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Abstract

Introduction and objectives

Fractional exhaled nitric oxide (FeNO) has emerged as a non-invasive biomarker for
assessing eosinophilic airway inflammation, offering potential support for asthma
diagnosis at primary care. However, standard diagnostic cut-offs fail to account for
significant inter-individual variation. To overcome this limitation, this study explored
the diagnostic utility of individualised FeNO values, derived from previously developed
reference equations and compared to fixed cut-offs, for asthma diagnosis in primary

care settings.
Materials and Methods

This is a secondary analysis of the EPI-ASTHMA study conducted in 38 Portuguese
primary care centres, which included adults participating in both stage 1 and stage 2
of the study. Clinical assessments included spirometry, FeENO measurements, and
blood eosinophil counts. Individualised FeNO values were calculated using the
Lambda-Mu-Sigma method, adjusted for age, sex and height. Diagnostic accuracy of
individualised cut-offs was assessed using area under the Receiver Operating
Characteristic curve (AUC) and compared against the American Thoracic Society (ATS)

recommended absolute cut-offs (>25ppb, >50 ppb).
Results

A total of 1,383 participants (median[p25-p75]: 54 [43-65] years) were analysed, of
whom 60.2% were female, and 11.7% were current smokers. Asthma was diagnosed
in 258 (18.7%) participants, who had significantly higher FeNO levels compared to the
non-asthma group (23.0 [13.0-43.75] ppb vs 16.0 [11.0-25.0] ppb, p<0.001). The
diagnostic utility of FeNO was moderate for both absolute (AUC 0.63; 95% confidence
interval (Cl) 0.58-0.67) and individualised-predicted (AUC 0.64; 95%Cl 0.60-0.69)
values. The 202% predicted individualised cut-off demonstrated the highest specificity
(84.2%), while the 100% predicted individualised cut-off yielded the best sensitivity
(68.4%) and negative predictive value (86.8%). Thus, 100% and 202% individualised
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predicted values can be used to rule-out asthma. The 50 ppb cut-off retained the

highest specificity (94.3%), although with low sensitivity (22.5%).

Conclusion

FeNO demonstrates moderate performance as a stand-alone tool for asthma
diagnosis. Individualised FeNO cut-offs improve specificity and may better support
clinical decision-making in ruling out asthma in primary care centres and potentially

lead to more accurate diagnoses and improved patient management.

Key words: exhaled nitric oxide, biomarkers, airway inflammation, asthma
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Resumo

Introdugao e objetivos

A fragdo de 6xido nitrico exalado (FeNO) emergiu como um biomarcador ndo invasivo
para avaliar a inflamacao eosinofilica das vias aéreas, oferecendo potencial apoio ao
diagndstico de asma nos cuidados de saude primarios. No entanto, os valores de corte
de diagndstico padronizados ndo consideram a significativa variagao interindividual.
Para superar esta limitacdo, este estudo explorou a utilidade diagndstica dos valores
individualizados do FeNO, derivados de equacOes de referéncia previamente
desenvolvidas (p. ex.: 0 método Lambda-Um-Sigma), e comparou-os com os valores

de corte fixos para o diagndstico de asma.
Material e Métodos

Esta é uma andlise secunddria do estudo EPI-ASTHMA realizado em 38 centros de
cuidados de saude primarios em Portugal, que incluiu adultos participantes nas fases
1 e 2. As avaliagdes clinicas compreenderam espirometria, medi¢cdes do FeNO e
contagem de eosindéfilos no sangue. Os valores individualizados de FeNO foram
calculados utilizando o método Lambda-Um-Sigma ja existente, ajustados para a
idade, sexo e altura. A precisdao diagndstica dos valores de corte individualizados foi
avaliada utilizando curvas ROC (receiver operating characteristic) e comparada com
os valores de corte absolutos recomendados pela American Thoracic society (ATS).
Propusemos dois valores para a percentagem prevista (% pred) para caraterizar os
valores individualizados de FeNO, nomeadamente, 100% pred e o 202% pred, para

excluir o diagndstico de asma.
Resultados

Foi incluido um total de 1383 participantes (mediana [p25-p75] 54 [43-65] anos), dos
guais 60,2% eram do sexo feminino e 11,7% eram fumadores ativos. A asma foi
diagnosticada em 258 (18,7%) participantes, que apresentavam niveis de FeNO
significativamente mais elevados em comparagdo com o grupo de participantes sem

asma (23,0 [13,0-43,75] ppb vs 16,0 [11,0-25,0] ppb, p<0,001). A utilidade diagndstica
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do FeNO foi moderada tanto para os valores previstos (AUC 0,64 [IC95% 0,60-0,69])
quanto para os valores absolutos (AUC 0,63 [IC95% 0,58-0,67]). O cut-off
individualizado previsto a 202% demonstrou a maior especificidade (84,2%), enquanto
que o cut-off individualizado previsto a 100% produziu a melhor sensibilidade (68,4%)
e o valor preditivo negativo (86,8%). O cut-off absoluto ATS 50 ppb manteve a

especificidade mais elevada (94,3%), embora com baixa sensibilidade (22,5%).

Conclusdo

O FeNO demonstra um desempenho diagndstico moderado como instrumento
autéonomo para a asma. Os pontos de corte individualizados do FeNO melhoram a
especificidade e podem apoiar melhor o processo de tomada de decisdo clinica na
exclusdo de asma, nos centros de cuidados de salde primadrios e, potencialmente,

conduzir a terapéuticas e diagndsticos mais exatos.

Palavras-chave: 6xido nitrico, biomarcadores, inflamacao, asma
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134 Abbreviations

135  ATS: American Thoracic Society

136  AUC: Area Under the Curve

137  BEos: Blood Eosinophils Count

138  BMI: Body Mass Index

139  Cl: Confidence Interval

140  FeNO: Fractional exhaled Nitric Oxide

141  FEVi: Forced exhaled expiratory volume in the first second
142  FEV:1/FVC: forced vital capacity ratio

143  FVC: Forced Vital Capacity

144  GP: General Practitioner

145  LLN: Lower Limit of Normality

146  NPV: Negative Predictive Value

147  PCC: Primary Care Center

148  ppb: part per billion

149 % pred: individualised percentage predicted values
150  PPV: Positive Predictive Value

151  ROC: Receiver Operating Characteristic curve

152 ULN90™: Upper Limit for Normality percentile 90
153  ULN95™: Upper Limit for Normality percentile 95

154 z-score: standardised values for FeNO
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Figures Index

Figure 1: Flowchart describing the selected participants eligible for this secondary

analysis.

Figure 2: Receiver Operating Characteristics (ROC curve) for FeNO absolute and

individualised percentage predicted values.
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Table 1. Description of participants included in the study (n=1,383).

