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ABSTRACT Little is known about the prognosis of adults with new-onset asthma. Cross-sectional
studies suggest that these patients may exhibit accelerated decline in forced expiratory volume in 1s
(FEV1). However, risk factors for accelerated decline in lung function have not yet been identified.

We aimed to identify these risk factors in a prospective 5-year follow-up study in 200 adults with newly
diagnosed asthma. In the current study, clinical, functional and inflammatory parameters were assessed
annually for 5 years. Linear mixed-effects models were used to identify predictors.

Evaluable lung function sets of 141 patients were available. Median (interquartile range) change in post-
bronchodilator FEV1 was —17.5 (—54.2 to +22.4) mL per year. Accelerated decline in FEV1 was defined by
the lower quartile of decline (>54.2 mL per year). Nasal polyps, number of blood and sputum eosinophils,
body mass index, and level of exhaled nitric oxide were univariably associated with decline in lung
function. Only the latter two were independently associated. Using cut-off values to identify patients at
highest risk showed accelerated decline in FEV1 in all patients with combined exhaled nitric oxide fraction
(FeNO) 257 ppb and body mass index (BMI) <23 kg-m_z.

We conclude that adults with new-onset asthma with both high levels of exhaled nitric oxide and low
BMI are at risk of accelerated decline in lung function.
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Introduction

Asthma is a heterogeneous disease comprising several sub-phenotypes with different clinical, inflammatory
and functional characteristics [1, 2]. Age at disease onset appears to be an important distinctive feature of these
sub-phenotypes, as studies have shown that patients with adult-onset asthma differ in many respects from
those in whom asthma started in childhood [3]. As adult-onset asthma covers more than 50% of new
diagnoses of asthma [4, 5] this is a clinically important phenotype. Adult-onset asthma is associated with more
(persistent) eosinophilic airway inflammation and more chronic sinus disease [6, 7]. It has also been suggested
both in cross-sectional and longitudinal studies that these patients have a more rapid decline in FEV1 [8, 9].

Potential factors that have been shown to contribute to accelerated lung function decline in the general
asthma population are smoking [10], recurrent exacerbations [11] and low baseline forced expiratory
volume in 1 s (FEV1) [12]. However, severity of inflammation could also be an important contributor by
inducing airway remodelling [13].

Early identification of patients at risk of accelerated decline in lung function is important because
irreversible airflow obstruction is known to be associated with increased morbidity and mortality [14, 15].
In addition, determining the nature of risk factors could help in identifying the most suitable preventive
treatment for a specific patient.

In this study, we hypothesised that patients with adult-onset asthma at risk of an accelerated decline in
lung function can be identified at diagnosis. The aim of this study was to identify clinical, functional or
inflammatory risk factors of accelerated FEV1 decline in a prospective 5-year study in adults with newly
diagnosed asthma.

Methods

Subjects

In total, 200 adults who were included in the ADONIS study (Adult-Onset Asthma and Inflammatory
Subphenotypes) were prospectively followed for 5 years. Patients aged 18-75 years old were eligible if they
had recently (<12 months) been diagnosed with asthma. Asthma diagnosis was based on typical symptoms
with at least 200 mL and 12% improvement in FEV1% predicted values or presence of airway
hyperresponsiveness [16]. Current smoking or a smoking history >10 pack-years was allowed if there was
no airflow obstruction (FEV1/forced vital capacity (FVC) <0.7) and normal diffusion capacity (diffusing
capacity of the lungs for carbon monoxide, corrected for haemoglobin and alveolar volume >80%).
Patients with a history of asthma or chronic airways disease in childhood were excluded. The study was
approved by the AMC Medical Ethics Board and registered in the Dutch trial register (NTR1846). All
participants provided written informed consent.

Study design

The study design included seven visits over 5 years. At baseline, patients underwent a comprehensive
assessment of clinical, functional and inflammatory parameters. Follow-up occurred at yearly intervals,
with one additional follow-up visit after 6 months. At the final visit, all baseline measurements were
reassessed.

