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Rationale: Small airway dysfunction (SAD) is a frequent feature of asthma that has been
linked to disease severity and poor symptom control. However, little is known about the role
of SAD in nocturnal asthma.

Objective: To study the association between the severity of SAD and frequency of
nocturnal symptoms compared to conventional lung function testing.

Methods: We assessed the frequency of self-reported nocturnal symptoms through the
asthma control test. We studied the impact of nocturnal asthma using the Asthma Quality
of Life Questionnaire (AQLQ) and the Multidimensional Fatigue Inventory (MFI-20). We
assessed the lung function using spirometry, body plethysmography, impulse oscillometry,
single and multiple inert gas washout and measured markers of T2-inflammation (blood and
sputum eosinophils; fractional exhaled nitric oxide (FeNo)). We stratified the patients
according to the presence and frequency of nocturnal asthma.

Results: A total of 166 asthma patients were enrolled in the analysis. Eighty-seven patients
(52%) reported to have nocturnal symptoms at least once in the last four weeks. The odds
ratio of nocturnal asthma correlated with the severity of all non-spirometric measures of
SAD, yet neither with airflow obstruction (FEV1 and FEV/FVC) nor with large airway
resistance (R20). Patients with frequent nocturnal asthma (n = 29) had a numerical increase
of T2 markers and more severe SAD, as indicated by all non-spirometric measures of SAD
(all p-values < 0.05), worse overall asthma control, increased fatigue and reduced quality of
life (all p-values < 0.01) compared to patients with infrequent nocturnal asthma (n = 58) or
patients without nocturnal asthma (n = 79). We identified 63 patients without airflow
obstruction, nearly 43% of them (n = 27) had nocturnal asthma. In this subgroup, only
markers of air trapping and ventilation heterogeneity were significantly elevated and corre-
lated with the frequency of nocturnal symptoms: LCI (Spearman’s coefficient = —0.42, p <
0.001), RV% (—0.32, p = 0.02).

Conclusion: SAD is closely associated to asthma with nocturnal symptoms. Spirometry
might underestimate the broad spectrum of distal lung function impairments in this popula-
tion of patients.

Keywords: small airway dysfunction, nocturnal asthma, ventilation heterogeneity, air

trapping

Background

Asthma is a heterogeneous airway disease that is characterized by variable clinical
presentation.! Nocturnal asthma, defined as nighttime worsening of asthma symp-
toms and lung function, is a common disease presentation that affects nearly two
thirds of the patients.>> Nocturnal asthma is an important indicator of poor symp-
tom control and is associated with impaired quality of life and higher rates of

Received: 30 March 2021
Accepted: 19 June 2021
Published: 13 July 2021

Journal of Asthma and Allergy 2021:14 897-905 897
© 2021 Abdo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-3300-1398
http://orcid.org/0000-0001-5877-877X
mailto:m.abdo@lungenclinic.de
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Abdo et al

Dove

asthma morbidity and mortality.* Previous studies have
demonstrated several potential mechanisms that contribute
to the nocturnal worsening of asthma. This includes an
exaggerated circadian variation in the lung function,’ indi-

% and an

cated by a decline in the expiratory airflow
increase in small airway resistance’ which might be trig-
gered by an augmented eosinophil inflammation of the
small airways at nighttime.® Collectively, these findings
point towards an overnight increase in small airway
inflammation and small airway resistance as the potential
determinant of small airway dysfunction (SAD) in noctur-
nal asthma. SAD is a highly prevalent feature of asthma
that has been frequently linked to disease severity and
physical inactivity.”' Accordingly, it is reasonable to
hypothesize that the assessment of small airway function
might be a suitable approach to identify, monitor or even
guide treatment in asthma patients with nocturnal symp-
toms. However, data that correlate measures of small air-
way function, performed at daytime as a part of the routine
clinical practice, with the presence and frequency of noc-
turnal symptoms are limited. Furthermore, while the rou-
tine assessment of lung function in asthma relies mostly on
spirometry only, little is known about the feasibility of
small airway function measures in the diagnosis of symp-
tomatic asthma patients with nocturnal asthma, who have
normal spirometry.