Table 2. Discriminative and Predictive Ability of Absolute and Percentage Predicted

FeNO Cut-offs.
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Introduction

Asthma is a chronic and heterogeneous disease, characterised by breath sound
patterns and variable expiratory flow limitation, and symptoms such as, dyspnoea or
wheezing, that can be mistaken with other respiratory diseases such as chronic
obstructive pulmonary disease (COPD), rhinitis and allergies [1]. It affects people of all
ages and significantly impacts patients lives, including their health-related quality of
life and healthcare utilisation [2]. The global prevalence of asthma varies widely across
regions, with approximately 358 million people worldwide suffering from it, a number

that tends to increase with urbanisation [3].

In primary care centres (PCC), assessing asthma diagnosis can be challenging. Scarce
resources, often due to a lack of diagnostic test [4], such as spirometry and the
measurement of biomarkers like the fractional exhaled nitric oxide (FeNO) [5],
represent a significant barrier. Although the implementation of this biomarkers can
initially be costly and requires a process to disseminate these new practices, they are
recognised as cost-effective and respond to the growing demand for personalised
asthma care [6]. Given the heterogeneous phenotype and diverse inflammatory
mechanisms of asthma, objective biomarkers like FeNO are essential to identify

different patterns of the disease and support a more accurate diagnosis [7].

FeNO has emerged as a potentially useful biomarker for assessing airway
inflammation and facilitating asthma diagnosis [8, 9]. It is widely recognised as an
accurate, reproducible, and non-invasive diagnostic test for respiratory diseases,
including COPD, rhinitis, allergies, and asthma [10-12]. This biomarker measures local
eosinophilic inflammation in the airways [4] and has traditionally been interpreted
using fixed absolute cut-offs. According to the American Thoracic Society (ATS)
recommendations, an absolute cut-off above 50 ppb is considered the standardised
value for a high probability of local eosinophilic inflammation [13, 14]. Several studies
reported that FeNO has an 85% sensitivity and 90% specificity for diagnosing asthma,
particularly when combined with the clinical history and in steroid-naive and non-

smoking patients [15, 16]. However, current recommendation does not account for
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patients’ intra-individual factors, such as sex, age, height, smoking habits, and atopy,
which strongly influence FeNO levels. To address this need, individualised cut-offs
have been proposed [8, 17]. Jacinto et al., developed individualised values using the
lambda mu-sigma (LMS) method, which provides more accurate FeNO values, along
with upper and lower limits for normality (ULN and LLN, respectively) at the 90" or
95t percentile and the corresponding z-score [10]. This method considers the
parameters L, M, and S of the distribution, interpreted as the expected median (M) of
a participant, and additionally for the expected coefficient of variation (S) and
skewness (L) of a participant [18]. More recently, Amaral et al. [19], obtained robust
results by applying this method to derive individualised cut-offs for ruling out an
asthma diagnosis. To optimize clinical utility in primary care, two distinct
individualized FeNO cut-offs were selected based on their specific diagnostic profiles.
The 100% predicted cut-off demonstrated superior sensitivity, reinforcing its clinical
value for initial screening and reliably ruling out an asthma diagnosis. Conversely, the
202% predicted cut-off achieved the highest specificity among the personalized
values, offering a more robust assessment for ruling in an asthma diagnosis. The
application of this two tailored thresholds, thus enhance the diagnostic accuracy and
clinical interpretation of FeNO, particularly concerning the identification or exclusion

of type 2 inflammation-related airway diseases.

In patients with asthma, FeNO levels are positively correlated with sputum eosinophil
counts, the extent of eosinophil infiltration in bronchial biopsies, and bronchoalveolar
lavage fluid eosinophil counts [8, 17]. While FeNO and blood eosinophils (B-Eos) are
dependent on cytokines related to type 2 inflammation, they reflect different
inflammatory pathways and may represent distinct facets of inflammation in asthma
[20]. FeNQO in patients with asthma can be viewed as a complementary test for asthma
diagnosis [21]. Furthermore, in individuals with an elevated eosinophil phenotype,
FeNO could have a relevant clinical impact, both in guiding the implementation of
therapeutic strategies and in prognostic identification, as a reduction in eosinophils is
known to be associated with a decrease in asthma exacerbations and hospitalizations

[22, 23].
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Eosinophils, immune system cells associated with allergic inflammation, play a
fundamental role in asthma. The relationship between peripheral blood eosinophil
levels and FeNO levels strengthens the clinical utility of this measurement [14]. The
presence of peripheral eosinophilia combined with high FeNO levels increases the
likelihood of eosinophilic asthma. Al Ghobain et al., [24] demonstrated that a Blood
Eosinophils Count at 300 cells/mm3 had a sensitivity of 63%, a 77% specificity, and an
AUC of 72%, representing an optimal cut-off point for FeNO superior to 25 ppb.
Additionally, monitoring eosinophils throughout treatment provides a dynamic
approach to asthma management, allowing personalised adjustments to therapeutic

strategies [24].

In this study, we hypothesise that FeNO can be used as a screening biomarker tool to
rule-out asthma diagnosis in PCC. Our primary aim is to evaluate the diagnostic utility
of individualised FeNO values derived from previously developed reference equations.
Secondly, we will compare these individualised percentage predicted cut-offs with

fixed cut-offs for asthma diagnosis in primary care settings.
Methods

Study Design

This is a secondary analysis of the EPI-ASTHMA study, a population-based, nationwide
prevalence study (NCT05169619). EPI-ASTHMA used a stepwise approach with four
consecutive stages detailed elsewhere [25]. We used data collected from Stages 1 and
2 collected between May 2021 and March 2024 in 38 PCCs of the Portuguese National
Health Service. This PCCs were geographically distributed across all mainland Portugal
Health Regions (North, Centre, Lisbon Metropolitan Area, Alentejo, and Algarve) [26].
This study was described according to the Statement for Reporting Studies of

Diagnostic Accuracy (STARD) guideline for reporting diagnostic accuracy studies [27].
Ethical considerations

The study protocol was approved by local health research ethics committees of

Regional Health Administrations of North (CE/2022/117), Center (27/2021), Lisbon
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and Tagus Valley (2775/CES/2022), Alentejo (11/CE/2022), Algarve (1/2022), and of
the Local Health Units of Matosinhos (38/CES/JAS) and Alto Minho (38/2021). The
study was conducted in accordance with the ethical standards of the Declaration of
Helsinki and the ethical recommendations for health research involving human
participants. Subjects were invited to participate by clinical secretaries of the PCCs
during a phone call (Stage 0), and those providing oral consent were then contacted
by a healthcare professional to answer a phone screening interview (Stage 1).
Participants with respiratory symptoms during Stage 1 were invited for a diagnostic
visit (Stage 2), where written informed consent was obtained prior to all study

procedures.

