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Abstract
Background

No established biomarkers are available to guide the treatment of chronic interstitial lung diseases (ILDs).
Nitric oxide re�ects the in�ammation in the airway, and fractional exhaled nitric oxide (FeNO) is a non-
invasive and reproducible biomarker in lung-disease diagnosis and treatment. Whether FeNO can help
manage ILDs remains uncertain. This study aimed to determine the role of FeNO in ILDs and the
association between FeNO and ILD subtype.

Methods

53 patients with ILDs were retrospectively recruited. Patient characteristics, FeNO values, blood tests for
in�ammatory markers, and pulmonary function test data were obtained.

Results

This group of patients with ILDs had decreased vital capacity(VC)and total lung capacity(TLC) of 71.75 ±
17.58% and 75.27 ± 14.07%, respectively. The diffusion capacity of the lung for carbon monoxide(DLCO)
also declined, with an average level of 38.15 ± 11.10%. The average FeNO value was 20.34 ± 9.97 ppb.
According to the characteristics of chest computed tomography, patients were divided into usual
interstitial pneumonia (UIP)-ILD (n = 24) and non-UIP-ILD (n = 29). The FeNO value in the UIP-ILD group
was 12.58 ± 3.63 ppb. This value was signi�cantly lower than that of the non-UIP-ILD group (26.62 ± 8.61
ppb, P<0.0001).According to the etiology, all patients with ILDs were divided into connective tissue
diseases associated with interstitial lung disease (CTD-ILD) (n = 30) and non-CTD-ILD (n = 23). There
were more female patients in CTD-ILD group compared to non-CTD ILD group and patients in CTD-ILD
group were younger. With regard to the FeNO, PFT values, and systemic inflammatory markers, no
significant differences were observed between groups. In the overall ILD population, FeNO level correlated
with blood eosinophil (r = 0.3066, P=0.0333), but no statistical signi�cant correlations were observed
between the FeNO and blood eosinophil percentage, IgE or systemic inflammatory markers. The FeNO
cut-off value of 18.5 ppb showed a sensibility of 83.3% and a specificity of 95.8% in discriminating non-
UIP-ILDs from UIP ILDs.

Conclusions

Our study suggested the importance of FeNO test in patients with ILDs. High FeNO levels may indicate
the need of systemic treatment, and FeNO can be a helpful biomarker for ILD management.

Background
Chronic interstitial lung diseases (ILD) are diseases involving the lung parenchymal tissue leading to
chronic in�ammation and �brosis and �nally result in respiratory failure [1]. ILDs are a great challenge for
clinicians because they have several issues with regard to the diagnosis, treatment, and prognosis [1].
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The etiologies of ILDs can be classi�ed as known and unknown forms. Hundreds of diseases causing
ILDs now exist, and the classi�cation is constantly updating in recent years [3]. However, only several
drugs, such corticosteroid, immunosuppressive drugs like CTX, MMF, and CsA, and new coming drugs like
nintedanib and pirfenidone, are available for ILDs [3–5]. Immunosuppressive drugs can help restrict the
progression of several ILDs, such as connective tissue diseases associated with interstitial lung disease
(CTD-ILD) in non-idiopathic interstitial lung disease and nonspeci�c interstitial pneumonitis (NSIP) in
idiopathic interstitial lung disease [6–8]. However, these drugs exhibit multiple side effects. Finding good
markers to predict the response of immunosuppressive drugs, which may help clinicians decide the right
treatment, would be helpful.

Nitric oxide (NO) is produced by airway epithelial cells in the airway and is involved in lung in�ammation,
nitrosative-oxidative stress, and vasodilation [9]. Fractional exhaled nitric oxide (FENO) is a non-invasive
and reproducible biomarker in the diagnostic algorithm of lung diseases. The asthma guideline has
suggested FENO as a marker of airway in�ammation to determine the optimal dosage of inhaled
corticosteroid [10–11]. Only several studies of FENO in ILDs are available. In addition, these works
suggested FeNO as a potential severity biomarker in patients with ILDs, but most of the studies focus on
systemic sclerosis, and the results were con�icting [12–14]. To the best of our knowledge, no study
focusing on FENO as a marker of ILD treatment is available.

Our study aimed to determine whether differences exist in the FENO level between different subtypes of
ILD. We carried out a retrospective study of FENO data of patients with ILDs. Patients were divided into
two groups, namely, UIP pattern and non-UIP pattern, based on the lung computed tomography (CT)
pattern. FENO values were compared between groups, and in�ammatory markers were analyzed to
investigate the relationship between FENO and disease activity.