In this context, we studied the association of broad
spectrum small airway function measures with the pre-
sence and frequency of nocturnal symptoms compared to
conventional spirometry.

Methods

Study Design

Eligible subjects were adults with asthma who were
recruited to the multicenter prospective longitudinal All
Age Asthma Cohort (ALLIANCE), a cohort of pediatric
and adult patients with asthma in Germany, initiated by the
German Centre for Lung Research (DZL). The study was
approved according to the Declaration of Helsinki by
a local ethics committee at the medical school Luebeck
(Az.21-215) and is registered at clinicaltrials.gov (adult
arm: NCT02419274). All
informed consent prior to enrollment. Detailed information

subjects provided written

regarding the ALLIANCE recruitment, inclusion and
exclusion criteria was described previously.!' This study
is a cross-sectional analysis of a cohort of patients who
attended the second study visit at one study site, the

LungenClinic Grosshansdorf, where the required broad
lung function assessment is available. All 166 asthma
patients who attended the study visit were included.
Regular study visits take place when patients have rather
a stable phase of their disease in the absence of acute
exacerbation or respiratory tract infection within four
weeks prior to the study visit.

To evaluate night symptoms, we used the third ques-
tion from the Asthma Control Test (ACT) which has been
validated to evaluate asthma control in adults.'? Patients
were asked how often their asthma symptoms did wake
them up in the night in the last four weeks, or whether they
got up unusually early in the morning. Accordingly,
patients were classified into three groups: the first group
included patients who did not experience night symptoms
in the last four weeks. The second group exhibited infre-
quent nocturnal asthma, and included patients who had
nighttime symptoms only one to two times per month.
The last group was defined as frequent nocturnal asthma
and included patients who had night symptoms at least
once per week. To study the impact of nocturnal asthma
we applied the Asthma Quality of Life Questionnaire
(AQLQ)" and the Multidimensional Fatigue Inventory
(MFI-20)."

Lung Physiology Characteristics

We performed body plethysmography, impulse oscillome-
try (IOS), single and multiple breath washout (SBW,
MBW), followed by forced spirometry in accordance
with current ERS recommendations.'>™'® All lung function
measures were performed in the morning and patients had
their controller medications as usual. We studied airflow
obstruction using predicted values of FEV1 and its ratio to
the forced vital capacity (FVC). Reference equations for
lung volumes and forced flows were as provided by the
European Community for Coal and Steel.'” Airflow
obstruction was defined as FEV1/FVC below the lower
limit of normal (LLN).?° Measures of small airway func-
tion were: mean forced expiratory flow at 50% and
between 25% and 75% of the forced vital capacity
(FEF50%, FEF25-75%) from spirometry, residual lung
volume (RV%) and its ratio to total lung capacity (RV/
TLC) and the specific effective airway resistance (sReff%)
from body plethysmography, small airway resistance
(R5Hz-20Hz, kPa/L/s)) and lung reactance at 5 Hz (XHz,
kPa/L/s) from I0S. Additionally, we included markers of
ventilation heterogeneity; the Phase III slope (delta N,/1)
derived from N, SBW and the lung clearance index (LCI)
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measured by MBW test. We correlated the severity of lung  Table I Patients® Clinical Characteristics
function impairments, by using percentile cutoffs of lung n 166
function measures, with the incidence of nocturnal
" Age, years 52 (45-64)
Symptoms. Sex, % male 56
) ) BMI, kg/m> 26.8 (23.9-30.0)
Type-2 Markers of Airway Inflammation Current smokers, % 9
We measured eosinophils in induced sputum as previously Smoking history *, % 22
described,”'** fractional exhaled nitric oxide (FeNO),> Maintenance ICS use,% 89
. . Maintenance ICS use combined with LABA, % 8l
and blood eosinophils.
ICS dose, pg 500 (250-1000)
.. I A I . LAMA use,% 22
StatIStlca na ySIS Maintenance OCS use,% 22
We studied the odds of having nocturnal asthma in corre- Biological therapy, % 6
lation to lung function measures using the Fisher’s exact Blood eosinophils /uL 230 (130-380)
test. To determine the statistical significance of differences | SPutum eosinophils, % 1.7 (04-5.9)
in clinical characteristics, lung function measures and bio- :::\'jr ;Pb Zj 22_32
mar.kers between the study.groups we used the analysis of FEVI/FVC, % 65 (56-72)
variance (ANOVA) test, Fisher's exact test, Kruskal rank | pgeso o 48 (29-71)
test and for the post hoc analysis the Tukey’s test or FEF25-75, % 47 (27-66)
Dunn’s test. Spearman’s rank correlation was used to test R20, kPa/L/s 34 (29-42)
for statistical dependence between two variables. We also | R5-20. kPa/l/s 0.11(0.06-0.19)
performed a principle component analysis (PCA) in order :5':/1 kPall/s 70.|I248((7|0|.||0|;0l.)2|)
to observe correlations betwe.en dlfferent. lung function RVITLC, % 41 (35-48)
measures and the symptomatic presentation of asthma, sReff, % 107 (83-169)
including nighttime symptoms, based on the five compo- LClI 6.7 (5.9-7.60)
nents of the ACT score. N, Delta/l 2.1 (1.5-34)

