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Introduction 
Chronic cough (CC), defined as a cough lasting 
longer than 8 weeks,1 is one of the most common 

reasons people in the United States (US) seek med-
ical attention.2,3 The global prevalence of CC is 
approximately 9%.4 While CC is often secondary 
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Abstract
Aims: The Cough Severity Diary (CSD) was developed in accordance with the FDA guidance for 
patient-reported outcome measures and is focused on capturing the patient’s perception of 
cough in terms of frequency, intensity, and disruption due to their cough. The measure includes 
a series of seven items asking patients to rate the frequency (three items), intensity (two items), 
and disruptiveness (two items) of their cough. The instrument was designed to be completed 
daily before bedtime, has a recall period of ‘today,’ and responses to items are entered on an 
11-point numeric rating scale ranging from 0 to 10 with anchors on each end. The objective of 
this analysis was to confirm the domain structure of the CSD and assess its reliability, validity, 
and responsiveness in adult patients with refractory or unexplained chronic cough (RCC/UCC). 
Criteria for defining meaningful changes in mean weekly CSD total and domain scores in the 
context of a clinical trial were also developed.
Methods: Pooled data from a phase II randomized controlled trial of an investigational treatment 
for RCC/UCC were analyzed. Participants were non-smokers, had RCC/UCC for ⩾1 year, and 
a baseline cough severity visual analogue scale (VAS) ⩾40 mm. CSD scores (baseline, week 4), 
were analyzed; the Leicester Cough Questionnaire (LCQ), cough severity VAS, Patient Global 
Impression of Change (PGIC), and objective cough frequency counts were used for validation. 
CSD domain structure (Total, Frequency, Intensity, Disruption) was assessed for scoring.
Results: A total of 253 participants were included (mean age 60.2; 76% female). Global fit of the three-
factor CSD was acceptable. For the CSD total score, internal consistency (α = 0.89) and test–retest 
reliability (intraclass correlation coefficient = 0.68) were high. CSD total scores were correlated with 
the LCQ total (r = –0.62) and cough severity VAS (r = 0.84). Participants with a PGIC score of 1 or 2 
(most improved groups) had the greatest mean score improvement on the CSD Total (Day 0 to Day 
28), supporting responsiveness (similar findings for subscales). A change threshold of ⩾1.3-point 
reduction on the total and subscale scores is appropriate to define clinically meaningful improvement.
Conclusion: The CSD is a reliable, valid, and responsive measure of cough symptom severity 
in patients with refractory or unexplained chronic cough and fit-for-purpose for assessing 
changes in cough severity in clinical trials.
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to other conditions like chronic obstructive pulmo-
nary disease and gastroesophageal reflux disease, a 
significant proportion of individuals experience CC 
in the absence of another identified disorder [i.e. 
unexplained CC (UCC)] or when an underlying 
condition is adequately treated [i.e. refractory CC 
(RCC)].5 Patients who experience RCC/UCC 
have been shown to have negatively impacted 
health-related quality of life (HRQL), depressed 
mood, and inability to take part in daily activities,6,7 
in addition to social disruptions8 and depression.9

A number of tools are available to assess various 
aspects of cough, including objective cough fre-
quency, cough severity, and impact on HRQL. The 
current gold standard for assessing the efficacy of 
cough therapies in clinical trials is objective cough 
frequency.10 The assessment of cough frequency, 
however, is largely restricted to clinical research set-
tings as the method relies on the use of recording 
devices and manual counting of coughs from a 
24-hour recording; a process that requires extensive 
training and specialty equipment/software and is 
labor-intensive and time-consuming. In the setting 
of clinical practice, guidelines often recommend the 
use of validated and reliable patient-reported out-
come (PRO) instruments to assess effectiveness of 
interventions.11 These instruments may be more 
easily administered and can evaluate the impact of 
cough on the patients’ life.

While various PROs have been used in therapeutic 
trials to assess the impact of CC on HRQL, such 
as the Leicester Cough Questionnaire (LCQ) and 
the Cough-Specific Quality of Life Questionnaire 
(CQLQ), few measures have been developed to 
assess cough symptom severity. Moreover, only 
one PRO instrument, the Cough Severity Diary 
(CSD)12,13 has been developed to measure cough 
symptom severity following standards for PRO 
development put forth by the Medical Outcomes 
Trust14 and the US Food and Drug Administration 
(FDA),15 in order to be suitable for use as an end-
point in clinical programs.12 The various cough 
assessment tools that have been developed meas-
ure distinct yet related aspects of the impact cough 
has on a patient. As such, these tools complement 
one another and are frequently used in combina-
tion.16 A PRO measuring cough symptom severity 
may play an important role in understanding the 
impact of cough management strategies on HRQL, 
particularly in clinical practice settings where 
cough frequency monitoring is not feasible. The 
content of the CSD was developed through a 

qualitative study in which three focus groups were 
conducted with patients with CC.12 Patients indi-
cated that cough symptom severity could be 
described and assessed through three domains, 
including: frequency, intensity, and disruption. 
Following the qualitative study, a small quantita-
tive pilot study of the CSD was conducted with 
patients with chronic and subacute cough.13 
Confirmatory factor analysis (CFA) supported the 
three domains identified in the qualitative study. 
The CSD also demonstrated acceptable internal 
consistency, test–retest reliability, and construct 
validity; known-groups validity and responsiveness 
were not assessed. The sample size in this pilot 
study was small, thus further investigation in a 
larger sample is warranted, utilizing a similar 
patient population and assessments.