Participants

This secondary analysis included adult subjects who participated in both Stage 1 and
Stage 2. Subjects randomly selected from the database of the 38 PCCs were included
in Stage 1 if they were at least 18 years old and agreed to answer a screening
interview. Subjects reporting respiratory symptoms during Stage 1 were included in
Stage 2. Around 5% of subjects with no respiratory symptoms were also invited for
Stage 2 for quality control. Subjects with any specific physical and/or cognitive
disabilities that prevented them from cooperating with the study procedures (e.g.,
lung function tests) and/or non-Portuguese speakers were excluded from the study.
In this secondary analysis, we additionally excluded subjects who (1) smoked in the
last hour, (2) took oral or inhaled corticosteroids in the last 48 hours, (3) exercised
vigorously in the last hour, and (4) ate nitrate-rich vegetables, and/or nitrite-rich
meats in the last three hours. The first three exclusion criteria seem to underestimate
FeNO values [12, 28], and the last one overestimates FeNO levels [8]. We also
excluded subjects aged over 80 years and of ethnicity other than Caucasian, as
equations for individualised FeNO values have only been calculated using a sample

aged between 6 and 80 years and a Caucasian population [10].
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Data collection

In this secondary analysis, we used data collected during the diagnostic visit
conducted in a mobile unit close to the PCC (Stage 2). The diagnostic visit included
clinical history, physical examination, lung function tests (spirometry), inflammatory
biomarker testing (FeNO, blood eosinophil count), and patient-reported outcome
measures. At the beginning of the visit, sex, age, weight in kilograms, height in
centimeters, ethnicity, smoking status, and comorbidities (atopy and eczema) were
collected. One general practitioner (GP), clinical physiologist, and clinical researcher
were responsible for the data collection. As this was a multicenter study, 179 GPs, 5

clinical physiologists, and 1 clinical researcher were involved.

Spirometry

Lung function variables, such as basal forced expiratory volume in the first second
(FEV1), forced vital capacity (FVC), and the ratio between forced expiratory volume in
the first second and forced vital capacity (FEV1/FVC), as well as their predicted values
were assessed by spirometry. Spirometry maneuvers followed the ATS
recommendations [29], and predictive values were interpreted according to the
Global Lung Function Initiative [30]. All measurements were performed using the
Minispir S spirometer (MIR, Rome, ltaly) and respective software (winspiroPRO,

version 8.5.5, MIR, Rome, ltaly).

FeNO

A calibration of the FeNO environment was performed before testing. Briefly,
participants were asked to place their mouths in the mouthpiece of the analyser and
immediately fill their lungs with NO-free air. They were then asked to blow out all the
air at a constant rate of 50 ml/s for 10 seconds [31]. They were asked to blow for at
least 6 seconds if they could not do so. During the maneuver, participants were given
feedback on their performance with the help of an animated display to guide them
through the assessment and facilitate collaboration [32]. All FeENO measurements
were performed with NIOX VERO equipment (Circassia AB, Uppsala, Sweden) and

interpreted using absolute and individualised cut-offs. FeNO values were measured in
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part per billion (ppb), while individualised percentage predicted (% pred) refers to the
expected normal FeNO value adjusted for individual characteristics, such as age, sex,
and height. Absolute cut-offs recommended by the ATS classify FeNO as low, if less
than 25 ppb; moderate, between 25-50 ppb; and high, if greater than 50 ppb, which
suggests a high probability of local eosinophilic inflammation [13, 14]. FeNO predicted
values were obtained for all subjects using lambda-mu-sigma methods with the
explanatory variables sex, age, height, and FeNO values obtained during the diagnostic
visit at stage 2, using refined prediction equations for FeNO [19]. To establish a better
correspondence between sensitivity and specificity and to meet the purpose of our
study, different cut-off points were determined, namely 100% predicted and 202%
predicted values, to express the likelihood of asthma. We selected the 50 ppb absolute
cut-off and the 202% predicted cut-off to rule in asthma, and the 25 ppb absolute cut-

off and the 100% predicted cut-off to rule out asthma, respectively.

Blood Eosinophil

A blood sample was obtained by finger prick to measure the blood eosinophil count.
All blood eosinophil counts were measured using a point-of-care testing analyser
(HemoCue WBC DIFF analyser, HemoCue AB, Angelholm, Sweden). A low probability
of systemic eosinophilic inflammation was considered for values below 0.3 pL and a

high likelihood of systemic eosinophilic inflammation above 0.3 L [33].
Statistical analysis

Descriptive statistics were used to characterise sociodemographic and clinical
variables. Categorical variables (sex, smoking status, comorbidities, FeNO
classification, and blood eosinophil count categories) were presented as absolute
frequencies and proportions. Continuous variables (age, body mass index, spirometry
measures, FeNO measures) were presented as median and percentiles 25-75. To test
differences regarding sociodemographic and clinical characteristics between subjects
with asthma and subjects without asthma groups, we used the Mann-Whitney test for
continuous data and Chi-Square (X?) tests for categorical data. When a statistically

significant difference was found for a categorical variable with more than two
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categories, an X? multiple comparison test with Bonferroni correction was performed
to explore which categories differed.

To evaluate the discriminative/predictive power of the FeNO measurements, the final
asthma diagnose established by the GP was utilised as the reference standard. This
diagnosis was determined according to established clinical criteria, encompassing
patient history, symptoms, and objective tests (such as spirometry, FeNO and blood
eosinophils count), as per international guidelines [13, 30, 34]. Receiver operating
characteristic (ROC) curves and the corresponding area under the curve (AUC) analysis
were subsequently carried out to quantify the diagnostic performance of the FeNO
values against this clinical benchmark. Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), were used as diagnostic accuracy measures for
25 ppb and 50 ppb absolute cut-offs proposed by ATS. Additionally, we considered the
combination of PPV, NPV, sensitivity, and specificity best suited the purpose of the
individualised cut-off points for each case. All statistical analyses were performed
using IBM SPSS Statistics (version 29.0) and the R statistical software (version 3.1.1).

A p-value £ 0.05 was considered statistically significant.
Results

Participants

A total of 1857 subjects participated in Stage 2 of the EPI-ASTHMA study, from which
we excluded 474 participants for not meeting the eligibility criteria defined for this

secondary analysis (Figure 1).
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Completed stage 2
(n=1857)

Exclusion criteria:
Smoked the last hour before the exam (n=207)
Oral or inhaled corticosteroids in the last 48 hours (n=106)
X » - Eating nitrate-rich vegetables and/or nitrate-rich meats in the last 3 hours (n=56)
*  Age superior to 80 years old (n=53)
Other ethnicity rather than caucasian (n=41)
Strenuous exercise in the last hour (n=11)

A 4
Eligible participants
(n=1383)

Figure 1: Flowchart describing the selected participants eligible for this secondary

analysis.