Statistical analyses were performed using R (version
3.6.2; R Foundation, Vienna, Austria). An alpha error of
less than 5% was considered statistically significant.

Results

Detailed clinical and lung physiology characteristics of the
166 asthma patients are given in Table 1. More than half of
the patients (n = 87; 52%) reported to have nocturnal
symptoms in the previous four weeks. The association of
the severity of lung function impairment, ie airflow
obstruction, increased small airway resistance, air trapping
and ventilation heterogeneity, with the odds of having
nocturnal asthma is presented in Figure 1 and in the

Online Supplementary. We found that the odds of having

nocturnal symptoms did not increase with the increase in
airflow obstruction as indicated by FEV1 and FEV1/FVC.
Even in patients with the most severe airflow obstruction
and values below the 10th percentiles, ie FEV1 < 51% and
FEVI1/FVC < 47%, no statistically significant increase in
the odds of nocturnal symptoms could be observed
(Figure 1A). Likewise, the increase of large airways resis-
tance (R20) did not increase the odds of nocturnal asthma
(Figure 1A). We also found no significant correlation

Note: Values are presented in percentage or median and IQR.

Abbreviations: BMI, body mass index; ICS, inhaled corticosteroids; LABA, long-
acting beta-2-agonists; LAMA, long-acting muscarinic receptor antagonists; ICS
dose, fluticasone equivalent; OCS, oral corticosteroids; FeNO, fractional exhaled
nitric oxide; FEVI, forced expiratory volume in first second; FVC, forced vital
capacity; FEF50% and FEF25-75, mean forced expiratory flow at 50% and between
25% and 75% of the forced vital capacity; R20, proximal airway resistance at 20 Hz;
R5-20, small airway resistance (total lung resistance — large airway resistance); X5,
lung reactance at 5 Hz; RV, residual volume; TLC, total lung capacity; sReff, specific
effective airway resistance; LCI, lung clearance index from multiple breath washout,
delta; N2, the slope of phase lll nitrogen single-breath washout. Smoking history 2
10 pack years.

between spirometric measures of distal airways function
(FEF50%, FEF25-75%) and the odds for nocturnal asthma
except for patients with mid-expiratory flow obstruction
who had FEF25-75 values below the 75th percentile, as
these patients showed nearly a three-fold increase in the
odds of nocturnal asthma (Figure 1B). By contrast, more
severe SAD, indicated by all non-spirometric measures of
small airway function was associated with higher odds of
nocturnal asthma. This applied to the increase in small
airway resistance (R5-20, sReff), increased air trapping
(RV/TLC), decreased lung elasticity (X5Hz) and increased
ventilation heterogeneity (delta N, and LCI), as we

observed higher odds of nocturnal asthma at cutoff values
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'
'
FEV1<51%- FEF50 < 28% L .
'
FEVA/FVC < 70% | :
. : FEF50<15%1 — .
FEVA/FVC < 64% | B '
!
FEVA/FVC < 56% | :
FEF 25-75 < 66% 1 ! -
'
FEVAFVC < 47% '
R20 > 0.29 kPallls | FEF25-75<47%{ ——8——
R20>034kPalls{ —4————— :
, FEF25-75<26%{ —f—#——
R20 > 0.42 kPalls | . :
H H
2 - 6 2 4
Odds Ratio Odds Ratio
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|
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1
X5Hz <-021kPalUs{ 1 -
1
RVTLC > 41%1{ ! .
RVITLC>48% | *
1
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H
sReff>169% ! .
LCI>6707 *
1
LCI>7,609 1 -
1
DeftaN2>21{ ! .
DeltaN2>341 | *
H
2 4
Odds Ratio