The objectives of this study were to confirm the 
domain structure of the CSD and assess the reliabil-
ity, validity, and responsiveness in a larger study of 
adult patients with RCC/UCC Reliability, validity, 
and responsiveness were assessed as follows: CFA 
to evaluate domain structure, test–retest reliability 
(or stability) of mean weekly scores over time, sta-
bility of CSD scores in participants reporting ‘no 
change’ on the patient global impression of change 
(PGIC) questionnaire, convergent validity evalu-
ated by comparing the CSD to other well estab-
lished instruments [such as the LCQ, awake cough 
frequency, cough visual analog scale (VAS)], 
known-groups validity to determine whether the 
CSD can discriminate between groups known to 
differ on the LCQ and awake cough frequency, 
responsiveness from baseline to day 28 as measured 
by the PGIC scale, and several methods to evaluate 
meaningful change (or response) to treatment.

Materials and methods

Study sample
This study was a secondary post hoc analysis of a 
phase II, multicenter, multinational, placebo-
controlled, double-blind trial conducted to assess 
the efficacy of three doses (7.5 mg BID, 20 mg 
BID, 50 mg BID) of MK-7264 or matching pla-
cebo, in reducing awake objective cough fre-
quency in men and women 18–80 years with 
treatment of RCC or UCC [ClinicalTrials.gov 
identifier: NCT02612610]. Patients underwent 
screening and baseline (day 0) assessments and 
took the study drug every 12 h for days 1–84. 
Data used for this analysis were from screening 
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(day –14 to day –1) to day 28 and were pooled 
across treatment groups.

Preliminary eligibility criteria for enrollment included: 
no abnormality that could significantly contribute to 
the CC upon the conduct of a chest radiograph or 
computed tomography of the thorax within 5 years of 
assessed eligibility; diagnosis of RCC or unexplained 
cough for at least 1 year; and a score of ⩾40 on the 
cough severity VAS at screening.

Outcome measures
Cough severity diary. The CSD was designed to 
capture patients’ assessments of cough severity 
through a series of seven items asking them to rate 
the frequency (Items 1–3), intensity (Items 4 and 
5), and disruption (Items 6 and 7) of their cough. 
The CSD is intended to be completed in the eve-
ning prior to going to bed and has a recall period of 
‘today’. Responses to items are entered on an 
11-point numeric rating scale (NRS) ranging from 
0 to 10 with higher scores indicating greater severity. 
Specifically, the first item asks the participant to 
indicate how often he/she coughed today with NRS 
anchors of ‘never’ to ‘constantly’; the second and 
third questions ask the participant to indicate how 
often their cough turned into a coughing fit (‘never’ 
to ‘always’) and how often they had an urge to cough 
today (‘never’ to ‘constantly’); the fourth and fifth 
items ask the participant to rate how harsh their 
cough was today (‘not at all’ to ‘extremely’) and how 
much physical discomfort they had because of their 
cough today (‘none’ to ‘extreme’); finally, items six 
and seven ask the participant to indicate how much 
their cough disrupted their activities today (‘not at 
all’ to ‘could not perform activities’) and how much 
their cough disrupted their sleep last night (‘not at 
all’ to ‘could not sleep at all’). The CSD was origi-
nally developed as a paper diary and subsequently 
migrated to an electronic version implemented as 
an interactive web response system and Interactive 
voice response system in this study.

The total score was calculated by averaging over 
all seven items each day, with domain scores cal-
culated as the mean across items within each 
domain. If one item was missing from a subscale, 
the other item(s) were used to calculate the sub-
scale score. If more than one item was missing, 
the subscale score was also missing. If a subscale 
score was missing, the total score was also miss-
ing. Weekly mean scores were calculated if at 
least one day of data was completed.

Leicester Cough Questionnaire. The LCQ is a 
19-item cough-specific HRQL PRO instrument 
which contains three domains (physical, psycho-
logical, and social), calculated as a mean score for 
each domain ranging from 1 to 7, and a total score 
calculated as the sum of the domain scores (rang-
ing from 1 to 21). Each item on the LCQ assesses 
symptoms or the impact of symptoms on HRQL 
over the past 2 weeks using a 7-point Likert scale 
ranging from 1 (‘all the time’) to 7 (‘none of the 
time’). Higher scores indicate better HRQL.17 
The LCQ was administered on paper at baseline, 
and at weeks 4, 8, and 12 during the study.

Cough severity visual analog scale and patient 
global impression of change PROs. The cough 
severity VAS is a single-item measure of the 
patient’s perception of cough severity today’. It is 
scored on a 100-mm scale, where the anchors 
range from ‘Not at all’ to ‘Extremely’.18 The 
Cough VAS was completed on paper at baseline, 
and at weeks 4, 8, and 12 during the study.

The PGIC measures change is a self-reported 
instrument of the patient’s overall improvement 
on a seven-point scale, ranging from 1 (very much 
improved) to 7 (very much worse).19 The PGIC 
was completed on paper at weeks 4, 8, and 12 
during the study.

Awake objective cough frequency. To determine 
cough frequency, a 24-hour ambulatory sound 
recorder (VitaloJAK, Vitalograph, Buckingham, 
UK), was used. Digital recordings were processed 
in a centralized reading center, where recordings 
were condensed using a computer algorithm 
before human analysts identified and tagged indi-
vidual coughs. The output of this process was a 
count of coughs for each 24-hour recording 
period, as well as cough counts for awake and 
asleep portions of the day. The objective cough 
frequency utilized in the current analyses included 
only coughs recorded during awake periods.

Statistical analyses
Instrument structure

Sample and CSD descriptive statistics. Descrip-
tive statistics [mean, standard deviation (SD), 
frequencies for categorical data] were calculated 
for demographic and clinical variables at base-
line (day 0), as well as for the individual items, 
domain, and total score of the CSD. In addition, 
the percentage of CSD items exhibiting ceiling 
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and floor effects were calculated. An item was 
considered to exhibit a floor or ceiling effect if the 
minimum or maximum response was selected by 
>25% of participants, respectively.

