
Reclassification of items in the Leicester Cough Questionnaire: 
Correlation analysis

Jieun Kang a, Ji-Yong Moon b, Deog Kyeom Kim c, Jin Woo Kim d, Seung Hun Jang e,  
Jae-Woo Kwon f, Byung-Jae Lee g, Hyeon-Kyoung Koo a,*

a Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Ilsan Paik Hospital, Inje University College of Medicine, Juhwa-ro 170, Ilsanseo-gu, 
Goyang-si, Gyeonggi-do, 10380, Republic of Korea
b Department of Internal Medicine, Hanyang University Guri Hospital, Hanyang University College of Medicine, Gyeongchun-ro 153, Guri-si, Gyeonggi-do, 11923, 
Republic of Korea
c Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul Metropolitan Government-Seoul National University Boramae Medical 
Center, Seoul National University College of Medicine, Boramae-ro 5-gil 20, Donjak-gu, Seoul, 07061, Republic of Korea
d Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Uijeongbu St. Mary’s Hospital, College of Medicine, The Catholic University of 
Korea, Cheonbo-ro 271, Uijeongbu-si, Gyeonggi-do, 11765, Republic of Korea
e Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Medicine, Hallym University Sacred Heart Hospital, Hallym University College of Medicine, 
Gwanpyeong-ro 170beon-gil 22, Dongan-gu, Anyang-si, Gyeonggi-do, 14068, Republic of Korea
f Department of Internal Medicine, Kangwon National University Hospital, Kangwon National University School of Medicine, Kangwondaehak-gil 1, Chuncheon-si, 
Gangwon-do, 24341, Republic of Korea
g Division of Allergy, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Irwon-ro 81, Gangnam-gu, Seoul, 06351, 
Republic of Korea

A R T I C L E  I N F O

Keywords:
Chronic cough
Quality of life
Leicester cough questionnaire
Network analysis
Reclassification

A B S T R A C T

Background: The Leicester Cough Questionnaire (LCQ) is a validated tool for assessing cough that has three 
domains (physical, psychological, and social), with eight, seven, and four items, respectively. However, the 
assigned domain may not accurately reflect the characteristics of an item. This study aimed to reclassify the items 
in the Korean version of the LCQ (K-LCQ) to improve the coherence in each domain.
Methods: Data of patients with chronic cough from 16 centers who completed the K-LCQ were retrospectively 
analyzed. Spearman’s rank correlation analysis was used to assess the correlations between items and their 
domains. Principal component analysis was performed to recategorize the K-LCQ items.
Results: The correlation analysis of the data from 255 patients demonstrated that certain items such as tiredness, 
embarrassment, and interference with daily work or overall life enjoyment showed strong or very strong cor
relations with all three domains. Cough bout frequency showed the weakest correlation with the physical 
domain, despite being included in that domain, and had stronger correlations with the psychological and social 
domain. The principal component analysis led to the reclassification of six items: one from the physical to 
psychological, two from the social to psychological, and three from the psychological to social domain. The 
within-domain correlation coherence was higher in the new classification than in the original. Validation using 
an independent cohort of 203 patients yielded similar results.
Conclusions: The new classification of the K-LCQ items showed improved within-domain correlation coherence.

1. Introduction

Cough is an important defense mechanism that protects the airways 
and lungs [1,2]; however, it may become problematic when it persists 
[3,4]. Several tools are available to evaluate the severity of cough and its 
impact on health-related quality of life [5–8]. Cough frequency 