Figure | Odds ratio of nocturnal symptoms based on the severity of lung function impairment: Odds of having nocturnal asthma in regard to severity of central airflow
obstruction (A), spirometric measures of small airway function (B) and non-spirometric measures of small airway function (C). OR with lower and upper borders of 95% Cl
of each measure are outlined in the Online Supplementary. Cutoff values of FEVI and FEV/FVC were determined at lower limit of normal, the 50th, 25th, and [0th
percentiles. For FEF25-75 and FEF50 cutoff values were 75th, 50th, and 10th percentiles, where the |0th percentile indicates more severe large and mid-expiratory airflow
obstruction. Cutoff values for R5-20, X5Hz, RV/TLC, sReff, delta N2 and LCI were at the 50th and 75th percentiles, where the 75th percentile indicates more severe SAD.
Abbreviations: FEV|, forced expiratory volume in first second; FVC, forced vital capacity; FEF50% and FEF25-75, mean forced expiratory flow at 50% and between 25%
and 75% of the forced vital capacity; R20, proximal airway resistance at 20 Hz; R5-20, small airway resistance (total lung resistance — large airway resistance); X5, lung
reactance at 5 Hz; RV, residual volume; TLC, total lung capacity; sReff, specific effective airway resistance; LCl, lung clearance index from multiple breath washout, delta; N2,

the slope of phase Ill nitrogen single-breath washout.

at the 75th percentile, compared to lower cutoff values at
the 50th percentile of each of these lung function mea-
sures, Figure 1C.

Further, two thirds of patients with nocturnal
asthma had infrequent nocturnal symptoms (n = 58)
with a remaining 29 patients who reported to have
frequent nocturnal symptoms. Between these groups
of patients, we observed no significant differences
with respect to age, sex, BMI or smoking habits
(Table 2). Furthermore, we found that both frequent
and infrequent nocturnal asthma patients had higher
doses of inhaled corticosteroids and a higher propor-
tion of patients with regular oral corticosteroids intake,
compared to patients without nocturnal asthma. We
also found a numerical increase of Type-2 inflamma-
tion markers (ie blood and sputum eosinophils, FeNO)
in patients with frequent nocturnal asthma, yet without
statistical significance (Table 2).

While measures of large airway obstruction (FEVI,
FEV1/FVC and R20) were similar across these groups,
all non-spirometric measures of small airway function
indicated more severe small airway dysfunction in patients
with frequent nocturnal asthma compared to patients with
infrequent nocturnal asthma or patients without nocturnal
(Table 2). Accordingly, patients with frequent nocturnal
asthma also had poor overall asthma control, increased
fatigue, and subsequently, reduced quality of life (Table 2).

Moreover, we identified 63 patients (mean age, 52 + 14
years; 59% male; mean BMI, 27.1 £4.7 kg/rnz) who had
no airflow obstruction (FEV1/FVC > LLN). Despite this,
nearly 43% of them (n = 27) had nocturnal asthma and
37% even had frequent nocturnal asthma (n =10). In this
subgroup of patients without airflow obstruction, patients
with nocturnal asthma showed no significant differences
from patients without nocturnal asthma with regard to
confounders: age (51.6+ 13 vs 53.8 *14, years), BMI
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Table 2 Clinical and Lung Physiology Characteristics of Asthma Patients According to the Frequency of Nocturnal Symptoms

