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Abstract
This study aimed to investigate the effects of high-dose inhaled corticosteroids (ICS) on chronic cough patients with elevated 
fractional exhaled nitric oxide (FeNO) levels. In a prospective study, adults with chronic cough and FeNO ≥ 25 ppb, without 
any other apparent etiology, received fluticasone furoate (200 mcg) for three weeks. Outcomes were evaluated using FeNO 
levels, cough severity, and Leicester Cough Questionnaire (LCQ) before and after treatment. Of the fifty participants (aver-
age age: 58.4 years; 58% female), the treatment responder rate (≥ 1.3-point increase in LCQ) was 68%, with a significant 
improvement in cough and LCQ scores and FeNO levels post-treatment. However, improvements in cough did not signifi-
cantly correlate with changes in FeNO levels. These findings support the guideline recommendations for a short-term ICS 
trial in adults with chronic cough and elevated FeNO levels, but the lack of correlations between FeNO levels and cough 
raises questions about their direct mechanistic link.
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Introduction

Type 2 (T2) airway inflammation is a major treatable trait 
in chronic airway diseases [1, 2]. Fractional exhaled nitric 
oxide (FeNO) serves as a non-invasive point-of-care test 
for T2 airway inflammation [3]. Given the technical chal-
lenges associated with induced sputum analysis, clinical 
management often relies on simpler and more feasible 
measurements, such as FeNO tests.

In the literature, a FeNO cutoff level of ≥ 25 parts per 
billion (ppb) has been suggested as a useful biomarker for 
diagnosing cough variant asthma (CVA) or eosinophilic 
bronchitis (EB), as well as for predicting a response to 
anti-inflammatory treatment in patients with chronic 
respiratory symptoms [4–6]. However, cough guideline 
recommendations have been conflicting regarding the use of 
FeNO measurement, due to a lack of robust evidence [1, 7]. 
A recent clinical statement by the British Thoracic Society 
suggested a FeNO level threshold of ≥ 25 ppb as guidance for 
considering a short-term trial of ICS in patients with cough 
who exhibit no other symptoms or airflow obstruction [8]. 
Despite these advances, a gap in clinical evidence persists 
regarding the ICS treatment based on the FeNO level.

In this background, we conducted a prospective study to 
investigate the efficacy of high-dose ICS in treating chronic 
cough. Our aim was to evaluate the response of cough to 
ICS treatment in patients with chronic cough and FeNO 
levels ≥ 25 ppb, but with no other apparent etiology, and to 
explore factors associated with a positive treatment response.

Methods

Study Participants and Design

The study was designed as a prospective, multi-center, 
single-arm study, aiming to investigate cough response 
to ICS. We recruited adult patients aged ≥ 19 years from 
referral clinics in South Korea. The inclusion criteria 
were as follows: (1) chronic cough as the chief complaint, 
(2) FeNO levels ≥ 25  ppb, (3) a forced expiratory 
volume in 1  s (FEV1)/forced volume vital capacity 
(FVC) ratio ≥ 70%, (4) normal chest radiography (or no 
clinically relevant findings), (5) no current symptom and 
sign suggestive of other cough etiologies, including fever, 
purulent sputum, heartburn, or acid regurgitation, (6) no 
recent history of cigarette smoking, (7) no recent use of 
angiotensin-converting enzyme inhibitors, (8) no exposure 
to corticosteroids or anti-leukotrienes within the past 
2 weeks, and (9) no exposure to codeine or opiate anti-
tussive medications within the past week.

The study participants were treated with a high-dose of 
fluticasone furoate (200 mcg) for 3 weeks (± 1 week). The 
treatment dose and duration were selected based on cough 
guidelines and systematic reviews [1, 9]. ICS adherence was 
calculated as dividing the used dose by the expected usage, 
which was presented as a percentage. At the baseline and 
follow-up visits (V1 and V2), the FeNO level was repeatedly 
measured using NIOX VERO® (Aerocrine, Solna, 
Sweden), and the cough status was assessed using patient-
reported outcomes (PROs), including the Leicester Cough 
Questionnaire (LCQ), Cough Hypersensitivity Questionnaire 
(CHQ), and cough severity score (0–10). The institutional 
review board of all participating institutions approved the 
study protocols, which adhered to the principles stipulated 
in the Declaration of Helsinki. Written informed consent was 
obtained from all patients before study enrollment.