Confirmatory factor analysis. CFA at baseline 
(day 0) was conducted using a structural equa-
tion modeling (SEM) approach to confirm the 
three-factor model proposed by Vernon and 
colleagues.13  In the context of SEM, several fit 
statistics were used to assess the adequacy of the 
model to explain the data. In general, a model 
explains the data well if the comparative fit index 
(CFI) is ⩾0.9. The standardized root mean 
residual (SRMR) measures the mean absolute 
difference between observed and model-implied 
correlations; values of <0.1 were considered 
acceptable.20 Finally, the root mean square error 
of approximation (RMSEA) is a measure of fit 
assessing the discrepancy between the predicted 
and observed data per degree of freedom; values 
<0.08 are considered acceptable.21 Adequacy of 
fit was also assessed through examination of the 
modification indices. Factor loadings of ⩾0.40 
were considered acceptable.

Analysis of measurement properties
Internalconsistency and test–retest  reliability.  

Internal consistency reliability addresses the 
extent to which individual items within each scale 
are related to each other and with the scale as a 
whole. Internal consistency (Cronbach’s alpha) 
reliability of the CSD total and domain scores 
was calculated at baseline (day 0). In addition, 
the test–retest reliability (or stability) of the mean 
weekly CSD total and domain scores over time 
was evaluated in the subset of participants catego-
rized as ‘stable’ participants. Stability was defined 
as participants reporting ‘no change’ on the PGIC 
from baseline (day 0) to day 28. Change scores 
using paired t-tests, intraclass correlation coeffi-
cients (ICCs) and Pearson’s r correlations were 
calculated between the baseline (day –6 to day 0) 
mean weekly CSD scores and retest mean weekly 
CSD scores at week 4 (day 22 to day 28).

Convergent validity. Convergent validity involves 
demonstrating that different measures of the same 
concept substantially correlate. Convergent valid-
ity was assessed for the mean weekly CSD domain 
and total scores by relating measures to the CSD 
that measure constructs similar to cough severity. 
The mean weekly CSD total and subscale scores 
at baseline were correlated (Pearson’s r) with the 

LCQ, awake objective cough frequency, and VAS 
cough severity at baseline (day 0). Moderate to 
large relationships (r > 0.30) with the CSD were 
expected for all measures.

Known-groups validity. Known-groups valid-
ity is the extent to which scores from an instru-
ment are distinguishable from groups of subjects 
that differ by relevant clinical or other indicators. 
Given there is no ‘gold standard’ of cough dis-
ease severity, two different anchors were used, 
including the LCQ and awake objective cough 
frequency. To assess known-groups validity of the 
mean weekly CSD domain and total scores at 
baseline, participants were stratified into tertiles 
using the sample distribution, according to the 
LCQ total score at baseline (day 0). This analysis 
was replicated, wherein participants were strati-
fied into tertiles according to awake objective 
cough frequency. Analysis of variance was used 
for these analyses, with post hoc category com-
parisons via Scheffe’s test to determine whether 
CSD scores discriminate between LCQ and 
awake objective cough frequency groups.

Responsiveness. Responsiveness is a type of 
validity and refers to the extent to which the instru-
ment can detect true change in patients known to 
have changed in clinical status.22 To evaluate the 
responsiveness of the CSD, analysis of covariance 
was used to compare change in mean weekly CSD 
domain and total scores, controlling for baseline 
CSD scores, from baseline to week 4, by response 
on the PGIC at day 28. This analysis was replicated 
using percentage change in awake objective cough 
frequency, wherein participants were considered 
responders/non-responders using four definitions 
of response: (a) ⩾30% reduction; (b) ⩾50% reduc-
tion; (c) ⩾70% reduction; and (d) using a distribu-
tion-based approach, participants with a change of 
⩾0.30 SD. As recommended by the FDA,15 effect 
size (ES) was calculated for the mean weekly CSD 
domain and total scores for the groups as defined 
above. Effect size is a measure of change that pro-
vides a means of standardizing the quantification 
for comparison between groups.23 Effect size was 
calculated by subtracting the mean baseline score 
from the mean week 4 score and dividing by the 
baseline SD. Effect size was interpreted as small 
(0.20), moderate (0.50), or large (0.80) following 
the guidelines proposed by Cohen.24

Score interpretation. To evaluate what would 
constitute a meaningful change in the CSD and 
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define responders to treatment in a clinical trial 
setting, both anchor- and distribution-based 
approaches were used. For the anchor-based 
analysis, mean change in mean weekly CSD 
scores from baseline to the mean of week 4 was 
categorized by PGIC category assessed at day 28. 
The PGIC was grouped into five categories: 1 and 
2 (‘Very much improved’ and ‘Much improved’); 
3 (‘Minimally improved’); 4 (‘No change’); 5 
(‘Minimally worse’); and 6 and 7 (‘Much worse’ 
and ‘Very much worse’). The minimally important 
change threshold was defined as the mean CSD 
change score of patients who reported ‘Somewhat 
improved’ or ‘Somewhat worse’ on the PGIC.

In addition to the anchor-based approach for 
score interpretation, a distribution-based approach 
was used for interpreting the CSD. Specifically, 
the standard error of measurement (SEm) was 
calculated.25,26 The SEm is estimated by multi-
plying the baseline standard deviation of the 
measure by the square root of one minus its 
 reliability coefficient (ICC from the test–retest 
assessment). Shikiar and colleagues27 found that 
there is a general correspondence between a 
meaningful change threshold and SEm; however, 
it is dependent upon the magnitude of the relia-
bility coefficient. A second distribution-based 
approach included an assessment of half of a 
standard deviation of the CSD total and subscale 
scores at baseline (day 0). Norman and col-
leagues28 suggest that half of a standard deviation 
of a measure represents a good approximation of 
the meaningful change threshold.