Parameter No NA (n=179) Infrequent NA (n = 58) Frequent NA (n = 29) P-value
Age, years 51 (43-63) 54 (46-63) 58 (49-67) 0.32
Sex, % male 51 55 72 0.12
BMI (kg/m2) 25.9 (23.8-28.9) 27.8 (24.2-30.9) 26.3 (24.4-29.0) 0.18
Current smokers,% 5 3 10 1.0
Smoking history*, % 22 22 27 0.71
Maintenance ICS use, % 88 90 90 0.34
ICS dose, pg 400 (250-775) 750 (287-1000) 600 (500-1000) 0.004
Maintenance ICS/LABA, % 77 84 88 0.48
LAMA use, % 16 27 24 0.28
Maintenance OCS use, % 16 27 38 0.063
Biological therapy; % 5 8 6 0.71
FeNO, ppb 23 (14-33) 22 (15-31) 29 (17-67) 0.22
Blood eosinophils, /uL 210 (130-365) 220 (120-295) 320 (200-450) 0.14
Sputum eosinophil count % 1.5 (0.5-5.1) 0.9 (0.44.2) 4.0 (1.3-9.0) 0.24
FEV,, % 85 (73-104) 81 (64-92) 81 (65-91) 0.071
FEV,/FVC 65 (58-72) 63 (53-73) 2 (52-70) 0.32
RaoHz KPa/lls 34 (29-42) 34 (2941) 9 (30-46) 0.35
FEF»s5.75.% 53 (30-76) 46 (24-61) | (27-56) 0.12
FEFso, % 53 (34-76) 48 (24-69) | (23-56) 0.15
RVITLC, % 39 (33-45) 42 (3649) 3 (38-58) 0.016
RV, % 120 (109-144) 128 (115-152) 132 (I22—I58) 0.072
sReff% 100 (79-139) 128 (115-152) 135 (97-211) 0.002
Rsp, KPa/l/s 0.46 (0.35-0.52) 0.45 (0.36-0.62) 0.55 (0.41-0.69) 0.03
Rs.20mz KPa/lls 0.09 (0.06-0.14) 0.13 (0.06-0.22) 0.16 (0.09-0.24) 0.009
Xspz kPa/L —0.12 (-0.16, —0.1) —0.16 (—0.25, —0.10) —0.20 (-0.30, —0.13) 0.004
N2 Delta /I 2.0 (1.4 -2.9) 2.5 (1.57-3.87) 2.9 (1.64.9) 0.03
LCI 6.4 (5.6 —6.8) 6.9 (6.1-8.0) 7.3 (6.4-8.2) <0.001
ACT score 22 (19-24) 17 (13-20) 13 (9-16) <0.001
AQLQ mean score 5.9 (5.2-6.5) 4.7 (4.0-5.6) 3.7 (294.7) <0.001
MFI-20 39 (29-50) 43 (35-58) 54 (48-64) <0.001

Note: Values are presented in percentage or median and IQR.
Abbreviations: NA, nocturnal asthma; BMI, body mass index; ICS, inhaled corticosteroids; LABA, long-acting beta-2-agonists; LAMA, long-acting muscarinic receptor
antagonists; ICS dose, fluticasone equivalent; OCS, oral corticosteroids; FeNO, fractional exhaled nitric oxide; FEV |, forced expiratory volume in first second; FVC, forced
vital capacity; FEF50% and FEF25-75, mean forced expiratory flow at 50% and between 25% and 75% of the forced vital capacity; R20, proximal airway resistance at 20 Hz;
R5-20, small airway resistance (total lung resistance — large airway resistance); X5, lung reactance at 5 Hz; RV, residual volume; TLC, total lung capacity; sReff, specific
effective airway resistance; LCl, lung clearance index from multiple breath washout; delta N2, the slope of phase Il nitrogen single-breath washout; ACT, asthma control test;
AQLQ, asthma quality of life questionnaire; MFI-20, multidimensional fatigue inventory, smoking history with 2 10 pack years.