Outcomes

The primary outcome was the treatment response, which 
was defined as the proportion of patients achieving a 
minimal clinically important difference (MCID) of LCQ 
(> 1.3) [10]. The secondary outcome was the change of 
CHQ, cough severity, and FeNO levels between V1 and 
V2. The correlation between the FeNO level and PROs of 
cough status at baseline and post-treatment change were 
evaluated. The baseline clinical characteristics were assessed 
to identify the factors predicting the ICS treatment response.

Statistical Analysis

Parameters were compared using the Mann–Whitney 
test or Student’s t-test for continuous variables and the 
chi-square test for categorical variables. Paired t-test or 
Wilcoxon-signed rank tests were utilized to compare the 
post-treatment changes in FeNO levels and cough scores. 
Spearman’s correlation coefficient was calculated to quantify 
the correlation between FeNO levels and cough scores. 
The baseline characteristics associated with ICS treatment 
responders were assessed through a logistic regression 
analysis. A P value of < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 57 patients were recruited between January 2021 
and December 2022. Seven patients were excluded due to 
follow-up loss, leaving 50 patients in the final study group 
(mean age: 58.4 ± 12.2 years; and female sex: 58.0%). The 
median FeNO levels was 37.5 ppb (IQR: 30–55 ppb). The 
mean LCQ scores were 13.5 ± 3.5. Compared to males, 
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female subjects exhibited lower LCQ scores (12.6 ± 3.6 
vs. 14.7 ± 3.0, P = 0.032) and higher cough severity scores 
(5.0 ± 2.0 vs. 4.0 ± 1.4, P = 0.025) at baseline. However, 
their FeNO levels were comparable [females, median: 
37 ppb (IQR: 29–45 ppb) vs. males, median: 44 ppb (IQR: 
32–59 ppb); P = 0.227; Table 1].

The mean duration of ICS treatment (between V1 and 
V2) was 25.6 ± 3.9 days, with a median treatment adher-
ence rate of 100% (IQR: 90–100%). FeNO levels and cough 
PRO scores significantly improved following the treatment 
(Fig. 1A–D). The FeNO levels decreased from a median 
of 37.5 ppb (IQR: 30–55 ppb) at V1 to 22.0 ppb (IQR: 

Table 1  Characteristics of the 
study participants

Values are presented as mean ± standard deviation, median (interquartile range), or n (%)
BMI body mass index, IQR interquartile range, FEV1 forced expiratory volume in 1  s, FVC forced vital 
capacity, FeNO fractional exhaled nitric oxide, LCQ Leicester Cough Questionnaire, NRS numerical rating 
scale, CHQ Cough Hypersensitivity Questionnaire, ICS inhaled corticosteroids

Parameter Total (n = 50) Female (n = 29) Male (n = 21) P value

Age (years) 58.4 ± 12.2 55.4 ± 13.2 62.5 ± 9.3 0.117
BMI (kg/m2) 25.3 ± 4.1 25.5 ± 4.6 25.0 ± 3.5 0.957
Ever smoker 14 (28.0%) 5 (17.2%) 9 (42.9%) 0.046
Cough duration (months) 6 (3–48) 3 (2–6) 6 (2–36) 0.136
FEV1% of predicted 100.3 ± 14.0 97.8 ± 14.1 104.0 ± 13.3 0.121
FEV1/FVC ratio 0.80 ± 0.07 0.82 ± 0.07 0.78 ± 0.08 0.106
FeNO levels (ppb) 37.5 (30–55) 37 (29–45) 44 (32–59) 0.227
LCQ score (3–23) 13.5 ± 3.5 12.6 ± 3.6 14.7 ± 3.0 0.032
Cough severity (0–10) 4.6 ± 1.8 5.0 ± 2.0 4.0 ± 1.4 0.025
CHQ score (0–22) 8.6 ± 3.6 9.5 ± 3.6 7.2 ± 3.2 0.103
ICS treatment duration (days) 25.6 ± 3.9 24.6 ± 3.6 27.1 ± 4.1 0.049
ICS adherence (%) 100 (90–100) 98.1 (88.4–100) 100 (92.9–100) 0.478
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Fig. 1  Changes in FeNO levels (A) and scores for LCQ (B), CHQ 
(C), and cough severity (D) before (V1) and after treatment with 
inhaled corticosteroids (V2). Changes in daily cough severity scores 
from post-treatment days 1 to 21 in all patients (E) and in patients 

stratified by the median FeNO levels of 37.5 ppb (F). FeNO fractional 
exhaled nitric oxide, LCQ Leicester Cough Questionnaire, CHQ 
Cough Hypersensitivity Questionnaire
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15–36 ppb) at V2 (P < 0.001). At V2, the FeNO levels were 
below 25 ppb in 54%. Daily cough severity scores from days 
1 to 21 showed slow but steady improvements (Fig. 1E). 
Similar trends were observed in groups stratified by the 
median FeNO levels (37.5 ppb) (Fig. 1F).