Finally, receiver operating characteristic (ROC) 
curves were evaluated to help determine the 
threshold values for change in mean weekly CSD 
total and subscale scores from baseline (day –6 to 
day 0) to the mean of day 22 to day 28 with the 
best sensitivity and specificity for predicting 
patients scoring a 1, 2 or 3 versus 4, 5, 6, or 7 on 
the PGIC. Positive and negative predictive values 
were also calculated. Youden’s index was used to 
determine the change score on the CSD which 
optimized sensitivity and specificity in predicting 
global improvements based on the PGIC.29

Results

Instrument structure
Sample and CSD descriptive statistics. A total of 
253 patients were included in the study. Most 

participants were female (76.3%), and White 
(92.9%), with a mean age of 60.2 (SD = 9.9). All 
participants (100%) had a history of CC, and 
over half (57.7%) had been treated for CC 1 year 
prior to screening. Almost all participants (97.6%) 
had used medication to treat their cough within 
30 days of screening (Table 1).

Descriptive statistics for the CSD items and 
domain scores are shown in Table 2. At Baseline 
(day 0), the CSD item mean (SD) scores ranged 
from 2.6 (2.6) for Item 6 (‘disrupt your activi-
ties’) to 5.6 (2.2) for Item 3 (‘urge to cough’). 
The full range of scores (0–10) was represented 
for all items at baseline, except for Item 1 (‘often 
cough today’). No ceiling effects were observed, 
but floor effects were observed for Item 7 (‘dis-
rupt your sleep’), with the minimum response 
selected by 29% of participants.

Confirmatory factor analysis. The overall fit of the 
three-factor CSD (including frequency, intensity, 
and disruption factors) was found to be accept-
able according to the CFI and SRMR values 
(0.905 and 0.048), respectively. However, the 
RMSEA value was slightly larger than expected 
(0.217, 95% confidence interval = 0.185, 0.251). 
All item factor loadings were found acceptable for 
the frequency (0.775–0.848), intensity (0.877–
0.880), and disruption (0.672–0.934) subscales.

Analysis of measurement properties
Internal consistency and test–retest reliabil-
ity. Cronbach’s alpha (α) was high at baseline 
(day 0) for the CSD Total score (α = 0.923), as 
well as the frequency (α = 0.839), intensity 
(α = 0.869), and disruption (α = 0.771) domains.

For the assessment of test–retest reliability, 60 
participants were considered stable from baseline 
(day 0) to day 28 and included in the analysis 
(Table 3). Acceptable test–retest reliability was 
demonstrated for the mean weekly CSD total and 
domain scores via the assessment of the ICCs 
(ICCs = 0.90, total score; 0.87–0.92 for domain 
scores) and Pearson’s r values (r = 0.92, total 
score; 0.89–0.93 for domain scores).

Convergent validity. The CSD mean weekly total 
and domain scores were significantly correlated 
with conceptually similar measures of cough sever-
ity and frequency (Table 4). Moderate-to-large 
correlations were seen with related measures, 
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including the LCQ total score (r = –0.59 to –0.64) 
and LCQ subscale scores (r = –0.44 to –0.61), and 
cough severity VAS (r = 0.42 to 0.57), all significant 
at p < 0.0001.

Known-groups validity. The results of the known-
groups validity analysis of mean weekly CSD 
scores utilizing the LCQ to define known-groups 
are found in Table 5. In support of known-groups 
validity, the CSD Total and domain scores were 
highest (worse) in patients in the lowest LCQ score 
group, indicating reduced quality of life; CSD 
scores decreased (improved) in correspondence 
with improvement in LCQ scores. For example, 
for the CSD total score, the mean (SE) CSD scores 
were 7.0 (0.32), 4.5 (0.13), and 3.1 (0.17) for the 
lowest (total scores of 3–8), middle (total scores of 
9–13), and highest (total scores of 14–21) LCQ 
tertile groups, respectively. Similar results were 
found when investigating known-groups validity 
using awake objective cough frequency to define 
known-groups. As shown in Table 6, CSD Total 
and domain scores were lowest in the lowest objec-
tive cough frequency group, and increased for the 
two higher groups, as expected.

Responsiveness. Responsiveness of mean weekly 
CSD Total and subscale scores was supported 
when using the PGIC as an anchor. Specifically, 

Table 1. Sociodemographic and clinical 
characteristics at baseline (day 0).

Characteristics Total
n = 253

Age, mean (SD) 60.2 (9.9)

Gender n (%)

 Male 60 (23.7%)

 Female 193 (76.3%)

Ethnicity n (%)

 Hispanic or Latino 3 (1.2%)

 Not Hispanic or Latino 250 (98.8%)

Race n (%)

 White 235 (92.9%)

 Black 12 (4.7%)

 Asian 3 (1.2%)

 Other 3 (1.2%)

Chronic cough history 253 (100.0%)

Medications used 30 days prior to 
screening

247 (97.6%)

Chronic cough treatments 1 year 
prior to screening

146 (57.7%)

SD, standard deviation.

Table 2. CSD1 descriptive statistics at baseline (day 0) (n = 239).