(27.3+4.8 vs 27.0 +£4.7, kg/m?), or markers of T2-
inflammation: sputum eosinophils (4.9+12 vs 5.0+10, %),
blood eosinophils (260+200 vs 250160, /uL), FeNO (38
+41 vs 24418, ppb), (all p-values >0.05). We also found
that spirometric measures of distal airway obstruction
were not significantly different between these both groups:
FEF5.75 (71£21 vs 80425, %), FEF50 (83421 vs 80+25,
%), (both p-values >0.05). Interestingly, although all non-
spirometric measures of small lung function were elevated
in patients with nocturnal asthma: small airway resistance;
R5-20 (0.09+0.10 vs 0.08 +0.07, kPa/L/s), sReff (100+68
vs 85£27, %), lung reactance; X5Hz (—0.15+0.12 vs —0.13
+0.05, kPa/L/s); and N2 single breath washout (2.40+1.46

vs 1.94+0.86, delta/l), (all p-values >0.05), only measures
of LCI and RV reached a statistical significance, LCI (6.7
+0.9 vs 5.9+0.6, p < 0.01), RV% (122+19 vs 111+£19,
p = 0.02), and appeared to be sensitive markers of noctur-
nal asthma in patients without airflow obstruction,
Figure 2. Also in these patients without airflow obstruc-
tion, the frequency of nocturnal symptoms, defined by
ACT score for nocturnal symptoms, correlated with LCI
-0.42, p < 0.001) and RV%
(-0.32, p = 0.011). A principle component analysis

(Spearman’s coefficient =

(Table 3), that included different lung function measures
and the detailed scores for each component of the ACT
score, showed that the largest variance between patients
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No nocturnal asthma

. . ® Nocturnal asthma

100-

LCl

Figure 2 The correlation of nocturnal asthma with air trapping and ventilation
heterogeneity in patients without airflow obstruction: A biplot demonstrates
a trend of increased air trapping and ventilation heterogeneity in patients with
nocturnal asthma, who did not have airflow obstruction based on spirometry.
Abbreviations: LCl, lung clearance index; RV, residual volume.

without airflow obstruction is mainly attributable to LCI,
RV% and the ACT score component of nocturnal symp-
toms (Table 3). However, the variances of the five ACT
score components were comparable, indicating that SAD
is related to different symptomatic presentations of asthma
and is not specific for nocturnal symptoms.

Discussion

Our data suggest that nocturnal asthma is closely asso-
ciated with small airway dysfunction rather than with air-
flow obstruction. In fact, it appears that small airway
dysfunction might contribute to nocturnal asthma indepen-
dent from the presence of airflow obstruction. Therefore,

Table 3 Principle Component Analysis

Variable PCI Variances PC2 Variances
LCI —-0.32 -0.39
RV% -0.27 —0.47
sReff% —0.26 —0.56
FEV1% 0.15 0.15
ACT-question | 0.37 —0.36
ACT-question 2 0.38 -0.17
ACT-question 3 0.40 —0.12
ACT-question 4 0.37 —-0.16
ACT-question 5 0.39 -0.29
Proportion of variance 0.47 -0.17
Cumulative Proportion 0.47 —0.64

Note: The table demonstrates the first two principle components only.
Abbreviations: LCl, lung clearance index from multiple breath washout; RV,
residual volume; sReff, specific effective airway resistance; FEV1, forced expiratory
volume in first second; PCI, first principle components that demonstrates the
highest variance among all components. PC2: principle component 2.

we propose that the assessment of lung function in asthma
should no longer be limited to spirometry alone.

Our data also emphasize that nocturnal asthma is
a common disease manifestation that is associated with
increased fatigue and has a negative impact on patients’
quality of life.

Our study demonstrates a close association between the
frequency of nocturnal asthma and the severity of a broad
spectrum of distal lung function impairment; such as
increased small airway resistance, air trapping, decreased
lung elasticity, and ventilation heterogeneity. It is also
noteworthy that standard measures of airflow obstruction
were comparable between patients with and without noc-
turnal symptoms. Nocturnal asthma according to our data
might therefore be present in patients with the normal
conventional pulmonary function test, ie spirometry, as in
this subgroup of patients, increased air trapping and venti-
lation heterogeneity also correlated with the presence and
frequency of nocturnal symptoms. The relationship
between lung function and nocturnal asthma has been
studied previously, particularly in relation to circadian
rhythms of lung physiology.”* In a pilot study, Rabe and
colleagues demonstrated circadian variations in airway

responsiveness and airway tone.”’