Spearman analyses revealed no correlation between 
baseline FeNO levels and LCQ scores (r = 0.063, P = 0.664), 
nor between post-treatment changes in FeNO levels and 
LCQ scores (r = − 0.282, P = 0.067).

In total, 68% (34/50) of patients were classified as ICS 
treatment responders, based on the MCID of the LCQ (> 1.3 
increase); 52% showed improvement more than twice the 
MCID (> 2.6 increase), while 38% showed improvement 
more than three times the MCID (> 3.9 increase). According 
to the Patient Global Impression of Severity (PGI-S) scale 
analysis of post-treatment LCQ scores [11], 20% of patients 
had no cough (LCQ ≥ 19), and 42% had minimal-to-mild 
cough (16 ≤ LCQ < 19) at V2.

Baseline characteristics between ICS responders and non-
responders (based on the MCID of the LCQ > 1.3 increase) 
are presented in Table  2. Responders were more often 
females (70.6% vs 31.1%, P = 0.020) and had lower pre-
treatment LCQ scores (12.0 ± 2.9 vs 16.5 ± 2.5, P < 0.001) 
and higher cough severity scores (4.9 ± 2.0 vs 3.9 ± 1.1, 
P = 0.022) than non-responders.

Multivariate logistic regression analyses, adjusted 
for variables with a P value < 0.10 in univariate analyses 

presented in Table 2 (sex, smoking history, LCQ score, 
CHQ score, and cough severity score), indicated that female 
sex (adjusted odds ratio: 13.54, 95% confidence interval: 
1.34–137.29; P = 0.027) and pre-treatment LCQ score (0.37, 
0.19–0.72; P = 0.004) were significantly associated with ICS 
treatment response (LCQ > 1.3 increase; Table not shown). 
However, in another multivariate logistic regression analyz-
ing a larger ICS response (defined by an increase in LCQ 
score of > 3.9), the associations were not significant for 
female sex (2.89, 0.48–17.37; P = 0.245) and pre-treatment 
LCQ score (0.74, 0.54–1.02; P = 0.063; table not shown).

Discussion

In the present study, we investigated the response of chronic 
cough patients with FeNO levels ≥ 25 ppb to high-dose ICS 
treatment, where patients had no other apparent etiology. 
After 3–4 weeks of treatment, the cough PRO scores and 
FeNO levels showed significant improvement. The treatment 
responder rate was 68%, based on the MCID of LCQ, and 
notably, 38% of the patients demonstrated a large treatment 
effect (more than three times the MCID). These findings 
support cough guideline recommendations for ICS trial, 
particularly in adults with chronic cough and elevated FeNO 
levels [1, 7, 8].

Table 2  Comparison of the 
characteristics between the 
ICS treatment responders and 
non-responders (using the cutoff 
score of > 1.3 in the LCQ score 
change)

Values are presented as mean ± standard deviation, median (interquartile range), or n (%)
P values were determined using the Mann–Whitney test or Student’s t-test for continuous variables and the 
chi-square test for categorical variables
BMI body mass index, IQR interquartile range, FEV1 forced expiratory volume in 1  s, FVC forced vital 
capacity, ICS inhaled corticosteroids, FeNO fractional exhaled nitric oxide, LCQ Leicester Cough 
Questionnaire, CHQ Cough Hypersensitivity Questionnaire