Item/domain Mean (SD) Range n, % floor1 n % ceiling1

Item 1 5.4 (2.0) 1.0–10.0 0 (0.0%) 5 (2.1%)

Item 2 3.6 (3.6) 0.0–10.0 40 (16.7%) 6 (2.5%)

Item 3 5.6 (2.2) 0.0–10.0 2 (0.8%) 12 (5.0%)

Item 4 4.9 (2.4) 0.0–10.0 4 (1.7%) 7 (2.9%)

Item 5 3.9 (2.6) 0.0–10.0 23 (9.6%) 6 (2.5%)

Item 6 3.2 (2.6) 0.0–10.0 47 (19.7%) 3 (1.3%)

Item 7 2.6 (2.6) 0.0–10.0 69 (28.9%) 3 (1.3%)

Total Score 4.2 (2.1) 0.3–9.6 0 (0.0%) 0 (0.0%)

Frequency 4.9 (2.1) 0.7–10.0 0 (0.0%) 2 (0.8%)

Intensity 4.4 (2.4) 0.0–10.0 2 (0.8%) 4 (1.7%)

Disruption 2.9 (2.4) 0.0–10.0 27 (11.3%) 1 (0.4%)

1Floor = minimum response >25%; ceiling = maximum response >25%.
CSD, Cough Severity Diary; SD, standard deviation.
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participants with a PGIC score of 1 or 2 (the most 
improved groups) had the greatest mean score 
change on the CSD Total (–2.7; range –6.9–0.2), 

and a large effect size (Cohen’s α = –1.5; Table 7). 
Participants with a PGIC score of 3 (‘Minimally 
improved’) had a mean change score of –1.3 

Table 3. Test–retest reliability (reproducibility) of CSD mean weekly scores: patients reporting no change on PGIC from baseline (day 
0) to day 28.

CSD Total/subscales n Baseline mean (SD) Visit 4 mean (SD) Difference1 p value Pearson’s r2 ICC

Total Score 60 4.3 (1.92) 4.0 (2.02) –0.3 0.0016 0.92 0.90

Frequency 60 5.2 (1.87) 4.8 (2.06) –0.4 0.0023 0.89 0.87

Intensity 60 4.5 (2.14) 4.2 (2.27) –0.3 0.0078 0.90 0.89

Disruption 60 2.9 (2.36) 2.7 (2.33) –0.3 0.0210 0.93 0.92

1Difference = Mean of visit 4 (day 22 to day 28) – Mean of baseline (day –6 to day 0).
2Pearson’s product-moment correlation.
CSD, Cough Severity Diary; ICC, intraclass correlation coefficient; PGIC, Patient Global Impression of Change; SD, standard deviation.

Table 4. Pearson’s correlations between mean weekly CSD scores at baseline (day –6 to day 0) and 
conceptually related measures at baseline (day 0).

Measure at baseline Cough severity weekly score at baseline

Total Frequency Intensity Disruption

LCQ total score –0.64a –0.59a –0.59a –0.61a

LCQ physical –0.59a –0.52a –0.53a –0.61a

LCQ psychological –0.48a –0.47a –0.44a –0.43a

LCQ social –0.60a –0.55a –0.57a –0.58a

Cough severity visual analogue scale 0.53a 0.57a 0.50a 0.42a

aPearson’s correlation coefficients p < 0.0001.
CSD, Cough Severity Diary; LCQ, Leicester Cough Questionnaire.

Table 5. Known-groups validity: mean weekly CSD score at baseline (day –6 to day 0) by LCQ total score 
groups at baseline (day 0).

CSD total/
subscales

Leicester Cough Questionnaire Group Overall F 
value

p value

Score 3–8 Score 9–13 Score 14–21

n Mean (SE) n Mean (SE) n Mean (SE)

Total Score 24 7.0 (0.32) 142 4.5 (0.13) 85 3.1 (0.17) 61.47 <0.0001

Frequency 24 7.4 (0.31) 142 5.2 (0.13) 85 3.9 (0.17) 51.78 <0.0001

Intensity 24 7.3 (0.37) 142 4.8 (0.15) 85 3.3 (0.20) 47.37 <0.0001

Disruption 24 6.1 (0.38) 142 3.3 (0.16) 85 1.8 (0.20) 53.00 <0.0001

CSD, Cough Severity Diary; LCQ, Leicester Cough Questionnaire.
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(range –5.8–1.3), and a large effect size (–0.8). 
Mean score change on the CSD total score was 
smaller with each subsequent PGIC score cate-
gory group, with corresponding smaller effect 
sizes for each group. A similar pattern was found 
for each of the CSD subscales.

Awake objective cough frequency was also used 
as an anchor to assess responsiveness of mean 
weekly CSD scores. When using various thresh-
olds for determining response for awake objective 
cough frequency (i.e. ⩾30%, ⩾50%, ⩾70% 
reduction and reduction ⩾0.30 SD), mean score 
changes and effect sizes on the CSD total score 
were always larger for those considered respond-
ers compared with non-responders using awake 
objective cough frequency responder thresholds 
(Table 8). Similar findings were evident for the 
CSD subscale scores. Taken together, these find-
ings provide strong support for the responsiveness 
of the CSD.

Score interpretation. Using an anchor-based 
approach, change in mean weekly CSD scores 
associated with a PGIC score of 3, ‘Minimally 
improved’, were –1.3 for the CSD Total score and 
ranged from –1.4 to –1.1 for domain scores (Table 
7). Distribution-based estimates (SEm and one-
half SD) were similar, but smaller, than the anchor-
based estimates for the CSD, with distribution-based 
estimates ranging from 0.95 to 0.99 for the CSD 
total score, and estimates ranging from 0.91 to 
1.11 for the domain scores (Table 9). Lastly, results 
of the ROC analysis demonstrated that a mean 
(SD) change of –1.3 (–1.2) on the CSD total score 
was associated with the largest Youden’s Index 

score (maximizing sensitivity and specificity) in 
predicting a PGIC rating of at least ‘Minimally 
improved’ while a mean (SD) change of –2.5 
(–1.5) on the CSD total score was most predictive 
of PGIC a rating of at least ‘Improved’ (Table 10). 
After considering the findings from multiple meth-
ods, it is proposed that a change threshold of a 
⩾1.3-point reduction on the CSD total and sub-
scale scores is appropriate to define clinically 
meaningful improvement.