commonly measured to determine the efficacy of drugs or interventions 
[9,10]. However, this method has limited application in clinical practice 
because of the requirement for recording devices and manual counting 
of cough frequency, which are time-consuming and inconvenient. 
Patient-reported outcome measurement using validated and reliable 
questionnaires are more commonly used and regarded as the gold 
standard for assessment [11].
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The Leicester Cough Questionnaire (LCQ) was developed to assess 
the impact of cough on quality of life of patients [6], and the Korean 
version of the LCQ (K-LCQ) has been validated [12]. The LCQ consists of 
three domains (physical, psychological, and social) with eight, seven, 
and four items, respectively [6]. The questionnaire is a patient-reported 
subjective assessment, which may provide better information on the 
pathophysiology of cough [13]. The LCQ is a collection of disparate 
items, and the physical domain includes items such as the presence and 
severity of phlegm [14,15], hypersensitivity to irritants [16], and sleep 
disturbance related to nocturnal cough [17]. The psychological and 
social domains include items that indicate the severity and perception of 
cough by the patients, such as anxiety [18] and annoyance to others [4]. 
Understanding the characteristics of each domain and item, as well as 
their interrelationships, is a potential strategy for understanding cough 
mechanisms better.

There is a possibility that the traits of a specific item in the LCQ may 
not be fully encapsulated by the domain it is assigned to. Items such as 
tiredness or loss of energy are classified as physical components but may 
also fall into the psychological domain. Concern about the thoughts of 
others belongs to the psychological domain but can also have a social 
component. These examples suggest that it is difficult to define the do
mains of the LCQ items. This study aimed to examine the correlations 
between the K-LCQ items and domains, reclassify the items to improve 
coherence in each domain, and further validate the findings using the K- 
LCQ validation cohort.

2. Patients and methods

2.1. Study patients and data collection

The development cohort included adult patients aged ≥18 years 
diagnosed with chronic cough from 16 respiratory centers in the Re
public of Korea between March 2016 and February 2018. Chronic cough 
was defined as cough lasting for more than 8 weeks [19]. This study used 
data from patients who completed the K-LCQ at baseline. Patients with 
chest radiographic abnormalities were excluded. Pulmonary specialists 
at each hospital evaluated the possible causes of chronic cough based on 
the Korean cough guidelines [19]. During the initial visit, demographic 
information, symptom duration, K-LCQ score, symptom severity, and 
identified causes of cough were collected.

Validation of the reclassified version of the questionnaire was per
formed using an independent cohort (K-LCQ validation cohort) which 
was a prospective multicenter cohort study designed to validate the K- 
LCQ. Adult patients with chronic cough were enrolled between May 
2011 and October 2013 [12]. This study was conducted in accordance 
with the Declaration of Helsinki, and the Institutional Review Board of 
the participating center approved the study protocol in February 12, 
2018 (Approval No. 2017-12-025). The need for informed consent was 
waived due to the retrospective nature of the study.

2.2. Korean Leicester cough questionnaire

The K-LCQ is a cough-specific quality-of-life questionnaire that has 
been validated in patients with chronic cough lasting more than 8 weeks 
[12]. Each of the 19 items in the three domains was rated on a 7-point 
Likert scale, and the mean scores of each domain were added to 
obtain the total score [6,12]. The total score ranged from 3 to 21 points, 

with higher scores indicating a better quality of life. The physical 
domain comprised of eight items: chest/stomach pain, presence of 
bothersome phlegm, tiredness, hypersensitivity to irritants, sleep 
disturbance, cough bout frequency, voice hoarseness, and loss of energy. 
The psychological domain consists of seven items: feeling in control of 
the cough, embarrassment, anxiety, frustration, feeling of being fed-up, 
worries about serious illness, and concern about the thoughts of other 
people. The social domain comprised of four items: interference with 
daily work, interference with overall life enjoyment, interruption of 
conversation/phone calls, and annoyance with partners/family/friends.