The characteristics of the included participants are shown in Table 1. Of the 1383
participants included, 833 (60.2%) were female and 258 (18.7%) were diagnosed with
asthma. Participants with asthma were younger (p<0.001) and had more frequent
nasal polyposis (p=0.001) and eczema (p=0.002) than subjects without asthma.
Participants with asthma exhibited significantly elevated FeNO levels (23.0 ppb vs.
16.0 ppb, p<0.001), a higher proportion above 50 ppb (22.5% vs. 5.7%, p<0.001), and
a higher percentage predicted value (115.7% pred vs 102.4% pred, p<0.001). Multiple
comparisons with the Bonferroni correction, revealed significant differences in FeNO
levels between the asthma and non-asthma groups (p<0.001). Specifically, there were
significant differences between the <25 ppb category (p=0.0031) and both the 25-50
ppb and >50 ppb categories (p < 0.001).

Blood eosinophil counts differed significantly between the groups (p<0.001), being
higher in the asthma group than the non asthma group (17.2% vs 8.3%, respectively).
The non-asthma group obtained a range of ULN95%" and a ULN90® significantly higher
(p<0.001) than the asthma group; conversely, the z-score showed us a higher
significant range in the asthma group compared to the non-asthma group (p<0.001)

for the FeNO values.
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Table 1. Description of participants included in the study (n=1383).

Total Asthma Non-Asthma p-value

(n=1383) (n=258) (n=1125)
Sex, n (%) 0.1029
Female 833 (60.2) 167 (64.7) 666 (59.2)
Age, years 54.0 [43.0-65.0] 49.5 [40.0-61.0] 55.0 [44.0-66.0] <0.001t
Height, (cm) 165.0 [159.0-172.0] 165.5 [159.0-171.5] 165.6 [158.0-172.0] 0.918%
BMI, (kg/m?) 26.9 [24.2-30.7] 27.1[23.9-30.9] 26.9 [24.2-30.5] 0.795%
Smoking status®, n (%) 0.3619
Never smoker 816 (59.2) 156 (60.5) 660 (59.8)
Former smoker 401 (29.1) 67 (26.0) 334 (28.9)
Current smoker 162 (11.7) 35 (13.6) 127 (11.3)
Comorbidities, n (%)
Eczema 183 (13.2) 49 (19.0) 134 (11.9) 0.0029
Nasal polyposis 79 (5.7) 26 (10.1) 53 (4.7) <0.0019
Spirometry measurements
FVC, L 3.33 [2.74-4.01] 3.32 [2.86-4.02] 3.33 [2.70-4.00] 0.213%
FEVy, L 2.72[2.21-3.77] 2.62 [2.22-3.17] 2.74 [2.21-3.31] 0.261%
FEV.1/FVC 81.6 [77.0-85.4] 78.7 [74.1-83.4] 82.2[78.1-85.8] <0.001%
FeNO measurements
FeNO, ppb® 17.0 [11.0-27.0] 23.0[13.0-43.7] 16.0 [11.0-25.0] <0.001%
FeNO classificationd, n (%) <0.0019*
<25.0 ppb 769 (57.8) 105 (43.0) 664 (61.1)
25.0-50.0 ppb 444 (33.4) 84 (34.4) 360 (33.1)
>50.0 ppb 117 (8.8) 55 (22.5) 62 (5.7)
FeNO, % pred® 103.9 [88.2-120.9] 115.6 [93.8-143.4] 102.4 [87.4-116.9]  <0.001%
z-score 0.21[-0.65,1.16] 0.8 [-0.3-2.2] 0.1[-0.7-0.9] <0.001t
ULN9Sth®, ppb 34.6 [30.0-39.7] 32.8[28.5-38.4] 35.0([30.3-39.9]  <0.001%
ULN9Oth, ppb 29.0[25.3-33.1] 27.5[23.9-32.0] 29.5[25.5-33.3] <0.001%
;Zod Eosinophils Count¢, n <0.001q
20.30 ulL 124 (9.9) 39 (17.2) 85 (8.3)

Values are presented as median, M, and percentile 25, p25, and percentile 75, p75, for continuous variables unless

otherwise indicated. Abbreviations: BMI, Body Mass Index; cm — centimeters; FeNO, a fraction of exhaled nitric

oxide; FEV;, Forced expiratory volume in the first second; FVC, Forced Vital Capacity; FEV1/FVC, Tiffenau Index;
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Kg/m?, kilograms per square meter; L, liters; ppb, parts per billion; %pred, percentage predicted; ? four missings;
b53 missings; © 133 missings; Tested by Chi-Square test; *multiple comparisons showed that only between 25 ppb
and 25.0-50.0 ppb were no statistically significant differences;  Tested by Mann-Whitney U-test; ULN90, the
upper limit for normality percentile 90; ULN95t, the upper limit for normality percentile 95; z-score, standardised

values for FeNO.

FeNO as a screening tool

Figure 2 represents, through ROC curves, the ability of FeNO individualised predictive
and absolute values to discriminate between participants with and without asthma.
The discriminatory capacity for the FeNO absolute value, summarised by the AUC, was
0.63 (95% ClI 0.58-0.67), and the AUC for FeNO individualised percentage predicted
values was 0.64 (95% Cl 0.60-0.69).

ROC Curve
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Figure 2: Receiver Operating Characteristics (ROC curve) for FeNO absolute and percentage predicted

values.

Reference Line. The solid red line represents FeNO absolute cut-offs, and the solid blue line represents FeNO

predictive values. The area under the ROC curve is 0.640 for individualised FeNO values.

Absolute cut-offs according to ATS recommendations

The absolute cut-off of 25 ppb demonstrated moderate sensitivity and specificity for

detecting asthma, 57.0% vs 61.1%, respectively. While it achieved a high NPV of 86.4%,
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401 the PPV was considerably lower at 24.8%. The cut-off value of 50 ppb showed inverse

402  characteristics, with low sensitivity (22.5%) but high specificity (94.3%) (Table 2).