Study measurements

At baseline, the following data were collected: demographics; medical history; medication use; asthma
control (Asthma Control Questionnaire (ACQ)-6) [17]; standardised pre- and post-bronchodilator
spirometry (FEV1 and FVC) [18]; airway hyperresponsiveness, defined as the provocative concentration of
methacholine needed to establish a 20% fall in FEV1 (if no fall was reached, a concentration of
32 mgmL~" was used); atopy, defined as IgE >0.35kU-L™" for at least one out of a set of common
aeroallergens (ImmunoCAP, ThermoScientific, Uppsala, Sweden); peripheral blood cell counts; fraction of
exhaled nitric oxide (FeNO) (NIOX System, Aerocrine, Sweden) [19]; sputum cell differentials according to
international standards [20]; and nasal polyposis, based on nasal endoscopy and/or nasal polypectomy in
the history of the patient. At subsequent visits, the parameters of medication use, ACQ, Asthma Quality of
Life Questionnaire, exacerbations (defined as courses of oral corticosteroids in the previous follow-up
period), post-bronchodilator (pb)FEV1, peripheral blood cell counts and FeNO were assessed. At the final
visit, all baseline assessments were repeated, with the exception of atopic status and presence of nasal

polyposis.

Definition of accelerated decline

Annual pbFEV1 decline per patient was calculated as the slope of the regression line of the individual
pbFEV1 measurements over time. Annual pbFEV1 decline per patient was dichotomised at the lower
quartile (<25th percentile). Values below this lower quartile were defined as accelerated decline.
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Statistical analysis

Data from patients who attended only the baseline visit and had no follow-up data were excluded. A linear
mixed-effects model of the longitudinal ppbFEV1 values over time (mL per year) was used to determine the
relationship between the annual pbFEV1 decline and covariates. Change in pbFEV1 over time (years) was
modelled as a linear function. Patients’ individual intercept and slope over time were included as random
effects in the linear mixed-effects model. We assessed whether the slopes of these individual regression
lines were different between variable levels by inclusions of interaction terms of the predictor with
follow-up time in years in the mixed-effects model.

Univariable mixed models were used to select variables for the multivariable mixed models (p<0.10),
containing either continuous or dichotomised predictor variables. Backward selection was used in the
multivariable continuous and dichotomised models, and all models we adjusted for baseline pbFEV1
(expressed as pbFEV1% of predicted) by including this variable as main effect. Thereafter, exacerbations
during follow-up were added to the multivariate model.

Subsequently, receiver operating characteristic analysis based on the results of the mixed effect model was
performed with accelerated pbFEV1 decline as outcome. We defined cut-off values of the predictor
variables as the threshold with 90% specificity for each predictor variable.

Statistical significance was set at a p-value of <0.05. SPSS software (Version 23; IBM SPSS, Armonk, NY,
USA) and Rstudio (Version 1.0.136; Free Software Foundation, Inc., Boston, MA, USA) were used for
statistical analyses.

Results

Of 200 patients included in the study, repeated lung function tests of 141 patients (71%) were available
over a period of 5 years. The 59 patients with incomplete datasets were more often female (71% versus
50%; p<0.01) and used lower doses of inhaled corticosteroids (250 pug-day™" versus 313 ug-day™'; p=0.02)
than the patients with complete datasets (Table El). Baseline characteristics of the 141 adults with
new-onset asthma are shown in table 1. The median time between asthma diagnosis and baseline visit was
2 (interquartile range 1-5) months. The meantsp follow-up time was 4.6+1.4 years, with a median of 5

TABLE 1 Baseline characteristics of participating patients

Subjects n 141
Follow-up years 4.6+1.4
Female sex % 50

Age years 49+15
BMI kg-m~2 2845
Never/ex-/current smoker % 41/51/8
Smoking pack-years 4 (0-13)
ACQ6 score 1.27£0.93
GINA severity score [16] 3 (2-4)
LABA/LAMA use % 67
LTRA use % 1

ICS use % 84

ICS dose, fluticasone equivalent pg?* 313 (250-500)
Exacerbations in previous year n 0 (0-1)
Total IgE kU-L™" 68 (28-203)
Atopy % 47
Nasal polyps % 20
pbFEV1 % pred 10117
pbFEV1 /FVC % pred 0.76+0.10
FeNo ppb 22 (13-47)
Blood eosinophils x10%-L~" 0.16 (0.09-0.2¢)
Neutrophils x10%-L~" 3.79+1.32
Sputum eosinophils %" 0.6 (0.1-3.9)
Annual FEVi decline mL per year —17.48 (-54.22 to +22.44)