2.3. Statistical analysis

Data were presented as mean ± standard deviation, or median 
(interquartile range) for continuous variables and as number (percent
age) for categorical variables. A correlation matrix was constructed 
using Spearman’s rank correlation in the corrplot package. The degree of 
correlation was defined using the Spearman coefficient: >0.7, very 
strong; 0.6–0.7, strong; 0.3–0.6, moderate; and <0.3, weak. Each K-LCQ 
item was represented as a node in the correlation network, and the color 
reflected the domains to which it belonged: physical, psychological, and 
social domains as red, green, and blue, respectively. The node size 
represented the mean score for each item. The links between the nodes 
demonstrated statistically significant correlations (p < 0.05). The 
thickness and darkness of the links indicated the strength of the corre
lation (Spearman’s coefficient). The igraph package was used to visu
alize the correlation networks. Principal component analysis, which is a 
technique for analyzing datasets containing numerous dimensions that 
can enhance the interpretability of data while preserving maximum 
information and enabling the visualization of multidimensional data, 
was performed to transform the K-LCQ item scores into new indepen
dent variables (eigenvectors) referred to as components using a combi
nation. The eigenvalue of each component reflected its contribution. 
Principal component analysis was performed using the prcomp function 
in the Stats package. All statistical analyses were performed using R 
software version 3.6.0.

3. Results

3.1. Characteristics of the study patients

A total of 255 patients were included in this study. The baseline 
characteristics of the patients are shown in Supplementary Table S1. The 
mean age was 47.7 ± 14.3 years, and 63.1% were women. The most 
common cause of chronic cough was upper airway cough syndrome 
(45.5%), followed by asthma (25.9%). More than one etiology of chronic 
cough was found in 12.5% of the patients. The total mean score of the K- 
LCQ was 11.2 ± 3.1, with mean scores of 4.1 ± 0.9, 3.5 ± 1.2, and 3.6 
± 1.3 observed in the physical, psychological, and social domains, 
respectively. The mean score of the cough numeric rating scale (NRS) 
was 6.0 ± 2.2.

3.2. Correlation analysis between K-LCQ scores and individual items

Fig. 1 presents the correlation matrix for the K-LCQ items and do
mains. The total K-LCQ score showed at least moderate correlations with 
all items. Very strong correlations (r > 0.7) were shown with tiredness 
(LCQ3), embarrassment (LCQ5), anxiety (LCQ6), interference with daily 
work (LCQ7), interference with overall life enjoyment (LCQ8), frustra
tion (LCQ12), feeling of being fed-up (LCQ13), concern about the 
thoughts of other people (LCQ17), interruption of conversation/phone 
calls (LCQ18), and annoyance to acquaintances (LCQ19).

The correlation coefficients of individual items with the subtotal 
scores for each domain are summarized in Table 1A. The items such as 
tiredness, embarrassment, interference with daily work, and interfer
ence with overall life enjoyment showed strong or very strong 

Abbreviation

LCQ Leicester Cough Questionnaire
K-LCQ Korean version of the Leicester Cough Questionnaire
NRS numeric rating scale
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correlations with all the subtotal scores in all three domains. The cor
relation coefficients between embarrassment and the subtotal scores of 
the psychological and social domains were comparable. Despite the in
clusion of cough-bout frequency in the physical domain, it exhibited the 
weakest correlation with the physical domain compared to its correla
tion with the psychological or social domain. In contrast, hypersensi
tivity to irritants was strongly correlated with the physical domain but 
weakly associated with the psychological and social domains. Moderate 
correlations were observed between chest/stomach pain, sleep distur
bance, and energy loss with all three domains. The correlation network 
between individual items and the original domain classification is 
shown in Fig. 2A. The correlation matrix between cough NRS and LCQ 
items is summarized in Fig. 1.

3.3. Principal component analysis

The 19 K-LCQ items were reduced to a small number of components 
using the principal component analysis. These five components 
explained 71.7% of the data as measured by the percentage of variance. 
A scree plot of the eigenvalues for each component is presented in 
Supplementary Figure S1. The correlations between each K-LCQ item 
and its five components are presented in Supplementary Table S2.

3.4. New classification of the K-LCQ items

Fig. 3 depicts the classification of items into three groups based on 
the plot of variance of the principal component analysis. Group 1 
comprised exclusively of items from the physical domain; group 2 
comprised of items from all three domains (physical, psychological, and 
social); and group 3 comprised of items from the psychological and 
social domains.