403 Table 2. Discriminative and Predictive Ability of Absolute and Percentage Predicted

404 FeNO Cut-offs.

FeNO N Sensitivity % Specificity % PPV % NPV %
measurements (95% Cl) (95% Cl) (95% Cl) (95% Cl)
25 ppb 769 57.0 (50.5-63.3) 61.1(58.2-64.1) 24.8 (22.4-27.3) 86.4 (84.5-88.0)
50 ppb 117 22.5(17.5-28.3) 94.3(92.7-95.6) 47.0 (38.8-55.4) 84.4 (83.4-85.3)
100 % pred 748 68.4 (62.2-74.2) 46.5 (43.5-49.5) 22.3(20.6-24.1) 86.8 (84.4-88.9)
202 % pred 269 39.8 (33.8-46.2) 84.2 (81.9-86.3) 36.1 (31.5-40.9) 86.2 (84.8-87.4)
405 Data are presented as n (%) and confidence intervals (95% Cl). Abbreviations: FeNO, fractional exhaled nitric oxide;
406 NPV, negative predictive value; ppb, part per billion; % pred, percentage predicted value of FeNO; PPV, positive
407  predictive value.
408 Individualised percentage predicted cut-off proposed
409  The cut-off points proposed to assist in ruling in and ruling out asthma diagnosis were
410  202% predicted and 100% predicted values, respectively. The first cut-off (202% pred)
411 demonstrated low sensitivity but high specificity, 39.8% vs. 84.2%, respectively,
412  resulting in a high NPV of 86.2%. Conversely, the 100% predicted FeNO cut-off
413  exhibited moderate sensitivity and low specificity, 68.4% vs 46.5% compared to the
414  higher cut-off.
415 Discussion
416 This secondary analysis represents a significant step in applying FeNO as a diagnostic
417  toolfor rule-out asthma. By rigorously validating individualised predicted FeNO values
418  within a large, multicenter PCC population in Portugal, we demonstrate the
419 considerable potential of this approach to improve diagnostic accuracy in this crucial
420 healthcare setting.
421  Asexpected and consistent with existing literature, participants with asthma exhibited
422  asignificantly higher median FeNO absolute and percentage predicted value to those
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without asthma. The overall discriminatory power of FeNO in our study was moderate

(0.64).

The use of personalised cut-offs yielded high values of specificity, which aligns and
strengthens the findings of Karrasch, Linde, et al [15]. These results underscore the
principle that as the cut-off threshold increases, specificity generally improves while
sensitivity tends to decrease. Regarding the 100% predicted FeNO cut-off, while it
demonstrates improved sensitivity compared to the fixed 25 ppb threshold, a
corresponding decrease in specificity was observed. Crucially, both cut-offs
maintained high NPV of approximately 86.8% and 86.4%, respectively, which is highly
advantageous for ruling out asthma. This high NPV, even with a decrease in specificity
for the 100% predicted cut-off, is not contradictory when the primary aim is exclusion,
as a high NPV indicates a low probability of the disease given a negative test result.
Conversely, both thresholds exhibited similarly low PVP of 22.3% and 24.8%,
respectively. When comparing the 202% predicted cut-off with the absolute 50 ppb
threshold, all accuracy measures were higher for the absolute cut-off, with the
exception of sensitivity (39.8% vs. 22.5%) and the PPV (86.2% vs 84.4%). The narrow
confidence intervals observed further reinforce the reliability of these measures. The
202% predicted cut-off, despite some lower accuracy metrics compared to the 50 ppb
absolute cut-off, still demonstrates promising results in ruling out asthma due to its
high NPV. In contrast, while less sensitive, the absolute cut-offs may be more helpful
in confirming asthma in patients with strong clinical suspicion and positive diagnostic
findings [15]. However, the lower PPV across all evaluated cut-offs underscores the
critical importance of using FeNO in conjunction with other diagnostic tools [35, 36].
Therefore, rather than relying solely on this biomarker for diagnosis, GPs should
consider integrating FeNO as part of a comprehensive battery of tests, in combination

with other assessments such as spirometry and clinical history.
Limitations and Future Directions

Despite the promising findings, it is essential to acknowledge the limitations of this

study. Interpreting FeNO values is inherently complex owing to numerous underlying
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causes for variation in levels including: smoking habits, diet, respiratory tract
infections, time of day, height, gender and age [37]. While a vital strength of our study
lies in its large sample size, recruited from the mainland Portuguese population, its
confinement to primary healthcare centres a vital strength may limit the direct
extrapolation of results to other clinical settings, such as secondary hospitals.
Furthermore, our sample exhibited a notable gender imbalance, with a predominant
representation of female subjects (60.2%). This may be attributable to a voluntary bias
effect, as feedback from researchers involved in the interview phase (phases 0 and 1
of the original EPI-ASTHMA study), stated that female participants were generally
easier to recruit and more willing to engage. Regarding ethnicity, only Caucasian
subjects were included in our analysis. This was necessary the fact that the
individualised FeNO references equations were developed and validated exclusively
for Caucasian populations [10, 19]. Consequently, our findings cannot be directly
extrapolated to other ethnic groups, underscoring the relevance of future studies
specially addressing this matter. Similarly, the exclusion of participants over the age
of 80 from the reference equations used (Jacinto, Amaral et al. 2018, Amaral 2023)
poses a challenge for external validation, limiting the generalizability of our results to
this older age group. Future research is vital to develop and validate FeNO reference
equations that encompass a broader range of ages and ethnicities within the

Portuguese population.

Crucially, it is important to address the “gold standard” utilised for asthma diagnosis
in our study. Our diagnostic classification was based on the GP clinical assessment,
whereas the original studies that established and validated individualised FeNO values
typically employed more objective and robust methods, such as methacholine
challenge tests or bronchodilator reversibility tests, as their gold standard (Jacinto et
al., 2018 and Amaral et al., 2023). This difference in diagnostic reference could
potentially influence the reported accuracy of FeNO in our cohort and impact the
direct comparability of our findings with those studies. Additionally, factors such as
the diurnal variability in FENO [38] were not accounted for in this analysis, which could
introduce some variability. Finally, while not a primary aim of this study, the potential

influence of comorbidities like atopy and eczema [4] on FeNO levels and its diagnostic
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utility represents an essential avenue for subsequent investigation, potentially

through refined logistic modelling.

Despite the limitations mentioned above, this study significantly contributes to the
existing body of knowledge by being one of the first to rigorously evaluate and validate
the performance of individualised FeNO prediction equations within a large,
multicentre Portuguese primary care cohort. It provides robust empirical evidence
supporting the potential clinical utility of individualised FeNO assessment, particularly
highlighting the value of its high NPV for effectively ruling out asthma in a real-world
primary care setting. This work lays on the groundwork for potentially refining
national healthcare guidelines and standardising asthma diagnosis pathways across
Portuguese PCCs. Incorporating individualised FeNO assessment into routine practice
could facilitate earlier and more accurate diagnosis, optimise resource allocation by
reducing unnecessary specialist referrals, and ultimately enhance patient
management strategies. This is particularly relevant for guiding targeted therapies in
specific inflammatory phenotypes like eosinophilic asthma, where FeNO can serve as
a valuable biomarker [39]. Continued research focused on refining these
individualised prediction models and addressing the identified limitations is essential
to fully realise the potential of FeNO as a robust diagnostic tool in routine clinical

practice.
Conclusion

This secondary analysis provides valuable insights into applying FeNO as a screening
tool to rule-out asthma diagnosis within the Portuguese primary care landscape. Our
findings corroborate that while FeNO demonstrates moderate overall discriminatory
capacity for asthma diagnosis, using individualised percentage-predicted FeNO cut-
offs yields distinct advantages, particularly high specificity. Specifically, the 100% and
202% predicted FeNO thresholds exhibited substantial NPVs (approximately 86%),
underscoring their utility in effectively ruling out asthma - a crucial function in primary
care settings where diagnostic uncertainty often prevails and resources like