Methods
Study population and study design

From December 2017 to December 2019, 53 patients with ILDs were retrospectively recruited at the First
A�liated Hospital of Sun Yat-sen University. Diagnosis was made according to the international
guidelines [15–16]. Medical history was reviewed to investigate the in�ammatory markers. All patients
could perform pulmonary function tests (PFT), including single-breath diffusion capacity of the lung for
carbon monoxide (DLCO). All patients received high-resolution computed tomography of the chest for
diagnostic purposes to evaluate the speci�c radiological patterns. All included patients were clinically
stable and free of acute respiratory infections and/or acute exacerbations of ILDs for at least 8 weeks.
Patients with atopy, asthma, cancer or in current therapy with biological agents were excluded in all
cases.

The study was reviewed by the Institutional Research Ethics Committee of our hospital. The requirement
for approval and the informed consent form were exempt because this study was not an intervening trial
and was retrospective in nature.
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Collection procedure and data analysis

Medical history, patient characteristics and data (FeNO values, blood tests, and PFT data) were obtained
from the patients’ medical charts.
Measurement Of FeNO

FeNO value was determined according to the recommendations of the American Thoracic Society (ATS)
by using a conventional chemoluminescence analyser (NIOX MINO; Aerocrine AB, Sweden) [17]. The
participants were instructed to use the online standardized single breath technique: inhale air without NO
to total lung capacity (TLC) and complete the exhalation immediately into the device at a constant �ow
rate of 50 mL/s for 10 seconds. Values more than 50 ppb are considered high probability for eosinophilic
in�ammation. Values less than 25 ppb indicate a low probability, and values between 25 and 50 ppb
signify intermediary probability.

Pulmonary Function Test

Participants underwent PFT after the measurement of FeNO .PFT was performed using body
plethysmography following the 2014 recommendations of the Chinese National Guidelines of Pulmonary
Function Test [18]. All participants performed PFT in a reproducible way and the best values of each
subject were selected.

Bronchial Hyper-responsiveness Test (BHR)

After baseline evaluation, patients with forced expiratory volume in 1 s (FEV1) percentage predicted more
than 70% should take BHR to rule out bronchial hyper-responsiveness. Airway hyperresponsiveness is
expressed as the provocative concentration of histamine when FEV1 decreased by 20% from baseline
(PC20). In our study, the positive response was de�ned as PC20 ≤ 8 mg/ml.

Statistical analysis

All data analyses were performed using SPSS software (version 18.0) (SPSS Inc., Chicago, IL, USA). The
results are shown as mean ± standard deviation or number (%) of patients, or median (interquartile range)
for quantitative variables or for non-normal variables when appropriate. Comparison of differences
between groups were conducted by the Student’s t-test for those that were normally distributed or the
Mann–Whitney U test for those that were not. Categorical variables were compared using the chi-squared
test. The relationship between the FeNO levels and IgE, blood eosinophil counts, blood eosinophil percent,
and in�ammatory marker level was assessed by determining the Spearman’s rank correlation coe�cients.
ROC curves were used to determine the cut-off value of FeNO in ILD evaluation. P < 0.05 was de�ned as
statistically signi�cant. Statistical analyses and �gures were performed using GraphPad Prism5.

Results
Characteristics of study subjects
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A total of 53 patients in stable phrase of ILDs were enrolled in this study. The majority of the patients
were males (62.26%), with the average age of 58.64 ± 13.94 years old, mean %FEV1 of 75.94 ± 18.31%,
and mean %FEV1/FVC of 83.04 ± 8.55%. This condition demonstrates a restrictive functional impairment.
This group of patients with ILDs had a decreased vital capacity(VC)and TLC of 71.75 ± 17.58% and 75.27 
± 14.07%, respectively. DLCO also declined, with an average level of 38.15 ± 11.10%. The average FeNO
value was 20.34 ± 9.97 ppb. The clinical features and PFT data of the study population are shown in
Table 1.
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Table 1
Clinical features and PFT data of patients with ILD

Parameter ILD (N = 53)  

Mean age, years 58.64 ± 13.94  

Sex (M:F),n 33:20  

Height (cm) 161.51 ± 7.24  

Weight (kg) 61.40 ± 10.78  

Body surface area(m2) 1.64 ± 0.16  

BMI in kg/m2 23.49 ± 3.67 (range = 14.27–32.05)  

