviews on a random sample of the South Korean residential registry in 2007, are 0.960
(in 45-54 years), 0.909 (in 55-64 years), 0.888 (in 65-74 years), and 0.958 (in total [18-74
years]; the normative values in aged >75 years were not reported).>* In the present analyses
of the KNHANES 2010-2016 dataset, the scores in subjects with chronic cough were 0.88
+0.01 (in 40-54 years), 0.76 = 0.04 (in 55-64 years), and 0.68 = 0.04 (in aged 65-74 years),
which are considerably lower than the normative values.*

In dimension analyses, chronic cough was particularly more associated with anxiety/
depression, pain/discomfort and usual activities than self-care or mobility (Fig. 3). Although
5 dimensions are rather categorical than indicative of a specific problem, our findings

are in line with those of previous studies on QoL in patients with chronic cough. In 2
landmark studies in constructing cough-specific QoL questionnaires, chronic cough was
associated with diverse adverse outcomes, encompassing physical, mental, and psychosocial
domains.’®" In the study by French et al.,'° a substantial proportion of adverse effects was
explained by cough-causing exhaustion, the need for reassurance that nothing is serious, the
inability to go to the movies, and spouses not being able to tolerate cough. Also, in before-
and-after treatment data, psychosocial dysfunction was more significantly associated with
cough than physical impairment.*®

Several limitations need to be considered while interpreting our findings. First, the
observational nature of this cross-sectional study limits causal inference between chronic
cough and QoL impairment. Secondly, chronic cough was defined by period prevalence, not
by point prevalence, which is prone to recall bias. In addition, it used 3 months as the cutoff,
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which is longer than the cutoff recommended in the clinical guidelines (8 weeks).®® However,

it is the most common definition used in epidemiological studies.* The point prevalence of
chronic cough using 8 weeks as the cutoff duration (current chronic cough) was measured
only in the KNHANES 20102012 surveys*; of note, the EQ-5D-3L index score in subjects
with current chronic cough in the 20102012 study population is 0.79 + 0.02 (vs. 0.86 + 0.00
in subjects without current cough; Supplementary Table S6), which is consistent with the
main findings using the period prevalence definition (0.79 + 0.01 vs. 0.86 + 0.00; Fig. 1).
Thirdly, the cough duration in subjects with chronic cough was 7.76 + 0.46 years, which is
relatively longer than those reported in clinic-based studies in Korea.?** Thus, the present
study population may represent more persistent or treatment-refractory cough patients, and
the impact of chronic cough might have been overestimated, even though they were recruited
by random sampling of nationwide populations. However, the EQ-5D-3L index score did

not differ between patients with chronic cough <1 year and > 1 year (0.80 + 0.02 vs. 0.79 +
0.02; Supplementary Fig. S$2). In our view, cough duration is difficult to define particularly
when self-reported, as cough frequently waxes and wanes over time within a single patient
rather than persists continuously, which is more problematic to measure in patients with
cough persisting for longer than 1 year. Further studies are warranted to validate existing

tools to capture chronic cough in large population-based epidemiological studies. Fourthly,
the present analyses were confined to adults aged > 40 years, and thus the impact of cough

in Korean younger adults remains unclear. Fifthly, the presence of chronic diseases, such as
asthma, COPD, and depression, was defined by a self-reported history of physician diagnosis
combined with current disease activity. They are therefore prone to recall and misclassification
biases, with no ability to differentiate among degrees of clinical severity. Finally, the definition
of chronic cough was not based on a physician diagnosis, unlike those of chronic medical
conditions compared. Therefore, our comparative analyses (Fig. 3) have an explorative nature.
However, the lack of a physician diagnosis of chronic cough in study protocols is inherent

to current diagnostic classification systems. The 10" revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) does not include a diagnostic
code for chronic cough, with RO5 used to classify “cough” as a symptom. Chronic cough,
however, represents a pathophysiologic state that deviates from the protective role of cough,
suggesting that chronic cough should be recognized as a disease entity in the ICD system.**

This study has strength that it has demonstrated significant associations between chronic
cough and health-related QoL in a nationwide large general adult population (aged > 40
years), which were independent of clinical confounding conditions. The greatest impact
of chronic cough on QoL was observed in women aged > 65 years, suggesting that this
age/sex subgroup is the most susceptible to chronic cough and may warrant active
intervention. These findings suggest that there is a considerable burden of chronic cough
in the general population and warrant further investigations to precisely assess the disease
burden of chronic cough in a global scale.

SUPPLEMENTARY MATERIALS

Supplementary Table S1
Weighted prevalence and EQ-5D-3L index score of chronic cough and chronic phlegm

Click here to view
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Supplementary Table S2
Comparison of weighted demographic and clinical parameters according to sex and chronic
cough in the elderly (age > 65 years)

Click here to view

Supplementary Table S3

Univariate linear regression analyses of factors associated with EQ-5D-3L index scores in the
KNHANES 2010-2016

Click here to view

Supplementary Table S4

Multivariate linear regression analyses of factors associated with EQ-5D-3L index scores
among subjects without depression or arthritis in the KNHANES 2010-2016

Click here to view

Supplementary Table S5

Responses to the EQ-5D-3L questionnaire in subjects with and without chronic cough,
according to age and sex

Click here to view

Supplementary Table S6

Prevalence and EQ-5D-3L index score of current chronic and non-chronic cough in the
KNHANES 2010-2012 surveys

Click here to view

Supplementary Fig. S1
Histogram of cough duration in adults with chronic cough (aged > 40 years).

Click here to view

Supplementary Fig. S2
EuroQoL EQ-5D-3L index scores according to cough duration.

Click here to view

Supplementary Fig. S3

EuroQoL EQ-5D-3L index scores in subjects without depression or arthritis, classified by
(A) sex and (B, C) age and gender subgroups. The scores are presented as weighted means *

standard errors.

Click here to view
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