Parameter Responder (n = 34) Non-responder (n = 16) p value

Age (years) 58.2 ± 12.7 58.7 ± 11.4 0.938
Female sex 24 (70.6%) 5 (31.3%) 0.020
BMI (kg/m2) 25.5 ± 4.3 24.9 ± 3.9 0.801
Ever smoker 7 (20.6%) 7 (43.7%) 0.173
Cough duration (months) Median 3 (IQR: 2–18) Median 4.5 (IQR: 2–9) 0.830
FEV1% of predicted 101.1 ± 14.9 98.9 ± 12.1 0.799
FEV1/FVC ratio 0.80 ± 0.08 0.79 ± 0.07 0.491
ICS adherence (%) Median 100 (IQR: 90–100) Median 100 (IQR: 88.9–100) 0.686
FeNO levels (ppb) at V1 Median 40 (IQR: 31–54) Median 34 (IQR: 28–68) 0.677
FeNO levels (ppb) at V2 Median 21.5 (IQR: 16–35) Median 25 (IQR: 15–41) 0.534
FeNO levels < 25 ppb at V2 56.7% 46.2% 0.526
LCQ score at V1 12.0 ± 2.9 16.5 ± 2.5  < 0.001
LCQ score at V2 16.9 ± 3.0 15.7 ± 2.7 0.160
Cough severity at V1 4.9 ± 2.0 3.9 ± 1.1 0.020
Cough severity at V2 2.3 ± 2.1 2.3 ± 1.6 0.930
CHQ score at V1 9.2 ± 3.5 7.3 ± 3.6 0.085
CHQ score at V2 5.8 ± 3.9 7.1 ± 4.1 0.294
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Daily measurements of cough severity scores were per-
formed in our study. Overall, slow but steady improvements 
were observed following ICS treatment. The trend in cough 
improvement did not differ among groups stratified by a 
FeNO level of 37.5 ppb, suggesting that a longer mainte-
nance treatment might provide further therapeutic benefits.

The mechanistic link between nitric oxide and cough 
remains uncertain [3]. We did not find a significant 
correlation between FeNO levels and cough scores, both at 
baseline and after treatment. Similar findings were reported 
in a study involving patients with CVA, where cough 
severity score was not correlated with FeNO levels [12]. 
The lack of correlation between cough severity and FeNO 
levels suggests their indirect mechanistic relationships. 
We speculate that eosinophils play a more direct role in 
sensitizing the cough reflex than nitric oxide does, and 
the observed effects of ICS treatment on cough might 
occur through the overall suppression of T2 inflammatory 
pathways, including those involving eosinophils. The 
regulatory mechanism of FeNO levels, which is mainly 
influenced by interleukin (IL)-4 and IL-13, is distinct from 
that of eosinophils, which are regulated by IL-5 [3].

An interesting finding from our study is the positive 
association between ICS treatment response and female 
sex. This association remained significant after adjusting 
for confounders, including pre-treatment LCQ scores. 
However, a regression to the mean effect, which is 
common in chronic respiratory conditions [13], should be 
also considered. Consequently, our analysis of treatment 
response should be viewed as exploratory. Among patients 
with chronic cough, female sex has been linked to increased 
cough reflex sensitivity and poorer health-related QoL [14, 
15]. Additionally, female sex was associated with a better 
treatment response to codeine in patients with refractory 
chronic cough [16]. Given these observations, it is tempting 
to speculate that female sex might serve as a predictor of 
a better early treatment response, or alternatively, act as a 
confounder in observational studies of treatment effects. 
Studies on pain suggested that women might benefit more 
from interventions, although the findings varied depending 
on the type of treatment [17].

The present study has several limitations. Firstly, it 
is a prospective observational study with a single-arm 
intervention, raising the possibility of regression to the 
mean or placebo effects. Secondly, our study was conducted 
in research setting with relatively strict selection criteria, 
including recent medication exposure, to minimize 
confounding effects on FeNO levels. Therefore, our findings 
should be interpreted within this specific clinical context. 
Thirdly, our sample size was relatively small. During 
recruitment, we found that more than half of the patients 
with chronic cough and FeNO levels ≥ 25 ppb presented with 
one or more indicators of other etiologies, such as abnormal 

chest X-ray or spirometry results, or additional symptoms. 
Fourthly, objective cough outcomes were not utilized. 
Finally, we did not differentiate between CVA and EB 
using methacholine challenge tests. Although ICS response 
may vary with airway hyper-responsiveness, we minimized 
potential confounding by including only patients without 
airflow obstruction (FEV1/FVC ratio ≥ 0.70). Furthermore, 
the utility of bronchial challenge tests in predicting ICS 
treatment response remains unclear in patients with isolated 
chronic cough (without dyspnea or wheezing) [18, 19].

In conclusion, our findings suggest that the majority of 
patients with chronic cough and FeNO levels of ≥ 25 ppb 
may benefit from a high-dose ICS treatment within 4 weeks. 
Further studies are warranted to validate the role of FeNO 
measurement in the long-term management of chronic 
cough.
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