FVC (% predicted) 74.08 ± 18.14  

FEV1 (% predicted) 75.94 ± 18.31  

FEV1/FVC 83.04 ± 8.55  

PEF (% predicted) 69.57 ± 20.34  

MEF (% predicted) 79.09 ± 34.34  

MEF25 (% predicted) 56.83 ± 32.48  

MEF50 (% predicted) 77.06 ± 34.12  

MEF75 (% predicted) 63.13 ± 23.00  

MVV (% predicted) 87.23 ± 25.96  

VC (% predicted) 71.75 ± 17.58  

TLC (% predicted) 75.27 ± 14.07  

RV(% predicted) 88.80 ± 19.28  

RV/TLC(% predicted) 44.73 ± 7.20  

DLCO (% predicted) 38.15 ± 11.10  

FeNO(ppb) 20.34 ± 9.97  

Notes: Measured pulmonary function values are presented as a predictive percentage. Data are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: M, male; F, female;
BMI, body mass index; FEV11, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak
expiratory �ow; MEF, maximal midexpiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC;
MEF50, forced expiratory �ow after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the
FVC; MVV, maximal voluntary ventilation; VC, vital capacity; RV, residual volume, TLC, total lung
capacity, DLCO, diffusion capacity of the lung for carbon monoxide; FeNO, fractional exhaled nitric
oxide; ppb, parts per billion; ILD, interstitial lung diseases; PFT, pulmonary function test.

FeNO And Clinical-radiological Features
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According to the characteristics of chest CT, patients were divided into UIP-ILD (n = 24) (with UIP features
and predominant �brosis) and non-UIP-ILD (n = 29). No signi�cant differences were observed with regard
to age, gender, height, weight, and body mass index between these two groups. The FeNO value in the
UIP-ILD group was 12.58 ± 3.63 ppb. This value was signi�cantly lower than that of the non-UIP-ILD group
(26.62 ± 8.61 ppb, P < 0.0001) (Fig. 1). However, no signi�cant differences were observed in the PFT
values between these two groups (Table 2). The blood eosinophils and the IgE levels were lower in the
UIP-ILD group than those of the non-UIP-ILD group. However, the differences did not reach statistical
signi�cance. Concerning the systemic in�ammatory markers, such as ESR and CRP, no signi�cant
differences were reported between these two groups (Table 2).



Page 8/20

Table 2
Clinical features in patients with ILDs with UIP pattern and non-UIP pattern

Parameter UIP pattern (N = 24) Non-UIP pattern (N = 29) P value

Mean age, years 57.54 ±15.45 59.55 ± 12.77 0.606

Sex (M:F),n 13:11 20:9  

Height (cm) 160.83 ± 8.16 162.07 ± 6.47 0.542

Weight (kg) 60.58 ± 11.80 62.07 ± 10.02 0.622

Body surface area (m2) 1.63 ± 0.18 1.65 ± 0.14 0.528

BMI in kg/m2 23.35 ±4.02 23.62 ± 3.42 0.794

FVC (% predicted) 75.96 ± 17.13 72.52 ± 19.09 0.497

FEV1 (% predicted) 77.75 ± 19.92 74.45 ± 17.07 0.519

FEV1/FVC 82.79 ±10.72 83.24 ± 6.42 0.851

PEF (% predicted) 67.83 ± 17.94 71.00 ± 22.34 0.578

MEF (% predicted) 82.96 ±43.37 75.90± 24.94 0.462

MEF25 (% predicted) 63.88 ± 41.17 51.00 ± 22.11 0.153

MEF50 (% predicted) 78.42 ± 40.29 75.93 ± 28.73 0.795

MEF75 (% predicted) 61.88 ± 20.76 64.17 ± 25.02 0.721

MVV (% predicted) 86.04 ±28.48 88.21 ± 24.14 0.766

VC (% predicted) 74.08 ± 16.76 69.83 ± 18.29 0.385

TLC (% predicted) 76.14 ± 11.76 74.62 ± 15.77 0.707

RV(% predicted) 90.50 ±19.16 87.52 ± 19.60 0.589

RV/TLC(% predicted) 44.86 ± 7.03 44.62 ± 7.44 0.906

DLCO (% predicted) 45.38 ±17.25 50.00 ± 18.27 0.450

Total serum IgE (IU/ml) 140.04 ± 139.16 202.36 ± 177.83 0.290

Notes: Measured pulmonary function values are presented as a predictive percentage. Data are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: M, male; F, female;
BMI, body mass index; FEV11, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak
expiratory �ow; MEF, maximal midexpiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC;
MEF50, forced expiratory �ow after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the
FVC; MVV, maximal voluntary ventilation; VC, vital capacity; RV, residual volume, TLC, total lung
capacity; DLCO, diffusion capacity of the lung for carbon monoxide; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; UIP, usual
interstitial pneumonia; PFT, pulmonary function test.
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Parameter UIP pattern (N = 24) Non-UIP pattern (N = 29) P value

