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Scientific  Letter

FeNO Stability in Repeated Measurements in
Asthma Patients During Three Consecutive Days

Estabilidad del FeNO en medidas repetidas durante tres días
consecutivos en pacientes asmáticos

Dear Editor,

The measurement of fractional exhaled nitric oxide (FeNO) has
gained widespread use in asthma clinical practice as an indicator of
Type-2 airway inflammation.1,2 It is also utilized in epidemiolog-
ical studies on environmental pollution and respiratory health,3–7

such as the ASTHMA-FENOP study, which examines the oxidative
potential of particulate matter (PM) from air pollution and its asso-
ciation with airway inflammation.8 However, determining FeNO
levels presents difficulties and limitations and different variables
prior to the FeNO test have been associated with intrasubject varia-
tions in FeNO levels.9,10 On the other hand, epidemiological studies
take into account lag time between airborne exposure and the out-
come, with a variety of lag periods usually ranging from lag 0 to
lag 3.11,12 In our ASTHMA-FENOP study,8 each volunteer was pro-
vided with a personal sampler to measure the oxidative potential of
their inhaled PM upon arrival on the first day (visit 1), after signing
the informed consent. Since FeNO is a noninvasive determination,
for the first 41 asthmatic patients we protocoled three repeated
FeNO measurements over three consecutive days, with the first
FeNO measurement after 24 h of wearing the personal sampler, at
Visit 2 (lag 0); and the rest every 24 h thereafter (lag 1, Visit 3; lag 2,
Visit 4). As a specific objective, we aimed to determine the stability
of FeNO levels in this group of asthmatic adults (25 women and 16
men) over these three consecutive days.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the Clinical Research Ethics Com-
mittee of Cantabria (CEIC) (internal code 2020.475), and the ethics
committee of the University of Cantabria (CEPI) (internal code:
16.2021). All personal data were anonymized.

The overall mean age was 53.07 ± 17.6 years in a range between
18 and 80 years. Patients were in stable condition, since the absence
of exacerbations in the 4 weeks prior to recruitment was an inclu-
sion criterion. The mean score in Asthma Control Test (ACT) was
22.12 ± 3.86 points with 81% having their asthma controlled (≥20
points). Adherence to inhaled maintenance therapy according to
Test of Adherence to Inhalers (TAI 10 items) was good in the major-
ity of patients (76%). Most of the sample (57%) was in GINA stage 4
(medium dose maintenance of ICS-LABAs) and 19% were on GEMA
stage 6 (with biologic treatment).

All single-breath, online measurements of FeNO were carried

out using the same device (FeNO NIOX VERO® FeNO meter) and
by the same person (JA) in the Pneumology Service of Hospi-
tal Universitario Marqués de Valdecilla (HUMV), according to the
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tandardized procedures recommended by the American Thoracic
ociety, the European and the Spanish Respiratory Societies; and
nsured that spirometry, physical exercise and the ingestion of cer-
ain foods or beverages were not allowed 1 hour prior to each of
he determinations.9,10 FeNO mean levels at visit 2, 3 and 4 were
8.51 ± 26.30, 38.07 ± 28.0 and 38.76 ± 26.33 parts per billion (ppb)
espectively. 76.2% of volunteers had FeNO levels ≥ 20 ppb in at
east one of their three consecutive FeNO determinations.

The results of the three determinations of FeNO levels were
ompared by studying their correlations and by using a repeated
easures ANOVA, once the assumptions of sphericity (Mauchly’s

est of sphericity) was verified: X2(2) = 3.093, p = 0.213. The cor-
elations between the three determinations were very high, with
ho Spearman’s coefficients > 0.95. The repeated measures ANOVA
esults also support that FeNO levels were not affected by the day
n which the determination was  made, suggesting a high stability:
(2.0; 80) = 0.205, p = 0.815; Partial Eta squared = 0.005 interpreted
s <0.5% of the variability of the FeNO levels was  due to the day it
as  made, with >99.5% of the results being similar. When com-
aring specifically pairs of days (day 1 with days 2 and 3; day

 with days 1 and 3; day 3 with days 1 and 2) the results were
ven more similar (p = 1.00 in all comparisons) with mean differ-
nces ranging from 0.244 ppb to 0.683 ppb (Table 1). Therefore,
he mean differences for each pair of days comparison were less
han 1 ppb, without translational clinical implications. FeNO lev-
ls were similarly stable in the 8 asthmatic patients on biological
reatment, and when we  excluded these patients in a sensitivity
nalysis, results did not change either. Our results are supported
y a recently published post hoc analysis from two  studies in
hich FeNO levels (determined at weeks 2, 12 and 52) stayed sta-

le throughout the 52 week study period for both children aged
–11 years (VOYAGE study, n = 135) and adolescents ≥12 years and
dult patients (QUEST study, n = 638), regardless of exacerbation
vents.13

What lag time to choose between exposure and the outcome
s an interesting question in epidemiological studies, so prior to
onducting our study, we  reviewed the main systematic reviews
nd meta-analysis of time series studies on airborne exposure and
sthma emergency room visits or hospital admissions12,14 as well
s primary studies with personal samplers focusing on asthma with
eNO as outcome.6 No specific lag time clearly stands out, making
t unclear whether today’s high PM exposure causes emergency
epartment visits or hospital admissions in asthmatic patients on
he same day, the next day, or two or more days after high PM expo-
ures. With regard to FeNO levels, despite our limited sample size,
ur results indicate a high stability, so we decided to simplify the
rotocol to a single FeNO determination (lag 1) for the remaining

olunteers in our study.

As a conclusion, FENO levels were very stable, supporting that
heir repetition would not be necessary, at least within the same
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Table  1
FeNO mean differences for each of the three consecutive days.

FeNO Comparison Mean difference 95% CI p value*

Day 1 (mean = 38.51 ppb) Day 1–Day 2 0.44 −1.88 2.76 1.00
Day  1–Day 3 −0.24 −3.01 2.53 1.00

Day  2 (mean = 38.07 ppb) Day 2–Day 1 −0.44 −2.76 1.88 1.00
Day  2–Day 3 −0.68 −3.65 2.28 1.00

Day  3 (mean = 38.76 ppb) Day 3–Day 1 0.24 −2.53 3.01 1.00
0.68
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* p value with Bonferroni adjustment for the various comparisons.

week, neither in clinical practice nor in epidemiological studies
such as our ASTHMA-FENOP study. Further studies with a large
sample size must corroborate our results.
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http://www.ginasthma.org/
http://www.gemasma.com/
dx.doi.org/10.1097/EDE.0b013e3181f20e6c
dx.doi.org/10.1136/oemed-2014-102303
dx.doi.org/10.1016/j.envres.2016.06.019
dx.doi.org/10.1289/ehp.9141
dx.doi.org/10.1038/jes.2013.25
dx.doi.org/10.1016/j.opresp.2023.100246
dx.doi.org/10.1164/rccm.9120-11ST
https://issuu.com/separ/docs/manual_31
dx.doi.org/10.1186/1476-069X-11-75
dx.doi.org/10.1007/s11356-015-5321-x
dx.doi.org/10.1016/j.chest.2024.09.048
dx.doi.org/10.1371/journal.pone.0138146
mailto:santibanezm@unican.es

	FeNO Stability in Repeated Measurements in Asthma Patients During Three Consecutive Days
	Funding
	Authors’ contributions
	Conflicts of interest
	Acknowledgments

	References