spirometry may be limited or yield inconclusive results.
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Conversely, fixed cut-offs, such as the 50 ppb, retain crucial utility for confirming an
asthma diagnosis, particularly in patients with objective supporting evidence (e.g.,
positive post-bronchodilator spirometry). In contrast, the individualised cut-offs offer
unique value in situations of diagnostic uncertainty: the 100% pred cut-off, with its
superior sensitivity and consistent NPV, is highly effective for reliably ruling out the
diagnosis when clinical history suggests asthma but objective findings are
inconclusive. However, the consistently low PPV across all evaluated FeNO thresholds
reinforces the critical message that FeNO should not be employed as a standalone
diagnostic test. Its interpretation necessitates integration within a comprehensive
clinical evaluation, encompassing patient history, symptomatology, and, ideally,

spirometry, aligning with previous recommendations [40, 41].
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669 Reporting Guidelines STARD (The Standards for

670 Reporting of Diagnostic Accuracy Studies)

Section & Topic

No Item

Reported on page #

TITLE OR
ABSTRACT
Identification as a study of diagnostic accuracy : p. 4 “Predicted FeNO levels had a slightly
using at least one measure of accuracy higher discriminatory power (AUC
(such as sensitivity, specificity, predictive 0.64[95%Cl 0.60-0.69])"
values, or AUC)
ABSTRACT

Structured summary of study design,
methods, results, and conclusions
(for specific guidance, see STARD for
Abstracts)

p. 4 “This is a secondary analysis of the
EPI-ASTHMA study. We analysed adult
participants randomly recruited from 38
primary healthcare centres in Portugal
were analysed.”; “Materials and
Methods”; “Results”; “Conclusions”.

INTRODUCTION

Scientific and clinical background, including
the intended use and clinical role of the index
test

p.10 “The diagnosis of asthma in primary
care centers (PCC) can be difficult (...) this
pathology have heterogeneous
phenotype and inflammatory
mechanisms (...) fractional exhaled nitric
oxide (FeNO), are needed to identify
different patterns of asthma and support
asthma diagnosis.”

Study objectives and hypotheses

p. 10 “We hypothesised that FeNO can be
used as an asthma screening biomarker in
the PCC. Our primary aim is to evaluate
the predictive ability of FeNO to diagnose
asthma using individualised FeNO values.”

METHODS

Study design

Whether data collection was planned before
the index test and reference standard were
performed (prospective study) or after
(retrospective study)

Not applicable. p. 11 “This is a secondary
analysis of EPI-ASTHMA study, a
population-based, nationwide,
prevalence study. EPI-ASTHMA used a
stepwise approach with four consecutive
stages, which are detailed elsewhere
(Jacome et al. 2022).”

Participants

Eligibility criteria

p. 12 “Subjects randomly selected from
the database of the 38 PCCs were
included in Stage 1 if had at least 18 years
old and agreed to answer a screening
interview.”;

p. 13 e 14 “we additionally excluded
subjects who (1) smoked in the last hour;
(2) took oral or inhaled corticosteroids in
the last 48 hours; (3) exercised vigorously
in the last hour and (4) ate nitrate-rich
vegetables and/or nitrite-rich meats in
the last three hours.”

On what basis potentially eligible participants
were identified

p.12 “Only subjects reporting respiratory
symptoms during Stage 1 were included
in Stage 2"
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(such as symptoms, results from previous
tests, inclusion in registry)

8 Where and when potentially eligible p. 12 “Subjects randomly selected from
participants were identified (setting, location : the database of the 38 PCCs were
and dates) included in Stage 1”
9 Whether participants formed a consecutive, p. 12 “Subjects randomly selected from
random or convenience series the database of the 38 PCCs were
included in Stage 1”
Test methods 10a | Index test, in sufficient detail to allow Not applicable. Details about the index
replication test can be found in the original Lambda
Mu-Sigma method (Jacinto el al. 2018)”
10b : Reference standard, in sufficient detail to Not applicable. This study is a secondary
allow replication analysis of the EPI-ASTHMA. Details about
the reference standard can be found in
the original Lambda Mu-Sigma method
(Jacinto el al. 2018)”
11  Rationale for choosing the reference standard : Not applicable. This study is a secondary
(|f alternatives exist) analysis of the EPI-ASTHMA. Details about
the reference standard can be found in
the original Lambda Mu-Sigma method
(Jacinto el al. 2018)”
12a : Definition of and rationale for test positivity p. 16 “FeNO predicted values were
cut-offs or result categories obtained for all subjects using lambda-
of the index test, distinguishing pre-specified = Mu-sigma methods with the explanatory
from exploratory variables sex, age, ethnicity, height and
FeNO values obtained during the
diagnostic visit at stage 2, using refined
prediction equations for FeNO (Amaral
2023). To establish a better
correspondence between sensitivity and
specificity, and to meet the purpose of
our study, different cut-offs points were
determined, namely 100% predicted and
202% predicted values, to express the
likelihood of asthma”
12b : Definition of and rationale for test positivity N/A
cut-offs or result categories
of the reference standard, distinguishing pre-
specified from exploratory
13a : Whether clinical information and reference N/A
standard results were available
to the performers/readers of the index test
13b | Whether clinical information and index test N/A
results were available
to the assessors of the reference standard
Analysis 14 | Methods for estimating or comparing p. 16 “To evaluate the
measures of diagnostic accuracy discriminative/predictive power of the
FeNO values, in comparison to the GP
final diagnosis of asthma, receiver
operating characteristic (ROC) curves
analysis was carried out.”
15 : How indeterminate index test or reference Not applicable. p. 11 “This is a secondary
standard results were handled analysis of EPI-ASTHMA study, a
population-based, nationwide,
prevalence study.
16 | How missing data on the index test and Not applicable. p. 11 “This is a secondary

reference standard were handled

analysis of EPI-ASTHMA study, a
population-based, nationwide,
prevalence study.
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17 | Any analyses of variability in diagnostic Not applicable. “This is a secondary
accuracy, distinguishing pre-specified from analysis of EPI-ASTHMA study, a
exploratory population-based, nationwide,

prevalence study”

18 : Intended sample size and how it was Not applicable. This study is a secondary
determined analysis of the EPI-ASTHMA. Details about

the reference standard can be found in
the study protocol (Jacome et al. 2022)”
RESULTS
Participants 19 | Flow of participants, using a diagram p. 16 Figure 1

20 : Baseline demographic and clinical p. 16 “A total of 1857 subjects

characteristics of participants participated in Stage 2 of EPI-ASTHMA
study, from which we excluded 474
participants for not meeting the eligibility
criteria defined for this secondary
analysis (Figure 1). The characteristics of
the included participants are shown in
Table 1.”

