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Type 2 Biomarkers and Prediction of Future
Exacerbations and Lung Function Decline in
Adult Asthma
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What is already known about this topic? In studies primarily undertaken in patients with severe eosinophilic asthma,
higher levels of blood eosinophils, fractional nitric oxide, and serum periostin predict an increased risk of severe
exacerbations.

What does this article add to our knowledge? In a broader asthma population, higher levels of these predictive
biomarkers are associated with fewer asthma exacerbations.

How does this study impact current management guidelines? This study highlights the importance of nonetype 2
asthma as a phenotype associated with an increased risk of exacerbations and the inherent difficulty of applying highly
specific biomarkers to this more diverse group.
BACKGROUND: Type 2 biomarkers that predict both
likelihood of future severe exacerbations and response to mAb
therapy in asthma would be useful clinically in identifying
patients both at greater risk of hospitalization and most likely to
benefit from mAb therapy.
OBJECTIVE: To describe the association between type 2
biomarkers, blood eosinophils, fractional exhaled nitric oxide
(FENO), serum periostin, and serum IgE, and time to severe
exacerbation in a broad asthma population.
METHODS: Participants from 2 adult asthma cohorts with
baseline measurements of blood eosinophils, FENO, serum
periostin, and serum IgE were reviewed after at least 12 months
to obtain an exacerbation history, corroborated with general
practitioner and hospital medical records. The association
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between baseline type 2 biomarkers and time to exacerbation
was described by Cox proportional hazard ratios (HRs) using
multivariate models.
RESULTS: A total of 212 participants were followed for a
median (range) 3.8 (1.1-5.3) years; 67 of 212 (32%) had at least
1 severe exacerbation. The HRs (95% CI) of baseline type 2
biomarkers and time to exacerbation were as follows: blood
eosinophils per 0.1 3 109/L increase, 0.89 (0.76-1.05), P [ .17;
log FENO per 0.693 increase, 0.65 (0.52-0.81), P < .001; log
serum periostin per 0.693 increase, 0.62 (0.35-1.09), P [ .10;
log serum IgE per 0.693 increase, 0.89 (0.80-1.00), P [ .05.
CONCLUSIONS: The positive association between type 2
biomarkers and risk of severe exacerbations in populations with
severe refractory asthma does not extend to mild and moderate
asthma. Nonetype 2 asthma may represent a phenotype
associated with an increased risk of severe exacerbations in a
broad asthma population. � 2018 American Academy of Al-
lergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2018;6:1982-8)
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INTRODUCTION
Severe exacerbations of asthma are a significant public health

burden, leading to around 500,000 hospitalizations per year in
the United States, costing about one-third of the total of
$14.7 billion spent on asthma-related health care.1 Severe asthma
exacerbations are associated with increased morbidity and risk of
mortality and excess lung function decline over time.2,3 Pre-
dictors of severe exacerbations are clinically useful to identify
patients at risk of these associated outcomes. Clinical features
reported to be associated with an increased risk of severe
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Abbreviations used

FENO- F
ractional exhaled nitric oxide

GP- G
eneral practitioner

ICS- In
haled corticosteroid
LABA- L
ong-acting beta-agonist
exacerbations include poor symptom control, 1 or more severe
exacerbations in the previous year, high short-acting beta-agonist
use, exposure to tobacco smoke, high allergen exposures, poor
lung function, comorbidities including obesity and rhinosinusi-
tis, and major psychosocial problems.4

Other predictors of exacerbations in patients with severe
asthma are type 2 biomarkers, including peripheral blood eo-
sinophils, fractional exhaled nitric oxide (FENO), serum periostin,
and serum IgE. Randomized controlled trials of mAb therapies
directed against type 2 asthma report that higher levels of blood
eosinophils,5-7 FENO,6 and serum periostin7,8 are associated with
higher exacerbation rates in populations with severe asthma.
While these type 2 biomarkers predict the likelihood of future
exacerbations in adults with severe, uncontrolled type 2 asthma,
it is unclear whether these associations extend to a more general
group of adults with asthma with a range of asthma severity.