Data are presented as meanssp or median (interquartile range), unless otherwise stated. BMI: body mass
index; ACQ: Asthma Control Questionnaire; GINA: Global Initiative for Asthma; LABA: long-acting
beta-agonists; LAMA: long-acting muscarinic antagonists; LTRA: leukotriene receptor antagonist; ICS:
inhaled corticosteroids; pbFEV1: post-bronchodilator forced expiratory volume in 1s; FVC: forced vital
capacity; FeNo: fraction of exhaled nitric oxide. *: reported daily dose; T: n=86.
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(5-6) visits. The median exacerbation rate was 0 (0-0.25) per year; 68% of the patients did not report any
exacerbation during follow-up and 19% experienced only one exacerbation. The median change in pbFEV1
was —17.5 mL per year. The limit of the lower quartile was at —54.2 mL per year and the limit for the
upper quartile was +22.4 mL per year.

Predictors for accelerated lung function decline

Univariable linear mixed effect analysis showed that the presence of nasal polyps, lower body mass index
(BMI), higher numbers of blood eosinophils, higher % of sputum eosinophils and higher levels of FeNO
were significantly associated with a steeper decline in pbFEV1 (table 2, figure 1). Male sex also tended to
be associated with a steeper decline in pbFEV1, (p=0.08). Other variables were not associated with lung
function decline.

When all significant (p<0.10) continuous variables from the univariate analysis were put into a backward
selection multivariable model, only higher FeNO and lower BMI were significantly associated with decline in
PbEEV1, with values of —0.55 mL per ppb per year (p=0.001) and 2.20 mL per kg-m™ per year (p=0.049),
respectively. When the calculated cut-off values of the variables were put into the backward selection
multivariable model, FeNO (=57 ppb) and BMI (<23.05 kg:m™2) were significantly associated with a change
in pbFEV1 of —37.9 mL per year (p=0.015) and —49.9 mL per year (p=0.003), respectively (table 3).

2

The negative predictive values of FeNO >57ppb or BMI <23.05 kg-m™~ were fairly good, at 77% and 79%,
2

respectively (table 4), while the positive predictive values for FeNO >57 ppb or BMI <23.05 kg:m™~ were
lower, at 45% and 41%, respectively. However, when FeNO >57 ppb and BMI <23.05 kg~m_2 were

combined, the positive predictive value for accelerated lung function decline was 100%.

When exacerbations were added to the continuous model, BMI and FeNO remained associated with lung
function decline, but there appeared to be no association between exacerbations and lung function decline
(p=0.253). In addition, no association was seen in the model using the cut-off variables.

Discussion

This study shows that in adult patients with new-onset asthma, higher FeNO levels and lower BMI are
independently associated with faster decline in FEV1. When we used cut-off values to identify patients at
highest risk of accelerated lung function decline, (defined as the lowest quartile of decline in FEV1), it
appeared that all patients with combined FeNO >57 ppb and BMI < 23.05 kg-m ™ showed accelerated
decline. No influence on lung function decline of current or former smoking or airway
hyperresponsiveness was observed. These results suggest that among adults with new-onset asthma,

TABLE 2 Univariable mixed effect model

Change in pbFEV1 mL per year® p-value
FeNo ppb —0.60 <0.001
BMI kg-m—2 2.96 0.011
Presence of nasal polyps [yes) —33.24 0.023
Sputum eosinophils % -1.35 0.022
Blood eosinophils x10%-L~" -32.98 0.044
Female sex 20.89 0.084
Current/ex-smoker (yes) -18.98 0.126
Age years —0.65 0.128
ACQ6 score 10.83 0.129
GINA severity score[16] 8.31 0.194
Pack-years n —0.60 0.210
No ICS use -20.63 0.214
Exacerbations in previous year n —4.82 0.300
Neutrophils x10%.L~" 434 0.340
Presence of atopy (yes) —9.46 0.440
IgE —-0.004 0.549
Airway hyperresponsiveness mg-mL~" 0.164 0.772
ICS dose, fluticasone equivalent pgT 0.004 0.811