Blood eosinophils absolute (cells/µl) 164.57 ± 159.88 240.74 ± 198.09 0.126

Blood eosinophil percentage 2.05 ± 2.04 3.07 ± 2.08 0.083

CRP (mg/L) 20.60 ± 15.53 18.47 ± 17.34 0.873

ESR (mm/h) 48.56 ± 36.23 39.92 ± 28.37 0.386

FeNO (ppb) 12.58 ± 3.63 26.62 ± 8.61 < 0.0001

Notes: Measured pulmonary function values are presented as a predictive percentage. Data are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: M, male; F, female;
BMI, body mass index; FEV11, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak
expiratory �ow; MEF, maximal midexpiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC;
MEF50, forced expiratory �ow after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the
FVC; MVV, maximal voluntary ventilation; VC, vital capacity; RV, residual volume, TLC, total lung
capacity; DLCO, diffusion capacity of the lung for carbon monoxide; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; UIP, usual
interstitial pneumonia; PFT, pulmonary function test.

FeNO And CTD-ILD

According to the etiology, all patients with ILDs were divided into CTD-ILD (n = 30) and non-CTD-ILD (n = 
23). There were more female patients in CTD-ILD group compared to non-CTD ILD group (50.00% vs
21.74%). Patients in CTD-ILD group were younger than non-CTD ILD group (P = 0.022). No signi�cant
differences were observed with regard to height, weight, and body mass index between these two groups.
Regarding the FeNO value and PFT values, no signi�cant differences were observed between groups. No
signi�cant differences were reported in systemic in�ammatory markers, such as ESR and CRP, between
groups (Table 3).
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Table 3
Clinical characteristics in CTD-ILD and non-CTD patients with ILD