Discussion
The present findings build upon the reliability 
and construct validity of the CSD found in the 
initial pilot study investigation of patients with 
chronic and subacute cough.12 There has been 
extensive discussion in the literature regarding 
the merits and limitations of the various PRO’s 
used to evaluate cough in clinical set-
tings.10,11,18,30,31 Objective quantification of cough 
is important for the evaluation of antitussive ther-
apies, however, evaluation of symptom severity 
and quality of life through PRO’s reflect impor-
tant considerations from the patients’ perspec-
tive.31 Accordingly, the American College of 
Chest Physicians recommends that validated and 
reliable health-related quality-of-life question-
naires be used as the measurement of choice to 
assess the impact of cough.11 Multiple measures 
have been developed to assess the impact on 
cough on HRQL, such as the LCQ,17 the 
CQLQ,32 and the Chronic Cough Impact 
Questionnaire.33 Other generic PRO measures of 
depression, anxiety, fatigue, and mood have been 
used to better understand the burden of disease 

Table 6. Known-groups validity: mean weekly CSD score at baseline (day –6 to day 0) by awake objective cough 
frequency groups at baseline (day 0).

CSD total/subscales Objective cough frequency group Overall 
F value

p value

0–33 Percentile 34–66 percentile 67–100 percentile

n Mean 
(SE)

n Mean 
(SE)

n Mean (SE)

Total Score 83 3.3 (0.19) 83 4.4 (0.19) 83 5.2 (0.19) 23.74 <0.0001

Frequency 83 3.9 (0.18) 83 5.1 (0.18) 83 5.9 (0.18) 28.68 <0.0001

Intensity 83 3.5 (0.22) 83 4.6 (0.22) 83 5.5 (0.22) 21.86 <0.0001

Disruption 83 2.2 (0.23) 83 3.1 (0.23) 83 3.8 (0.23) 11.67 <0.0001

CSD, Cough Severity Diary.
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associated with CC.9,34 However, unlike these 
instruments that focus on HRQL and the impacts 
of cough, the CSD is different as it is the first 
patient-reported tool that directly assesses dimen-
sions of cough severity important to patients, 

including frequency of cough, intensity, and dis-
ruption to sleep and activities. Thus, the develop-
ment of the CSD complements measures of 
HRQL and objective cough frequency, as it helps 
to describe CC as experienced by the patient. 

Table 7. Responsiveness of mean weekly CSD scores: CSD total and domain scores from baseline (day –6 to 
day 0) to visit 4 (day 22 to day 28) by PGIC at day 28.

CSD total/subscale, patient 
global impression of change 
(PGIC) category

n Baseline 
mean (SD)

Visit 4 
mean 
(SD)

Mean change score1 Effect size2

Difference Range

Total Score

PGIC Score 1 & 2 86 4.0 (1.84) 1.4 (1.16) –2.7 –6.9–0.2 –1.5

PGIC Score 3 77 4.2 (1.64) 2.9 (1.63) –1.3 –5.8–1.3 –0.8

PGIC Score 4 60 4.3 (1.92) 4.0 (2.02) –0.3 –2.7–1.5 –0.2

PGIC Score 5 5 7.2 (1.84) 7.4 (1.59) 0.3 –0.2–1.4 0.1

PGIC Score 6 & 7 4 3.9 (2.36) 5.1 (2.18) 1.1 0.4–2.2 0.5

Frequency

PGIC Score 1 & 2 86 4.7 (1.74) 1.7 (1.23) –2.9 –7.10.7 –1.7

PGIC Score 3 77 4.8 (1.57) 3.5 (1.65) –1.3 –5.4–1.1 –0.8

PGIC Score 4 60 5.2 (1.87) 4.8 (2.06) –0.4 –2.7–2.7 –0.2

PGIC Score 5 5 7.5 (1.44) 7.6 (1.39) 0.1 –0.4–0.9 0.1

PGIC Score 6 & 7 4 4.6 (2.02) 6.1 (1.43) 1.5 0.7–2.2 0.7

Intensity

PGIC Score 1 & 2 86 4.3 (2.13) 1.4 (1.40) –2.9 –7.3–0.3 –1.4

PGIC Score 3 77 4.4 (1.88) 3.0 (1.77) –1.4 –6.2–1.0 –0.8

PGIC Score 4 60 4.5 (2.14) 4.2 (2.27) –0.3 –2.7–2.2 –0.2

PGIC Score 5 5 7.3 (1.73) 7.8 (1.20) 0.5 –0.3–1.6 0.3

PGIC Score 6 & 7 4 4.1 (2.94) 5.0 (3.25) 0.9 –0.6–2.6 0.3

Disruption

PGIC Score 1 & 2 86 2.8 (2.12) 0.8 (1.05) –2.0 –7.4–0.8 –0.9

PGIC Score 3 77 3.1 (1.91) 1.9 (1.76) –1.1 –6.4–2.1 –0.6

PGIC Score 4 60 2.9 (2.36) 2.7 (2.33) –0.3 –2.8–1.6 –0.1

PGIC Score 5 5 6.5 (2.78) 6.8 (2.75) 0.3 –0.8–1.8 0.1

PGIC Score 6 & 7 4 2.8 (2.43) 3.6 (2.50) 0.8 0.1–1.8 0.3

1Calculated as weekly mean of visit 4 (day 22 to day 28) minus baseline (day –6 to day 0).
2Calculated as score difference/SD of baseline score.
CSD, Cough Severity Diary; PGIC, Patient Global Impression of Change; SD, standard deviation.
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Table 8. Responsiveness of mean weekly CSD scores: CSD total from baseline (day –6 to day 0) to visit 4 (day 
22 to day 28) by awake objective cough frequency change.