Significant p-values are shown in bold. pbFEV1: post-bronchodilator forced expiratory volume in 1s; FeNoO:
fraction of exhaled nitric oxide; BMI: body mass index; ACQ: Asthma Control Questionnaire; GINA: Global
Initiative for Asthma; ICS: inhaled corticosteroids. #: change in pbFEV1 in mL per year, per increase in
variable; T: reported daily dose.
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FIGURE 1 Univariable models for forced expiratory volume in 1s (FEV1) decline with different biomarkers. aJ FeNo (p<0.001); b) body mass index
(BMI) (p=0.011]; c) sputum eosinophils (p=0.022); and d] blood eosinophils (p=0.044). Solid line: change in post-bronchodilator (pb)FEV1 (mL per

year, per increase in biomarker); dotted line: +2se.

nonobese patients with relatively severe airway inflaimmation are at highest risk of lung function

impairment in the future.

This prospective longitudinal study focused specifically on the prognosis of new-onset asthma in adults,
with a special emphasis on the predictive value of clinical, functional and inflammatory markers. One
other study in a Finnish adult-onset asthma population reported a smoking history >10 pack-years to be
associated with accelerated decline in FEV1 [21], which was not confirmed by our data, and might be

TABLE 3 Multivariable mixed effect model with use of cut-off values

Change in pbFEV1 mL per year® p-value
BMI <23.05 kg-m~2 -56.80 0.002
FeNo >57 ppb —-37.78 0.015
Blood eosinophils >0.39x107-L~" —24.59 0.234
Female sex 12.69 0.272
Sputum eosinophils >6.6% 19.17 0.564
Presence of nasal polyps (yes) -10.13 0.609

Significant p-values are shown in bold. pbFEV1: post-bronchodilator forced expiratory volume in 1s; BMI:

body mass index; FeNo: fraction of exhaled nitric oxide.

variable.

#. change in pbFEV1 in mL per year, per increase in
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TABLE 4 Test characteristics

Sensitivity % Specificity % PPV % NPV %
FeNo >57 ppb 30 88 45 80
BMI <23.05 kg-m~2 20 91 41 77
FeNo =57 ppb and BMI <23.05 kg-m~2 15 100 100 78

PPV: positive predictive value; NPV: negative predictive value; FeNo: fraction of exhaled nitric oxide; BMI:
body mass index.

explained by the low numbers of pack-years and few current smokers in the present study, and our
exclusion of patients especially prone to the effects of smoking (i.e. those having FEV1/FVC <0.7 or
lowered diffusing capacity of the lung for carbon monoxide). Neither could we confirm increased airway
hyperresponsiveness or asthma exacerbation rate to be risk factors of accelerated decline in FEV1, as
reported in several but not all previous studies [11, 21-24]. These discrepancies might be due to
differences in study population, i.e. the adult-onset asthma population in our study versus the general
asthma population in the other studies. This emphasises the importance of taking age at disease onset into
consideration in asthma studies [2]. With respect to BMI, results similar to ours were found in one study
showing a faster FEV1 decline in nonobese compared with obese patients with adult asthma [25].
Remarkably, in the general population, the opposite result has been described, with an association found
between high BMI and lung function decline [26]. High FeNO levels have been associated with excess
decline in lung function in previous studies in long-standing adult asthma [27, 28], and our study provides
evidence that even at the start of the disease high FeNO levels predict a substantial loss of lung function
over the first 5 years.

The strengths of our study are its focus on a relatively underexposed and poorly studied asthma
phenotype, the prospective design of the study, and the extensive clinical, functional and inflammatory
characterisation of the patients. Further, a robust statistical analysis was possible because of the relatively
high visit rate per patient (median attendance: five out of seven visits), and the high percentage of
participants in the follow-up study. Indeed, the linear mixed-effects model, in which all available annual
lung function measurements were taken into account, guaranteed a realistic and accurate representation of
the course of FEV1 decline over 5 years.