21a : Distribution of severity of disease in those Not applicable. This study is a secondary

with the target condition analysis of the EPI-ASTHMA. Details about
the reference standard can be found in
the study protocol (Jdcome et al. 2022)”
21b : Distribution of alternative diagnoses in those Not applicable. This study is a secondary
without the target condition analysis of the EPI-ASTHMA. Details about
the reference standard can be found in
the study protocol (Jacome et al. 2022)”
22 : Time interval and any clinical interventions Not applicable. This study is a secondary
between index test and reference standard analysis of the EPI-ASTHMA. Details about
the reference standard can be found in
the study protocol (Jacome et al. 2022)”
Test results 23 : Cross tabulation of the index test results (or p. 17 Figure 2
their distribution)
by the results of the reference standard

24  Estimates of diagnostic accuracy and their p.17 “The discriminatory capacity for the

precision (such as 95% confidence intervals) FeNO absolute value, summarised by the
AUC was 0.63 (95% Cl 0.58-0.67) and the
AUC for FeNO individualised percentage
predicted values was 0.64 (95% Cl 0.60-
0.69).“

25 | Any adverse events from performing the Not applicable. “This is a secondary

index test or the reference standard analysis of EPI-ASTHMA study, a
population-based, nationwide,
prevalence study.”
DISCUSSION

26  Study limitations, including sources of p.18 “Interpreting FeNO values is not
potential bias, statistical uncertainty, and straightforward (...) only used a sample
generalisability from primary healthcare centers, which

may limit the extrapolation of the results
to other settings (...)

27  Implications for practice, including the p.19 “incorporating FeNO into clinical

intended use and clinical role of the index test

practice, healthcare providers can make
more informed decisions about diagnosis
and treatment, ultimately improving
patient outcomes. The establishment of
individualised predicted FeNO values
tailored to the Portuguese population
could significantly impact national
healthcare policies and the
standardization of asthma diagnosis in
pcc”
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OTHER
INFORMATION

28

Registration number and name of registry

p.12 “This is a secondary analysis of EPI-
ASTHMA study, a population-based,
nationwide, prevalence study
(NCT05169619).”

29

Where the full study protocol can be accessed

p. 12 “EPI-ASTHMA used a stepwise
approach with four consecutive stages,
which are detailed elsewhere (Jacome et
al. 2022).”

30

Sources of funding and other support; role of

funders

p. 10 “This secondary analysis was not
funded, but used data from EPI-ASTHMA,
which was sponsored by AstraZeneca”

671

33



672

673

674
675
676
677
678

679

680
681
682
683
684
685

686
687
688
689
690
691

692
693
694
695
696
697
698
699
700

701
702
703
704
705
706

STARD 2015

AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of
items was developed to contribute to the completeness and transparency of
reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the
information has been included in manuscripts submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to
correctly classify study participants as having a target condition. This can be a disease,
a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from
history and physical examination, a combination of these, or any other method for
collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the
accuracy of one or more index tests. Evaluating the ability of a medical test to correctly
classify patients is typically done by comparing the distribution of the index test results
with those of the reference standard. The reference standard is the best available
method for establishing the presence or absence of the target condition. An accuracy
study can rely on one or more reference standards.

If test results are categorised as either positive or negative, the cross tabulation of the
index test results against those of the reference standard can be used to estimate the
sensitivity of the index test (the proportion of participants with the target condition
who have a positive index test), and its specificity (the proportion without the target
condition who have a negative index test). From this cross tabulation (sometimes
referred to as the contingency or “2x2” table), several other accuracy statistics can be
estimated, such as the positive and negative predictive values of the test. Confidence
intervals around estimates of accuracy can then be calculated to quantify the
statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results
as positive or negative requires a test positivity cut-off. When multiple such cut-offs
can be defined, authors can report a receiver operating characteristic (ROC) curve
which graphically represents the combination of sensitivity and specificity for each
possible test positivity cut-off. The area under the ROC curve informs in a single
numerical value about the overall diagnostic accuracy of the index test.
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The intended use of a medical test can be diagnosis, screening, staging, monitoring,
surveillance, prediction or prognosis. The clinical role of a test explains its position
relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is
used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in
the evaluation of medical tests. Medical tests can also be used to classify patients for
purposes other than diagnosis, such as staging or prognosis. The STARD list was not
explicitly developed for these other outcomes, statistics, and study types, although
most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an
international expert group of methodologists, researchers, and editors. The guiding
principle in the development of STARD was to select items that, when reported,
would help readers to judge the potential for bias in the study, to appraise the
applicability of the study findings and the validity of conclusions and
recommendations. The list represents an update of the first version, which was
published in 2003.

More information can be found on http://www.equator-network.org/reporting-

guidelines/stard.
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Regras de formatacdao e normas da revista:

Pulmonology

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should be
used as much as possible when cross-referencing text: refer to the subsection by

heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarised, and
indicated by a reference. If quoting directly from a previously published method, use
guotation marks and also cite the source. Any modifications to existing methods

should also be described.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive

citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and

Discussion section.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eqg. (B.1) and so on. Similarly for tables and

figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

e Author names and dffiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-case superscript
letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if
available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure
that the e-mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at
which the author actually did the work must be retained as the main, affiliation

address. Superscript Arabic numerals are used for such footnotes.

Abstract
A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is

often presented separately from the article, so it must be able to stand alone. For
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this reason, References should be avoided, but if essential, then cite the author(s)
and year(s). Also, non-standard or uncommon abbreviations should be avoided, but

if essential they must be defined at their first mention in the abstract itself.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context
or background for the research and should state its purpose, basic procedures
(selection of study subjects or laboratory animals, observational and analytical
methods), main findings (giving specific effect sizes and their statistical significance,
if possible), and principal conclusions. It should emphasize new and important

aspects of the study or observations.

The headings will consist of: «Introduction and Objectives», «Patients or Materials

and Methods», «Results» and «Conclusions».

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
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List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant

number zzzz]; and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or

organization that provided the funding.

If no funding has been provided for the research, please include the following

sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system
of units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical

abuse and will be dealt with accordingly. For graphical images, this journal is
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843  applying the following policy: no specific feature within an image may be enhanced,
844  obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or
845  color balance are acceptable if and as long as they do not obscure or eliminate any
846 information present in the original. Nonlinear adjustments (e.g. changes to gamma

847  settings) must be disclosed in the figure legend.

848  Electronic artwork

849  General points

850 e Make sure you use uniform lettering and sizing of your original artwork.

851 ¢ Embed the used fonts if the application provides that option.

852 ¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New
853  Roman, Symbol, or use fonts that look similar.