CSD total/subscale, awake 
objective cough frequency 
change

n Baseline 
mean (SD)

Visit 4 
mean (SD)

Mean change score1 Effect 
size2

Difference Range

Total

⩾30% Reduction 124 4.0 (1.71) 2.0 (1.59) –2.1 –6.9–1.4 –1.2

<30% Reduction 101 4.5 (2.02) 3.7 (2.13) –0.8 –5.8–2.2 –0.4

⩾50% Reduction 78 4.1 (1.71) 1.6 (1.15) –2.5 –6.9–0.9 –1.5

<50% Reduction 147 4.3 (1.94) 3.4 (2.13) –0.9 –5.8–2.2 –0.5

⩾70% Reduction 51 4.0 (1.64) 1.2 (1.04) –2.8 –6.9–0 –1.7

<70% Reduction 174 4.3 (1.92) 3.2 (2.04) –1.1 –5.8–2.2 –0.6

Reduction ⩾ 0.3 SD 116 4.4 (1.77) 2.3 (1.93) –2.1 –6.9–1.0 –1.2

Reduction < 0.3 SD 109 4.1 (1.95) 3.3 (2.05) –0.8 –5.8–2.2 –0.4

Frequency

⩾30% Reduction 124 4.6 (1.63) 2.4 (1.64) –2.2 –7.1–1.0 –1.4

<30% Reduction 101 5.2 (1.90) 4.4 (2.15) –0.8 –5.4–2.2 –0.4

⩾50% Reduction 78 4.7 (1.59) 2.0 (1.25) –2.7 –7.1–0.5 –1.7

<50% Reduction 147 5.0 (1.86) 4.0 (2.17) –1.0 –5.4–2.2 –0.5

⩾70% Reduction 51 4.5 (1.54) 1.6 (1.09) –2.9 –7.1–0 –1.9

<70% Reduction 174 5.0 (1.83) 3.8 (2.09) –1.2 –5.4–2.2 –0.6

Reduction ⩾ 0.3 SD 116 5.0 (1.64) 2.8 (1.99) –2.3 –7.1–1.4 –1.4

Reduction < 0.3 SD 109 4.8 (1.90) 3.9 (2.13) –0.9 –5.4–2.2 –0.5

Intensity

⩾30% Reduction 124 4.3 (1.95) 2.0 (1.78) –2.3 –7.3–1.6 –1.2

<30% Reduction 101 4.7 (2.28) 3.9 (2.37) –0.8 –5.9–2.6 –0.4

⩾50% Reduction 78 4.4 (1.93) 1.6 (1.37) –2.8 –6.7–0.9 –1.4

<50% Reduction 147 4.5 (2.20) 3.5 (2.35) –1.0 –7.3–2.6 –0.5

⩾70% Reduction 51 4.3 (1.89) 1.2 (1.23) –3.1 –6.7–0.2 –1.7

<70% Reduction 174 4.5 (2.17) 3.4 (2.26) –1.2 –7.3–2.6 –0.5

Reduction ⩾ 0.3 SD 116 4.7 (2.02) 2.4 (2.18) –2.4 –7.3–1.6 –1.2

Reduction < 0.3 SD 109 4.2 (2.17) 3.4 (2.23) –0.8 –5.9–2.6 –0.4

(Continued)
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This investigation into the psychometric proper-
ties of the CSD shows that CSD total and domain 
scores demonstrated good internal consistency 
reliability, test–retest reliability over 28 days, and 
construct and known-groups validity. Strong-to-
moderate correlations were seen between the 
CSD total and subscale scores and the LCQ, 
objective cough frequency, and cough severity 
VAS score. The CSD was also able to distinguish 
between groups of patients who differed across 
categories of cough-specific HRQL as determined 
by LCQ scores, and categories of awake objective 
cough frequency scores. Responsiveness testing 

demonstrated that the CSD was highly respon-
sive to changes in cough-specific HRQL and 
cough frequency over time. Large effect sizes 
were seen for CSD change scores associated with 
changes in patient-reported cough severity (PGIC 
groups) and changes in objective cough frequency 
scores.

The psychometric analyses also provide support 
for the relevance of the three-domain structure in 
patients with RCC/UCC. Specifically, the overall 
fit of the three factor CSD (including frequency, 
intensity, and disruption factors) was found to be 

Table 9. Distribution based meaningful change threshold for CSD.

CSD total/subscales Mean (SD) at baseline 1/2 SD1 SEm2

Total Score 4.3 (1.90) 0.95 0.99

Frequency 4.9 (1.82) 0.91 1.03

Intensity 4.5 (2.15) 1.07 1.10

Disruption 3.0 (2.22) 1.11 0.93

1Norman and colleagues29 suggests that one-half of a standard deviation of a measure represents a good approximation of 
meaningful change.
2Standard error of measurement (SEm) = SD*sqrt(1 – ICC), where ICC is based on awake objective cough frequency 
defined test–retest reliability.
CSD, Cough Severity Diary; ICC, intraclass correlation coefficient.

CSD total/subscale, awake 
objective cough frequency 
change

n Baseline 
mean (SD)

Visit 4 
mean (SD)

Mean change score1 Effect 
size2

Difference Range

Disruption

⩾30% Reduction 124 2.8 (1.99) 1.2 (1.55) –1.6 –7.4–1.8 –0.8

<30% Reduction 101 3.2 (2.43) 2.6 (2.35) –0.7 –6.4–2.1 –0.3

⩾50% Reduction 78 2.9 (2.04) 0.9 (1.05) –2.0 –7.4–1.4 –1.0

<50% Reduction 147 3.1 (2.29) 2.3 (2.29) –0.7 –6.4–2.1 –0.3

⩾70% Reduction 51 2.8 (1.95) 0.7 (1.00) –2.1 –7.4–0.0 –1.1

<70% Reduction 174 3.1 (2.27) 2.2 (2.17) –0.9 –6.4–2.1 –0.4

Reduction ⩾ 0.3 SD 116 3.1 (2.16) 1.5 (1.86) –1.7 –7.4–1.6 –0.8

Reduction < 0.3 SD 109 2.9 (2.25) 2.2 (2.20) –0.6 –6.4 – 2.1 –0.3

1Calculated as weekly mean of visit 4 (day 22 to day 28) minus baseline (day –6 to day 0).
2Calculated as score difference/SD of baseline score.
CSD, Cough Severity Diary; SD, standard deviation.