We aimed to assess whether the risk of severe exacerbation was
greater in those with high levels of type 2 biomarkers in a rela-
tively nonspecific group of adults with asthma with a range of
severity. This was by following up patients from 2 previously
recruited cohorts of research participants who had baseline
measurements of blood eosinophils, FENO, serum periostin, and
serum IgE. The first cohort was a sample of 235 adults with
asthma, who had predominantly intermittent asthma of mild or
moderate severity, recruited by a simple random sample from the
electoral role in the greater Wellington area.9 The second smaller
cohort consisted of 60 adults with stable moderate to severe
asthma on a regular regimen of inhaled corticosteroids (ICSs)
and a long-acting beta-agonist (LABA), who had participated in a
study of the longitudinal variation of serum periostin levels.10

On the basis of reported data for type 2 biomarkers in severe
asthma, we hypothesized that those with high baseline levels of
peripheral blood eosinophils, FENO, serum periostin, or serum
IgE would be more likely to have a severe exacerbation and
would result in greater decreases in lung function over time.

METHODS
This study evaluated participants with asthma from 2 previous

nonexperimental cross-sectional asthma biomarker studies conduct-
ed by the Medical Research Institute of New Zealand.9,10 For each
of the original studies, participants had baseline measures of lung
function, FENO levels, blood eosinophil count, serum periostin levels,
and total serum IgE. A total of 15 participants were enrolled in both
the original studies, and the baseline data used were from their first
original study visit with complete data. Between May 2015 and June
2016, participants were invited to reattend the outpatient facility at
the Medical Research Institute of New Zealand for a single further
visit, which was at least 12 months after their original baseline
measurements.

Ethical approval for this study was given by the New Zealand
Ethics Committee (15/CEN/33). The study was prospectively
registered with the Australia New Zealand Trial Registry
(ACTRN12615000503527). All participants provided written
informed consent before participation.

Clinical data

A full description of study methodology can be found in this
article’s Online Repository at www.jaci-inpractice.org. In brief,
participants were asked about severe exacerbations since the baseline
visit. A severe exacerbation was identified in accordance with the
American Thoracic Society and European Respiratory Society
criteria,11 requiring the use of systemic corticosteroids (tablets, sus-
pension, or injection), or an increase from a stable maintenance dose,
for at least 3 days or a hospitalization or emergency department visit
because of asthma requiring systemic corticosteroids. Courses of
corticosteroids separated by more than a week were treated as
separate severe exacerbations. Patient-reported severe exacerbations,
including date, treatment provided, and details of the health care
provider, were recorded in an investigator-led questionnaire and then
corroborated with general practitioner (GP) and hospital electronic
medical records (see this article’s Online Repository at www.jaci-
inpractice.org).

Study size
In total, 330 participants were invited to take part in the study

where the assumed attrition rate would be of the order of 30%,
anticipating a total of 230 participants would be enrolled. We esti-
mated that this sample size would have 95% CIs for a proportion of
20% (the anticipated proportion of participants with a severe exac-
erbation) of � 5%.

Statistical methods
Multivariate models, adjusting for the participant’s original

cohort and whether or not they were on ICSs at baseline, were used
to estimate the relative differences in time to a severe exacerbation by
estimating the hazard ratio between the type 2 biomarkers and time
to severe exacerbation using the Cox proportional hazards model. In
the analysis, lower hazard ratio corresponds with a longer time to a
severe exacerbation.

Comparison of type 2 biomarkers was made between those who
had a severe exacerbation and those who did not, using t tests. The
predictor variables FENO, serum periostin, and serum IgE required
logarithm transformation to better meet normal distribution. A ratio
of geometric means was used to describe the exponent of these
variables. A multiplier of 0.693 represents a doubling of the geo-
metric mean.

Linear regression models were used to describe the relationship
between baseline type 2 biomarkers and change in FEV1, including
multivariate analysis adjusting for age, sex, ICS use, and smoking
status at baseline. A significant interaction term suggested that the
change in FEV1 with time was dependent on the type 2 biomarker.
Statistical software used was SAS version 9.4 (SAS Institute Inc.,
Cary, NC).