Unfortunately, we were not able to obtain adequate sputum cell samples from all patients, and this might
have reduced the potential of this biomarker as a predictor. This fits in with the observation that the
percentage of eosinophils in sputum was associated with decline in lung function in the univariable but
not in the multivariable analysis. This does not apply to blood eosinophils, meaning that, compared with
blood eosinophilia, FeNO was more strongly associated with decline in lung function. Our study did not
include a control group, which could be regarded as a limitation. However, solid longitudinal data about
lung function decline in healthy volunteers (22 mL per year) and patients with asthma (38 mL per year)
are available [10]. In the present study, we chose the lower quartile for lung function decline to define
accelerated decline in pbFEV1 (54.2 mL per year). Thus, this definition seems to be clinically relevant.

How can we explain the association between high FeNO and accelerated decline in lung function? An
obvious explanation would be that patients with high levels of FeNO were not using adequate amounts of
anti-inflammatory medications, owing to poor adherence or under-treatment. Inhaled corticosteroids have
been shown to decrease FeNO values [29] and prevent deterioration in lung function over time in patients
with newly diagnosed asthma [30]. However, when we compared patients with and without accelerated
decline in lung function, there was no difference in inhaled corticosteroids dosing, asthma symptoms or
airway hyperresponsiveness, implying that high FeNO levels were not associated with poorer asthma control
or presence of airway dysfunction, so that there was no clinical reason to assume that patients were not
adherent or that they needed an increase in asthma treatment. Another explanation could be that the FeNO
levels are caused by nasal polyposis [31]. Although nasal polyposis was not independently associated with
loss of lung function, this might be because half of the patients diagnosed with this condition were treated
with topical corticosteroids. Therefore, we cannot fully exclude the possibility that nasal polyps are
associated with decline in lung function, which would fit with the observation that nasal polyposis is a
characteristic of a specific severe adult-onset asthma phenotype [32]. In fact, the high FeNO levels in these
patients might reflect a “silent” mechanism leading to loss of lung function. Many studies have shown that
high FeNO levels are associated with eosinophilic airway inflammation [33-35], and it is generally accepted
that persistent airway inflammation leading to airway remodelling is a cause of accelerated lung function
decline [13]. Remarkably, asthma characterised by predominant eosinophilic airway inflammation is
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typically associated with adult-onset asthma and low symptom scores [1], which fits in with our concept
that FeNO is a marker of asymptomatic airway inflammation in this population.

Lower BMI at baseline was independently associated with an accelerated decline in FEV1, which was an
unexpected finding, and we can only speculate on possible mechanisms. In previous studies, associations
between weight gain and decline in lung function have been observed both in patients with asthma [25]
and in the general population [26, 36]. However, this association was most marked in patients who
became obese during the follow-up period [36]. In our study, patients with a low BMI did not become
obese; the mean BMI for this group at the 5 year visit was only slightly higher than at baseline. Another
possibility might be that patients with a very low BMI have low muscle mass due to lack of exercise or
have a mild wasting syndrome related to ongoing inflammation. This fits with our observation that the
patients with combined low BMI and high FeNO were at greatest risk of accelerated decline in lung
function. Finally, obese and nonobese patients with asthma may represent different asthma phenotypes,
not only with respect to clinical and inflaimmatory mechanisms but also with respect to airway
remodelling and long-term prognosis [37, 38]. A recent cluster analysis also points in this direction,
showing less lung function decline in obese patients with asthma compared with lean patients [39].

Our study has clinical implications because it provides a new and important role for FeNO in daily
practice. Our results suggest that FeNO is an easily measured, noninvasive biomarker of ongoing
eosinophilic airway inflammation, even in patients who have controlled disease without exacerbations. It
also suggests that a high FeNO level at asthma diagnosis should be taken seriously, especially in patients
who have already received initial treatment, as it may reflect ongoing or refractory inflammation and loss
of lung function in the long term. FeNO-guided treatment is currently advocated only for adults and
children with frequent asthma exacerbations [40, 41], but this recommendation is based on studies that
have not taken the rate of lung function decline into account. Therefore, studies investigating whether
FeNO-guided treatment can prevent accelerated decline in lung function should be high on the research
agenda.

In conclusion, our study shows that FeNO is a prognostic biomarker for accelerated decline in lung
function in adults with recently diagnosed asthma. In particular, nonobese patients with high FeNoO levels
seem to be most at risk. High FeNO levels might represent refractory eosinophilic airway inflammation
leading to airway remodelling, even in patients with controlled asthma. FeNO might become an important
biomarker for clinicians for guiding asthma treatment in daily practice.
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