Table 8. (Continued)
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Table 10. Receiver operating characteristic curve analysis for CSD score thresholds predictive of patient 
global impression of change score of 1, 2, and 3.

CSD total/subscale, 
change score threshold

Sensitivity Specificity Positive 
predictive value

Negative 
predictive value

Youden’s 
index

Total Score

 < –1 0.74 0.84 0.92 0.57 0.58

 < –1.1 0.72 0.88 0.94 0.57 0.60

 < –1.2 0.70 0.91 0.95 0.56 0.61

 < –1.3 0.66 0.93 0.96 0.54 0.59

 < –2 0.45 0.97 0.97 0.43 0.42

 < –3 0.21 1.00 1.00 0.35 0.21

 < –4 0.12 1.00 1.00 0.32 0.12

 < –5 0.04 1.00 1.00 0.31 0.04

 < –6 0.01 1.00 1.00 0.30 0.01

Frequency

 ⩽ –1 0.78 0.75 0.88 0.59 0.53

 ⩽ –1.1 0.74 0.81 0.90 0.57 0.55

 ⩽ –1.2 0.73 0.84 0.92 0.57 0.57

 ⩽ –1.3 0.71 0.87 0.93 0.56 0.58

 < –2 0.51 0.99 0.99 0.46 0.49

 < –3 0.27 1.00 1.00 0.37 0.27

 < –4 0.13 1.00 1.00 0.33 0.13

 < –5 0.06 1.00 1.00 0.31 0.06

 < –6 0.01 1.00 1.00 0.30 0.01

 < –7 0.01 1.00 1.00 0.30 0.01

Intensity

 < –1 0.77 0.80 0.90 0.59 0.56

 < –1.1 0.74 0.84 0.92 0.57 0.58

 < –1.2 0.70 0.87 0.93 0.55 0.57

 < –1.3 0.64 0.91 0.95 0.52 0.56

 < –2 0.53 0.96 0.97 0.46 0.48

 < –3 0.28 1.00 1.00 0.37 0.28

(Continued)
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acceptable according to the CFI and SRMR val-
ues. The RMSEA value was higher than would 
typically be considered acceptable; however, this 
is to be expected in this case as models were very 
simplistic. In simplistic models, RMSEA may be 
inflated and not accurately reflect model fit.35

As with all research there are a few limitations 
that should be mentioned. The participants 
included in this study were primarily white 
women; confirmation of these results within a 
broader patient population would be useful. In 
addition, the CSD was developed because there 
were no measures available to adequately assess 
cough severity that includes frequency, intensity, 
and disruptions; therefore, a ‘gold standard’ 
against which to validate the CSD was not avail-
able. Regardless, analyses using the LCQ and 
objective cough counts showed acceptable corre-
lations that support the validity of the CSD. The 
calculation of a mean weekly CSD score in this 

study required a minimum of 1 day of complete 
data which may not completely reflect a week’s 
worth of data; current guidance for the future use 
of the CSD requires a minimum of 4 days of data 
to calculate a mean weekly score, which would be 
expected to further improve the psychometric 
properties of the measure. Finally, the results of 
analyses to define a clinically meaningful change 
on the CSD using the PGIC in this study can be 
considered preliminary and should be confirmed 
in future trials.

Importantly, this study provided the opportunity 
to conduct analyses to help guide the interpreta-
tion and estimation of clinically meaningful CSD 
results, using both anchor- and distribution-based 
methods. Based on results from these methods, a 
change of ⩾1.3 on the CSD total and subscale 
scores likely represents a meaningful improvement 
in cough severity, corresponding with a large effect 
size, and as such can be used to identify responders 

CSD total/subscale, 
change score threshold

Sensitivity Specificity Positive 
predictive value

Negative 
predictive value

Youden’s 
index

 < –4 0.15 1.00 1.00 0.33 0.15

 < –5 0.09 1.00 1.00 0.32 0.09

 < –6 0.03 1.00 1.00 0.30 0.03

 < –7 0.01 1.00 1.00 0.30 0.01

Disruption

 ⩽ –1 0.59 0.88 0.92 0.48 0.47

 ⩽ –1.1 0.57 0.88 0.92 0.47 0.45

 ⩽ –1.2 0.54 0.90 0.93 0.45 0.44

 ⩽ –1.3 0.52 0.91 0.93 0.45 0.43

 < –2 0.32 0.96 0.95 0.37 0.28

 < –3 0.13 1.00 1.00 0.33 0.13

 < –4 0.08 1.00 1.00 0.32 0.08

 ⩽ –5 0.04 1.00 1.00 0.31 0.04

 < –6 0.02 1.00 1.00 0.30 0.02

 < –7 0.01 1.00 1.00 0.30 0.01

CSD, Cough Severity Diary.

Table 10. (Continued)
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in future clinical trials. However, further work in 
the context of multinational clinical trials is sug-
gested to confirm this proposed threshold.

Conclusion
The CSD complements other measures of cough 
impact and objective cough frequency by provid-
ing information on patients’ perceptions of mean-
ingful improvements in cough symptom severity. 
The findings from the current study demonstrate 
that the CSD is a reliable, valid, and responsive 
measure of cough symptom severity in patients 
with RCC/UCC and fit-for-purpose for assessing 
changes in cough severity in clinical trials.
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