RESULTS
A total of 212 out of the potential 330 participants returned

for testing, of which 177 (84%) were from the New Zealand
Health Respiratory Survey.9 The median (range) time between
baseline and follow-up visits was 3.8 (1.1-5.3) years (mean, 2.8
� 1.5 years, and median [interquartile range, IQR], 3.4 [1.3-3.9]
years), with a total of 642 patient-years of follow-up. The flow of
participants through the study is shown in Figure 1. All (212 of
212; 100%) hospital electronic medical records were reviewed to
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FIGURE 1. Flow of participants through the study.
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corroborate hospital attendances and prescriptions of systemic
corticosteroids. A total of 22 of 212 (10%) participants did not
have GP electronic records reviewed by an investigator because
permission was not granted by the GP and 4 of 212 (2%) par-
ticipants had severe exacerbations outside of New Zealand,
which could not be corroborated locally. There were 67 of 212
(32%) participants with at least 1 severe exacerbation of asthma.
There were a total of 189 severe exacerbations, representing a rate
of 0.29 severe exacerbations per patient-year. The participants
had well-controlled asthma of mild to moderate severity
(Table I). At baseline/follow-up, there were 41/38 participants
prescribed no inhalers, 16/37 participants prescribed a short-
acting beta-agonist only, 63/36 prescribed an ICS with short-
acting beta-agonist inhaler, and 92/101 participants prescribed
an ICS with a LABA. No participants were prescribed mainte-
nance systemic corticosteroids for their asthma, although at
follow-up 3 people reported the chronic use of oral corticoste-
roids for noneasthma-related conditions. The mean scores at
baseline for the 5-item Asthma Control Questionnaire and
Asthma Quality of Life Questionnaire for Standardized activities
were 0.91 and 6.13, respectively. The mean FEV1 percent pre-
dicted was 88.9% and 87.3% at baseline and follow- up visits,
respectively.
Association between type 2 variables and time to

severe exacerbation
The associations between type 2 biomarkers and time to

severe exacerbation are presented in Table II. The multivariate
associations are adjusted for which recruitment cohort the par-
ticipants were from and for use of ICSs or not. There was no
statistically significant evidence of an association between the
cohort the participants were from and time to severe exacerbation
in any of the multivariate analyses. In the univariate analysis, the
hazard ratio (95% CI) for time to exacerbation was consistent
with the larger original cohort being less at risk: 0.40
(0.21-0.85). However, in all the multivariate models, this esti-
mate of association, once adjusted for whether on ICSs or not
and the individual type 2erelated measurement, had increased to
0.55 with wide CIs (0.28-1.17).

Peripheral blood eosinophils
Mean blood eosinophil counts were (0.25 � 0.19) � 109/L

and (0.24 � 0.18) � 109/L, at baseline and follow-up visits,
respectively. There was no significant association between base-
line blood eosinophil count and time to severe exacerbation. The
adjusted hazard ratio (95% CI) for association between higher
eosinophil count and time to severe exacerbation was 0.89
(0.76-1.05) per 0.1 � 109/L eosinophil count increase (P ¼ .17;
Figure 2, A).

FENO
Median (IQR) FENO levels were 22.5 (13.6-44.4) ppb and 22

(15-33) ppb, at baseline and follow-up visits, respectively. The
analysis of FENO was on the natural logarithmetransformed
scale. The adjusted hazard ratio (95% CI) for association be-
tween baseline log FENO and time to severe exacerbation was
0.65 (0.52-0.81), per 0.693 log FENO increase (P < .001;
Figure 2, B). This 0.693 unit log FENO difference represents a
2-fold change in geometric mean FENO.

Serum periostin
Median (IQR) serum periostin levels were 52.8

(45-65.5) ng/mL and 52.6 (43.7-61.7) ng/mL, at baseline and
follow-up visits, respectively. The analysis of serum periostin was
on the natural logarithmetransformed scale. The adjusted hazard
ratio (95% CI) for association between baseline log serum per-
iostin and time to severe exacerbation was 0.62 (0.35-1.09) per
0.693 log periostin increase (P ¼ .1; Figure 2, C).

Serum IgE
Median (IQR) serum IgE levels were 123 (32-262.5) IU/L

and 103 (28-243) IU/L, at baseline and follow-up visits,
respectively. The analysis of serum IgE was on the natural
logarithmetransformed scale. The adjusted hazard ratio (95%
CI) for association between baseline log serum IgE and time to
severe exacerbation was 0.89 (0.80-1.00) per 0.693 log IgE
increase (P ¼ .05; Figure 2, D).

ICS use at baseline
There was strong evidence of an association between ICS use

at baseline and time to severe exacerbation. In all the models,
ICS use was associated with an increased risk of exacerbation.
The univariate hazard ratio (95% CI) was 3.86 (1.76-8.48) and
the adjusted hazard ratio (95% CI) was 3.66 (1.65-8.08).