Parameter CTD-ILD (N = 30) non-CTD-ILD (N = 23) P value

Mean age, years 54.83 ± 14.17 63.61 ± 12.22 0.022

Sex (M/F), n 15:15 18:5  

Height (cm) 161.87 ± 7.09 161.04 ± 7.56 0.686

Weight (kg) 58.80 ± 11.85 64.78 ± 10.27 0.054

Body surface area (m2) 1.62 ± 0.18 1.68 ± 0.12 0.142

BMI in kg/m2 23.30 ± 3.56 24.06 ± 3.25 0.235

FVC (% predicted) 75.40 ± 18.80 72.35 ± 17.50 0.549

FEV1 (% predicted) 77.10 ± 20.08 74.43 ±16.02 0.604

FEV1/FVC 83.67± 9.17 82.22 ± 7.79 0.546

PEF (% predicted) 69.03 ± 22.84 70.26 ± 17.00 0.830

MEF (% predicted) 82.43 ± 35.42 74.74 ± 33.15 0.424

MEF25 (% predicted) 63.20 ± 35.48 48.52 ± 26.58 0.103

MEF50 (% predicted) 79.17 ± 35.47 74.30 ± 32.85 0.612

MEF75 (% predicted) 65.77 ± 24.65 59.70 ± 20.67 0.346

MVV (% predicted) 82.33 ± 23.49 93.61 ± 28.11 0.118

VC (% predicted) 72.27 ± 18.06 71.09 ± 17.30 0.811

TLC (% predicted) 76.43 ± 14.74 73.87 ±13.39 0.523

RV (% predicted) 91.54 ± 21.26 85.48 ± 16.39 0.268

RV/TLC (% predicted) 43.61 ± 7.43 46.09 ± 6.81 0.224

DLCO (% predicted) 48.05± 18.34 47.64 ± 17.37 0.948

Total serum IgE (IU/ml) 213.80 ± 184.28 131.23 ± 126.00 0.155

Blood eosinophils absolute (cells/µl) 168.29 ± 164.82 253.18 ± 199.20 0.094

Blood eosinophil percentage 2.04 ± 1.85 3.07 ± 2.24 0.073

CRP (mg/L) 20.33 ± 18.70 17.42 ± 15.25 0.737

ESR (mm/h) 47.34 ± 36.19 38.20 ± 23.86 0.374

FeNO (ppb) 18.33 ± 8.35 22.78 ± 11.05 0.101
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Notes: Measured pulmonary function values are presented as a percentage of predictive. Data are shown
as mean ± standard deviation unless indicated otherwise. Abbreviations: M, male; F, female; BMI, body
mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak expiratory �ow;
MEF, maximal midexpiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC; MEF50, forced
expiratory �ow after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the FVC; MVV, maximal
voluntary ventilation; VC, vital capacity; RV, residual volume, TLC, total lung capacity, DLCO, diffusion
capacity of the lung for carbon monoxide; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
FeNO, fractional exhaled nitric oxide; ppb, parts per billion; CTD-ILD, connective tissue diseases
associated with interstitial lung disease.

Correlation of FeNO and blood eosinophil, IgE, and systemic in�ammatory markers

In the overall ILD population, the FeNO level correlated with blood eosinophil (r = 0.3066, P = 0.0333). No
statistically signi�cant correlations were observed between the FeNO and blood eosinophil percentage,
IgE or systemic in�ammatory markers. (Fig. 2).

Notes The correlations between FeNO values and blood eosinophil, IgE or systemic in�ammatory markers
were determined by calculating Spearman’s rank correlation coe�cients. Abbreviations: CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate; FeNO, fractional exhaled nitric oxide.

Discriminating UIP-ILDs and UIP-ILDs

Receiver operating characteristic (ROC) curve was performed to �nd the optimal cut-off value of FeNO to
identify non-UIP-ILDs. The area under the ROC curve was 0.933 with a cut-off value of 18.5 ppb, showing
a sensibility of 83.3% and a speci�city of 95.8% in discriminating non-UIP-ILDs from UIP ILDs (Fig. 3).
Table 4 shows the sensitivity and speci�city values for different criteria tested.
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Table 4
Sensitivity and speci�city of different cut-points used to identify non-UIP-

ILDs

Parameter Threshold Sensitivity (%) Speci�city (%)

FeNO level > 12.5 ppb 93.1 50.0

FeNO level > 13.5 ppb 93.1 58.3

FeNO level > 14.5 ppb 93.1 66.7

FeNO level > 15.5 ppb 93.1 75.0

FeNO level > 16.5 ppb 83.3 83.3

FeNO level > 17.5 ppb 83.3 91.7

FeNO level > 18.5 ppb 83.3 95.8

FeNO level > 20.0 ppb 66.7 100

Abbreviations: FeNO, fractional exhaled nitric oxide; ppb, part per billion.

Discussion
We analyzed the clinical characteristics, including PFT and FeNO level of interstitial lung diseases. In
particular, we aim to evaluate the potential utility of FeNO as a potential marker of treatment in ILDs. Our
study suggested the FeNO importance in patients with ILDs because ILDs with non-UIP pattern had higher
level of FeNO than the UIP pattern. FeNO could be a marker to predict treatment response to systemic
corticosteroid or other immunosuppressive drugs in ILDs.

FeNO is a well-known biomarker in lung disease and re�ects the in�ammatory disorders of the lung [19]
To date, limited literature is available on the FeNO level in ILDs. Most of these studies have focused on
IPF and CTD-ILD, such as SSS and sarcoidosis. However, the results were controversial.

With regard to the changes of FeNO in IPF, Saleh et al [20], showed that FeNO may be elevated in patients
with IPF. Notably, the FeNO increase was related to early to intermediate stage of the disease, suggestive
of a protective role of FeNO on lung architecture and pulmonary homeostasis. Further study showed
strong expression of nitrotyrosine and NOS in alveolar epithelium in the early to intermediate stage of IPF.
This �nding suggests the role of FeNO as a marker of early stage in ILDs. The active stage of IPF or other
ILDs was associated with increased in�ammatory and thus required highly intensive observation and
treatment.

The FeNO level of patients with ILDs in our study was 20.34 ± 9.97 ppb, with 12.58 ± 3.63 ppb in the UIP-
ILD group. This result was comparable with those reported by Paredi et al [21], but relatively lower than
previously reported. In one study, Cameli et al. measured FeNO values in patients with idiopathic