854 e Number the illustrations according to their sequence in the text.

855 e Use a logical naming convention for your artwork files.

856 e Provide captions to illustrations separately.

857 e Size the illustrations close to the desired dimensions of the published version.
858 e Submit each illustration as a separate file.

859 e Ensure that color images are accessible to all, including those with impaired color

860 vision.

861 A detailed guide on electronic artwork is available.

862  You are urged to visit this site; some excerpts from the detailed information are

863  given here.

864  Formats

865  If your electronic artwork is created in a Microsoft Office application (Word,

866  PowerPoint, Excel) then please supply 'as is' in the native document format.

867  Regardless of the application used other than Microsoft Office, when your electronic
868  artwork is finalised, please 'Save as' or convert the images to one of the following
869  formats (note the resolution requirements for line drawings, halftones, and

870 line/halftone combinations given below):

871  EPS (or PDF): Vector drawings, embed all used fonts.

872  TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
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dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF) or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect

and other sites). Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum

but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.

Please avoid using vertical rules and shading in table cells.

References
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Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished
results' or 'Personal communication'. Citation of a reference as 'in press' implies that

the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting
and indexing services, such as Scopus, CrossRef and PubMed, please ensure that
data provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue
is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of

Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the

format of such citations should be in the same style as all other references in the

paper.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired, or

can be included in the reference list.
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Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. This identifier will not appear in your

published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed
publication, the formal publication should be used as the reference. If there are
preprints that are central to your work or that cover crucial developments in the
topic, but are not yet formally published, these may be referenced. Preprints should
be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be

provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and

any citations in the text) to other articles in the same Special Issue.

Reference style

Text: Indicate references by superscript numbers in the text. The actual authors can
be referred to, but the reference number(s) must always be given.

List: Number the references in the list in the order in which they appear in the text.
Examples:

Reference to a journal publication:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci

Commun 2010;163:51¢9. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:
2. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific
article. Heliyon. 2018;19:e00205. https://doi.org/10.1016/].heliyon.2018.e00205.
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Reference to a book:

3. Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

4. Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281¢304.

Reference to a website:

5. Cancer Research UK. Cancer statistics reports for the

UK, http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/;

2003 [accessed 13 March 2003].

Reference to a dataset:

[dataset] 6. Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese
oak wilt disease and surrounding forest compositions, Mendeley Data, v1;

2015. https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51¢9, and that for more than 6
authors the first 6 should be listed followed by 'et al.' For further details you are
referred to 'Uniform Requirements for Manuscripts submitted to Biomedical

Journals' (J Am Med Assoc 1997;277:927¢34)(see also Samples of Formatted

References).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word

Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to

the video file's content. In order to ensure that your video or animation material is
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directly usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files
supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For

more detailed instructions please visit our video instruction pages. Note: since video

and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the

article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to
provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the 'Track Changes' option in Microsoft Office files as these will

appear in the published version.

RESEARCH DATA

This journal encourages you to share data that supports your research publication in
an appropriate data repository, and enables you to interlink the data with your
published articles. If you are sharing data, you are encouraged to cite the data in
your manuscript and reference list. Please refer to the "References" section for more

information about data citation.

Research data refers to the results of observations or experimentation that validate
research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols,

methods and other useful materials related to the project.
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For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.

RESEARCH DATA

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,

algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References"
section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials,

visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to

underlying data that give them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you
can directly link your dataset to your article by providing the relevant information in

the submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next

to your published article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR:

AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
Before submitting your article, you can deposit the relevant datasets to Mendeley
Data. Please include the DOI of the deposited dataset(s) in your main manuscript file.
The datasets will be listed and directly accessible to readers next to your published

article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in
your submission. This may be a requirement of your funding body or institution. If
your data is unavailable to access or unsuitable to post, you will have the
opportunity to indicate why during the submission process, for example by stating
that the research data is confidential. The statement will appear with your published

article on ScienceDirect. For more information, visit the Data Statement page.
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ANNEX 1

Literature Review Summary Table

Utility of Individualised FeNO in Diagnosing Asthma in Primary Care Settings

Author(s) & Year

Study Focus / Type

Key Findings Related to FeNO & Diagnosis

Relevance to Individualised FeNO in Primary Care

General Consensus /
Multiple Refs (e.g.,
Taylor 2006; Jacinto et
al. 2018; Karrasch et al.
2017)

Reviews & Foundational

Studies on FeNO

FeNO is a validated, non-invasive biomarker of
eosinophilic airway inflammation. It shows moderate-to-
good diagnostic accuracy for asthma, especially certain
phenotypes (e.g., allergic/eosinophilic). Accuracy varies

with cut-offs and patient populations.

Establishes FeNO as a potentially useful tool for
asthma diagnosis, which could be valuable in

primary care if interpreted correctly.

ATS (2023) / Dweik et
al. (2011)

Guideline Development

Recommended standardised methods for FeNO
measurement and provided interpretation guidelines
based on fixed absolute cut-off values (e.g., <25 ppb low,
>50 ppb high likelihood of eosinophilic

inflammation/steroid response).

Provides the basis for the commonly used 'fixed cut-
off' approach. Highlights a standard practice against

which individualised approaches can be compared.

Bjermer et al. (2014);
Matsunaga et al. (2021)

& others

Research / Reviews on

FeNO Interpretation

Explicitly identified limitations of fixed FeNO cut-offs,
noting significant influence from individual factors (age,
sex, height, atopy, smoking). Proposed using
individualised reference equations or predicted values

for more accurate interpretation.

Directly advocates for moving beyond fixed cut-offs
to individualised values, suggesting this approach

could improve diagnostic accuracy by accounting for
patient-specific variations, which is crucial in diverse

primary care populations.
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Karrasch et al. (2017)

Systematic Review &
Meta-analysis (Diagnostic

Accuracy)

Confirmed FeNO diagnostic value but emphasised
heterogeneity in accuracy across studies. Performance is
impacted by factors like smoking, steroid use, sex,

height, age, and chosen cut-off.

Underscores how FeNO is interpreted (i.e., the cut-
off strategy) significantly impacts its diagnostic
utility. This support investigating potentially
superior interpretation strategies like
individualization, especially for heterogeneous

primary care groups.

Baranski & Schliinssen
(2022); H. Sharpe
(2020)

Studies/Commentary on

Primary Care Diagnosis

Highlighted diagnostic challenges in primary care
(resource scarcity, lack of specialised tests like
spirometry/FeNO). Asthma diagnosis often relies heavily

on symptoms, leading to potential misdiagnosis.

Emphasises the need for accessible and accurate
diagnostic aids in primary care. If individualised

FeNO proves more accurate than fixed cut-offs, it

could be a more effective tool to overcome some of

these diagnostic hurdles in the PCC setting.
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