TABLE II. The associations between type 2 biomarkers and time to exacerbation

Type 2 biomarkers

Univariate Multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Per 0.1 unit increase in blood eosinophils 0.92 (0.79-1.07) .28 0.89 (0.76-1.05) .17

Per 0.693 unit increase in log FENO 0.64 (0.52-0.79) <.001 0.65 (0.52-0.81) <.001

Per 0.693 unit increase in log serum periostin 0.59 (0.33-1.07) .08 0.62 (0.35-1.09) .10

Per 0.693 unit increase in log serum IgE 0.93 (0.83-1.04) 0.20 0.89 (0.80-1.00) .05

The multivariate associations are adjusted for which recruitment cohort the participants were from and for use of ICSs or not.

TABLE I. Characteristics of participants enrolled in the study

Continuous variable

Mean – SD

Difference* (SD)Baseline Follow-up

Age (y) 50.5 � 13.2

BMI (kg/m2) 29 � 6.1

ACQ-5 score 0.91 � 0.74 0.73 � 0.76 �0.17 (0.71)

AQLQ-S score 6.13 � 0.92 6.23 � 0.81 0.09 (0.75)

FEV1 (L) 2.90 � 0.91 2.77 � 0.87 �0.14 (0.34)

FEV1 % predicted (%) 88.9 � 19.8 87.3 � 18.7 �1.6 (10.2)

Blood eosinophils (� 109/L) 0.25 � 0.19 0.24 � 0.18 �0.01 (0.15)

FENO (ppb)† 22.5 (13.6 to 44.4) 22 (15 to 33) �0.4 (�9.5 to 5)

Serum periostin (ng/mL)† 52.8 (45 to 65.5) 52.6 (43.7 to 61.7) �2.24 (�8.1 to 4.4)

Serum IgE (IU/L)† 123 (32 to 262.5) 103 (23 to 243) �8 (�74.8 to 8)

Categorical variables

N/212 (%)

Difference (N)Baseline Follow-up

Ethnicity

Asian 8 (3.8) 8 (3.8)

European 189 (89.2) 189 (89.2)

Maori 8 (3.8) 8 (3.8)

Pacific 5 (2.4) 5 (2.4)

Other 2 (0.9) 2 (0.9)

Female 109 (51.4) 109 (51.4)

Current smoker 13 (6.1) 13 (6.1) 0

No inhalers 41 (19.3) 38 (17.9) �3

SABA inhaler only 16 (7.5) 37 (17.5) 21

ICS use 155 (74.1) 137 (64.1) �18

ICS/LABA 92 (43.4) 101 (47.6) 9

AQLQ-S, Asthma Quality of Life Questionnaire for Standardized activities; BMI, body mass index; SABA, short-acting beta-agonist.
*Calculated as follow-up visit value minus baseline visit value.
†Medians (IQR) given here as variables skewed.
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Change in FEV1 over time
There was no evidence of an association between the change

in FEV1 over time and baseline FENO, serum periostin, or serum
IgE: 0.02 (�0.02 to 0.06), �0.01 (�0.12 to 0.09), and 0.01
(�0.01 to 0.04) difference in FEV1 per 0.693 increase in log
FENO, log periostin, and log IgE, respectively. In a multivariate
model, with adjustments made for age, sex, ICS use, and
smoking status at baseline, there was strong evidence of an
interaction between change in FEV1 between the follow-up and
baseline visits and blood eosinophil count at baseline (P < .001).
This was best illustrated by plotting predicted change against
time, where the blood eosinophil counts of 0.1 and 0.3 � 109/L
represented the first and third quartiles, respectively (Figure 3).
Where the baseline blood eosinophil count was “low,” the
decrease in FEV1 was more rapid with time; however, “high”
baseline blood eosinophil counts were associated with an increase
in FEV1 with time. The multivariate model estimated the cutoff
point between high and low to be 0.21 � 109/L.

DISCUSSION
This study found a statistically significant association between

high baseline FENO and serum IgE levels and a lower risk of a
severe exacerbation in adults with predominantly intermittent
asthma of mild to moderate severity. Those who had at least 1
severe exacerbation had lower baseline FENO levels than those
who did not exacerbate. The association between high baseline
peripheral blood eosinophils and serum periostin levels and time
to a severe exacerbation was not statistically significant. A greater
decline in FEV1 was associated with a baseline peripheral blood
eosinophil count of less than 0.21 � 109/L.