Based on this grouping, the K-LCQ items were reclassified; groups 1, 
2, and 3 were assigned as the new physical, psychological, and social 
domains, respectively. The correlation network between individual 
items and the proposed domain classification is shown in Fig. 2B.

The domain changes occurred for certain items: interference with 
daily work and interference with overall life enjoyment were reclassified 
from the social to the psychological domain; cough-bout frequency was 
reclassified from the physical to the psychological domain; and feelings 
of being fed-up, worries about serious illness, and concerns about the 
thoughts of other people were reclassified from the psychological to the 
social domain. In the new classification, cough bout frequency showed a 
substantially higher correlation with the psychological domain than 
with the physical domain (new vs. original classification, 0.742 vs. 
0.560). The correlation coefficients for other items that underwent a 
domain change were similar to their original domains. Supplementary 

Fig. 1. A correlation matrix between items of cough questionnaire Spearman’s rank correlation analysis was performed between the variables. The number indicates 
Spearman’s correlation coefficient between items as represented by size and color of circle. Abbreviations: LCQ, Leicester cough questionnaire; NRS, numeric rating 
scale. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Figure S2 presents a comparison of the subtotal scores of each domain 
before and after reclassification.

Table 1B shows the correlation coefficients of the individual items 
with the subtotal score for each domain of the K-LCQ in the new clas
sification. The within-domain correlation coherence was higher in the 
new classification than in the original. The correlation coefficient plots 
of the same domain were more parallel in the new classification than in 
the original, indicating improved within-domain coherence (Fig. 4). 
Supplementary Figure S3 compares the original and new classifications 
using a Bland-Altman plot of the correlation coefficient for each item 
with the corresponding domain score. The mean difference between the 
original and new correlation coefficients was 0.03.

3.5. Validation of the new classification

Using the same inclusion and exclusion criteria, 203 patients with 
chronic cough from the K-LCQ validation cohort were included to vali
date the new classification. The mean age of the validation cohort was 
49.3 ± 14.0 years, and 60.6% of the patients were women, which was 
comparable to the development cohort (p = 0.227 and p = 0.675, 
respectively; Supplementary Table S1). Supplementary Table S3 sum
marizes the comparison of the correlation coefficients of the individual 
items with the subtotal score of each domain between the original and 
new K-LCQ classifications. The results showed a similar pattern to the 
findings in the development cohort, indicating that the new classifica
tion maintained good correlation coherence within each domain 
(Supplementary Figure S4). The mean difference between the original 
and new correlation coefficients is 0.02 (Supplementary Figure S3B).

Table 1 
Correlation coefficient of each item with corresponding domains in (A) original and (B) new classification.

Fig. 2. Network analyses demonstrating associations between K-LCQ items and domain subtotal scores according to the (A) original classification, and (B) new 
classification Only correlations with Spearman’s correlation coefficient ≥0.6 are drawn. Abbreviations: K-LCQ, Korean version of the Leicester cough questionnaire.
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4. Discussion

This study investigated the complex correlations among the physical, 
psychological, and social domain items of the K-LCQ using correlation 
analysis. Based on the correlations of the items in the three domains, the 
K-LCQ items were reclassified. Six items shifted domains, and the new 
classification showed higher within-domain correlations between items 
and their respective domains.

The impact of chronic cough on the quality of life of an individual 

can be substantial [20,21], which highlight the need for tools such as the 
K-LCQ to accurately measure its impact. However, the clinical applica
tion of the questionnaire may be challenging if the relationship between 
its items are not thoroughly understood. Our study sheds light on how 
the LCQ can be better used to evaluate chronic cough. We found that 
tiredness, embarrassment, and interference with daily work or overall 
life enjoyment were equally and strongly associated with the physical, 
psychological, and social domains. Therefore, these items may serve as 
indicators of the overall LCQ score.