Page 13/20

interstitial pneumonitis and healthy controls at different �ow rates. Patients with IPF showed average
FeNO levels of 22.3 ± 8.4 ppb [22]. Another study reported by Guilleminault revealed similar results. The
median level of FeNO was 19 ppb in IPF and 25 ppb in CTD-ILD [23]. However, Schildge investigated
patients with ILDs including IPF, CTD-ILD, and sarcoidosis and found average level of 27.6 ± 16.3 ppb; this
value was higher than the other two studies [24]. Several reasons may elucidate for the differences in
FeNO values. One of the main reasons is the patients’ characteristics. FeNO is associated with
in�ammatory disorders of the lung. However, in patients with neutrophil predominant airway diseases,
such as cystic �brosis [25, 26], FeNO is decreased. The underlying mechanism is reduced expression of
NO synthase isoenzyme, lack of NOS substrates, and increased decomposition of NO by neutrophilic
myeloperoxidase [27–29] Decreased NO can lead to increased airway narrowing and impaired ciliary
function, causing further impairment to the lung [30] Therefore, this phenomenon becomes a vicious
cycle. In our study, the patients in the UIP-ILD group are characterized with predominant �brosis of the
lung, indicating low active in�ammatory level with predominant neutrophil. Low FeNO level is consistent
with the patients’ features. Another reason for the differences in FeNO levels is the devices used in the
studies. Reportedly, the absolute FeNO values are related to the underlying way of NO measurement of
the FeNO device. Low FeNO levels have been observed when using the chemiluminescence method
(NIOXMino, Aerocrine), which was implied in the Cameli and the Guilleminault studies and in our study.
On the contrary, high FeNO levels were noted when the electrochemical method (Hypair FeNO, Medisoft)
was used similar to that in Schildge study.

In our study, low FeNO level was correlated with UIP-ILD (predominant �brosis of the lung). However, no
signi�cant differences were observed in CTD-ILD and non-CTD-ILD. Lung involvement is an unfavorable
prognosis factor in CTD [31]. Although systemic treatment is always needed in CTD, predicting the
response to treatment in CTD-ILD, especially the lung lesions, is di�cult. Our study showed no signi�cant
differences with regard to the FeNO value, PFT values, and systemic in�ammatory markers between
patients with CTD-ILD and non-CTD-ILD. This result implies that PFT and systemic in�ammatory markers
are not good enough to identify the speci�c group of patients that may bene�t from systemic therapy.
Given that low FeNO level was associated with predominant �brosis of the lung, FeNO can be a helpful
biomarker predicting the systemic treatment response of ILD, regardless of the presence of CTD or not.

Different FeNO levels in ILDs could suggest different treatment options. As revealed by the ROC curve of
FeNO to identify non-UIP-ILDs, a cut-off value of 18.5 ppb shows a sensibility of 83.3% and a speci�city
of 95.8% in discriminating non-UIP-ILDs from UIP ILDs. Patients with ILDs with high level of FeNO may
need urgent systemic treatment like corticosteroid. Among the 29 patients with non-UIP-ILDs in our study,
12 received systemic treatment like corticosteroid and they all responded well. By contrast, low FeNO level
may suggest the adverse effect of systemic treatment over bene�t. In addition, other treatments, such as
lung transplant [32], should be considered because lung �brosis is severe and irreversible.

This study has several limitations. First, this work is a retrospective study with relatively small number of
patients enrolled. Second, the study focused on the baseline features of patients with ILDs. Moreover, the
statistical analysis of prognosis and FeNO changes after treatment will be reported in the following
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research. Third, some patients were under treatment with bronchodilator therapy or corticosteroids
because of their symptoms when admitted. Lastly, although the patients discontinued their treatments
within 72 h prior to blood test, PFT, and FeNO test, the results may have still been affected.

Conclusion
Predicting the response to treatment in ILDs is important but di�cult. Our study suggested the
importance of FeNO test in patients with ILD. High level of FeNO may indicate the need of systemic
treatment, and FeNO could be a helpful biomarker in ILD management. Further study is necessary to
establish the exact role of FeNO in ILD.

Abbreviations
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Figure 1

FeNO value between the UIP-ILD and non-UIP-ILD groups. Notes: Given is the median with interquartile
range. Abbreviations: FeNO, fractional exhaled nitric oxide; UIP, usual interstitial pneumonia.
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Figure 2

Correlation between FeNO and blood eosinophil, IgE or systemic inflammatory markers. Notes The
correlations between FeNO values and blood eosinophil, IgE or systemic inflammatory markers were
determined by calculating Spearman’s rank correlation coe�cients. Abbreviations: CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; FeNO, fractional exhaled nitric oxide.

Figure 3
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ROC curve analysis of the sensitivity and speci�city of FeNO to identify non-UIP-ILDs. Abbreviations: ROC,
receiver operating characteristic; FeNO, fractional exhaled nitric oxide.