Accordingly, it has
been suggested that the nocturnal worsening of asthma
symptoms results from an exaggerated nighttime decline
of the pulmonary expiratory volume or the expiratory
flow.”*?” Likewise, Kraft and colleagues found that per-
ipheral airway resistance, measured by wedged broncho-
scopy at nighttime, was increased in patients with
nocturnal asthma compared to patients without nocturnal
asthma.” However, data demonstrating the relationship
between a broad spectrum of lung function tests that
might be performed at daytime as part of routine clinical
practice, and nocturnal asthma are limited. In our study,
the diagnosis of airflow obstruction alone did not appear to
be sufficient in identifying patients with nighttime symp-
toms or to be the only factor that explains the mechanism
by which nocturnal asthma emerges. Here, we show that
non-spirometric measures of small airway function are
feasible and reproducible tools in identifying patients
with increased risk of nocturnal asthma, as they appeared
to be more sensitive compared to the conventional spiro-
metry. Additionally, we also demonstrated that the odds of
nocturnal asthma increase as the severity of small airway
dysfunction increases. Interestingly, we found that nearly
half of the patients, who did not have airflow obstruction,
had nocturnal asthma, and some of them had even frequent
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night symptoms, which emphasizes the need to involve
measures of small airway function in the diagnosis and
treatment of symptomatic asthma patients. Moreover, in
this subgroup of patients without airflow obstruction, mea-
sures of LCI and RV showed the strongest correlation with
nocturnal asthma amongst all measures of SAD. While the
reason behind this is not fully clear, this might be reflect-
ing that SAD is rather a spectrum of diverse lung function
impairments that correlate differently with the various
clinical manifestations of asthma.'® An alternative expla-
nation is that the LCI is a universal measure of SAD that
indicates the subsequent ventilation heterogeneity caused
by multiple lung function impairments, particularly, air
trapping.'°

Mechanistically, the nighttime enhancement of inflam-
mation in the airway has been incriminated in the noctur-
nal worsening of asthma symptoms and lung function.*®>°
In a previous study, Kraft and colleagues performed lung
biopsies and bronchoalveolar lavage in patients with noc-
turnal asthma and described an augmented eosinophilic
influx in the distal airways compared to proximal airways
that were also increased at nighttime compared to
daytime.® In line with these findings, newly-diagnosed
steroid-naive patients with nocturnal asthma were found
to have higher levels of alveolar nitric oxide than patients
without nocturnal asthma.*' Our data show that blood or
sputum eosinophils and FeNO measures had a tendency to
be elevated in patients with frequent nocturnal asthma,
however without reaching statistical significance in our
analysis. The role of T2-inflammation in nocturnal asthma
might have been underestimated in our study, as patients
with frequent nocturnal symptoms also had intensified
treatment with oral corticosteroids as well as higher
doses of inhaled corticosteroids. Nevertheless, there is
accumulating evidence about the role of T2-inflammation

in small airway dysfunction®**

and the previously
described nighttime augmentation of airway inflammation
is of particular interest, as it leads to the notion that
patients with nocturnal asthma might specifically benefit
from therapies targeting T2-inflammation and the small
airways. For instance, treatments such as the inhaled extra-
fine-particle corticosteroid or anti-T2 biological therapies
were proposed to improve symptom control and small
airway dysfunction in asthma patients.>* ¢

Our study has limitations. First, we did not objectify the
nighttime symptoms. However, a questionnaire-based assess-
ment of night symptoms in asthma has been used and validated

3,31

in previous studies. Second, this is an observational

analysis of cross-sectional data. Further interventional studies
aiming to improve SAD and associated nocturnal symptoms
are warranted to validate our findings. Nevertheless, to the best
of our knowledge, this is the first study that found clinically
relevant associations of a broad spectrum of distal lung func-
tion abnormalities with nocturnal symptoms in asthma.

In summary, nocturnal asthma is still a highly prevalent
disease manifestation that adversely affects patients’ quality of
life. The diagnosis of SAD has clinical relevance in patients
with night symptoms, while spirometry should no longer be
the solely used lung function test to diagnose and guide treat-
ment in symptomatic asthma patients, as it might underesti-
mate a broad spectrum of distal lung function impairments,
which are clearly present in patients with nocturnal asthma.
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