Fig. 3. Principal component analysis. The K-LCQ items were categorized based on a PCA plot of variance. Abbreviations: PCA, principal component analysis; LCQ, 
Leicester cough questionnaire; dim, dimension.

Fig. 4. Coherence of correlation coefficients of K-LCQ items in the corresponding domains according to the (A) original classification and (B) new classification 
Abbreviations: K-LCQ, Korean version of the Leicester cough questionnaire.
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Stronger correlations were observed between the cough-bout fre
quency and the psychological and social domains of the LCQ than the 
original physical domain. We reclassified this item into the psycholog
ical domain to reflect its impact on the quality of life of an individual 
more accurately. Birring et al. reported that cough frequency was 
significantly correlated with scores in the physical and social domains, 
but not with scores in the psychological domain [22]. This correlation 
was stronger in the social domain than in the physical domain; however, 
this study had a limited sample size of 20 patients with chronic cough. 
Cough frequency can affect the psychological aspects of coughing by 
causing emotional distress, anxiety, and social isolation, which can 
worsen the perception of cough severity [18,23,24]. In a study by Chang 
et al., the subjective cough score was found to have a stronger and more 
consistent correlation with cough frequency than with cough hyper
sensitivity [25], suggesting a close relationship between cough fre
quency and perception of cough severity.

While cough-bout frequency exhibited a stronger correlation with its 
newly assigned psychological domain compared to a weaker correlation 
with its originally assigned physical domain, the correlations for the 
other items with domain changes were found to be similar in both 
classifications. This difference may be because cough-bout frequency 
was the only item originally classified in the physical domain, whereas 
the other items with domain changes belonged to either the psycho
logical or social domains. Chronic cough is associated with various im
pairments, including limitations in daily activities, disruption in 
personal relationships, and emotional distress [26,27]. This underscores 
the intricate interplay between psychological and social influences in 
the experience of cough, which may explain the strong correlations that 
persisted even after the domain change for items that had a change from 
psychological to social or vice versa.

Although the total LCQ score provides a general overview of the 
impact and severity of cough, analyzing the scores of the individual 
domains may offer more detailed insights into effective management of 
condition. A comprehensive assessment, which includes the evaluation 
of the perception of patients with their psychosocial dysfunction, should 
be conducted. If the psychological or social domain score is significantly 
higher than the physical domain score on the questionnaire, it is 
important to address the psychosocial well-being of patients during 
counseling and education. This approach can help physicians provide 
appropriate guidance and support to patients. A recent study revealed 
that adults with chronic cough experience a disproportionate burden of 
depressive symptoms and are at a higher risk for recurrent depression 
[28], highlighting the importance of addressing the psychosocial factors 
of chronic cough.

Our study has several limitations. Firstly, only Korean patients were 
included, and the psychological and social impacts of cough may not 
necessarily be identical in other cultures. It is important to assess the 
generalizability of our results in different countries in future studies. 
Second, the number of included patients was relatively small, and pa
tients with various causes of chronic cough were unevenly represented. 
In addition, while we acknowledge that including other multidimen
sional questionnaires, such as the 36-item Short-Form Survey, could 
provide additional support for our classification, we were unable to 
perform further analyses due to the absence of such data in our study. 
Although our study was externally validated, further validation is 
required to confirm our results in a larger cohort of patients with varying 
causes of cough. Finally, we did not present any results on how the 
reclassification of the K-LCQ may affect the assessment or management 
of patients in actual clinical practice. Further research is required to 
explore the practical implications of our findings and how they can be 
applied to improve patient care. Nevertheless, we believe that our an
alyses provide valuable insights into the complex interrelationship be
tween cough and its impacts on different domains of quality of life, 
which can ultimately lead to an improvement in patient management.

5. Conclusion

Our study found complex inter-correlations between items in the 
physical, psychological, and social domains of the K-LCQ through cor
relation and network analyses. The reclassification of the items has led 
to improved coherence in each domain. Further studies are required to 
determine the clinical implications of this reclassification.
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