FIGURE 2. Kaplan-Meier survival curves for quartiles of blood eosinophil count (A), log FENO (B), log serum periostin (C), and log serum IgE
(D).

FIGURE 3. Change in FEV1 with time associated with baseline
eosinophil count. The solid red line is the predicted mean rate of
change with time for an eosinophil count of 0.1 at baseline. The
dotted red lines are the upper and lower confidence limits for the
predicted mean. The solid blue line is the predicted mean rate of
change with time for an eosinophil count of 0.3 at baseline. The
dotted blue lines are the upper and lower confidence limits for the
predicted mean. Both prediction models are without the other
covariates.
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These results do not confirm findings from previous ran-
domized controlled trials of the efficacy of mAb therapies tar-
geting components of the type 2 inflammatory pathways, in
populations with severe asthma5-8 or observational cohorts with
more severe persistent asthma than those in our study.12-14 This
may be due to differences in the population studied, as outlined
below. Although we could not identify a statistically significant
association between time to severe exacerbation and blood
eosinophil or serum periostin levels, the width of the CIs means
that we cannot rule out substantial and possibly meaningful
associations between time to severe exacerbation and the type 2
measurements. For example, for blood eosinophils the lower
95% confidence limit was 0.76, which could be consistent with a
strong association.

The most important consideration in this study is con-
founding by ICS therapy, which is more likely to be prescribed
to patients with more severe persistent disease,4 reduces periph-
eral blood eosinophil, FENO, and serum periostin levels,9,15,16

and reduces the risk of severe exacerbation,17,18 with clinical
efficacy greater in those with raised blood or sputum eosinophils
or FENO levels.19,20 Our finding that ICS use was associated with
an increased risk of severe exacerbations suggests that it was likely
to be a marker of more severe disease. Furthermore, the obser-
vation that low FENO was associated with both high inhaled
fluticasone dose and shorter time to severe exacerbation may
suggest that the FENO was reduced by high-dose inhaled fluti-
casone therapy, but that other factors associated with severe
asthma may confound the association.

The other main difference is that we studied an adult pop-
ulation with predominantly intermittent asthma of mild to
moderate severity, with only two-thirds taking ICS therapy, and
just less than half on concomitant LABA therapy. In contrast,
the randomized controlled studies of mAb therapy that
demonstrated that the type 2 biomarkers predicted severe
exacerbation risk selected patients with severe refractory asthma,



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 6, NUMBER 6

SEMPRINI ETAL 1987
despite high-dose ICS therapy, with or without maintenance
oral corticosteroids, who also required additional controller
medications.5-8

Contrasting results have been reported in observational studies
such as the National Heart, Lung, and Blood Institute Severe
Asthma Program, in which there was a positive association be-
tween severe exacerbations of asthma and blood eosinophils, but
not FENO, and low serum IgE was associated with severe exac-
erbation risk.21

Our population may also explain the difference from others in
our findings of an association between low blood eosinophils
levels and a greater decline in lung function, and the lack of an
association for either FENO or periostin. In contrast, studies in
populations with more severe asthma have shown no consistent
association between accelerated decline in lung function and high
blood eosinophils,22 FENO,23 or periostin.24

Limitations of our study include multiplicity of analyses,
which may have resulted in type 1 error, but also for some of the
associations assessed the CIs were quite wide. There may also
have been other factors affecting an individual’s risk of severe
exacerbation not adjusted for in the analyses, such as baseline
ICS dose, exacerbation history, particulate or environmental
exposures, treatment adherence, or socioeconomic factors,
because these data were not collected at baseline. We did not
investigate whether the severe exacerbations were of viral and/or
allergic etiology and so differential associations based on exac-
erbation type could not be undertaken. In addition, this study
was not designed to investigate potential mechanisms relating to
the pathways associated with the type 2 biomarkers studied;
however, the positive results for FENO and IgE and negative
results for eosinophils might indicate that the exacerbations in
our population could be driven by IL-13 rather than IL-5. With
respect to lung function, we did not standardize the broncho-
dilator withdrawal criteria before lung function testing in either
the initial study or the follow-up study, which would have been
preferable for an analysis of lung function decline. The follow-up
rate of 64% was lower than anticipated and may have resulted in
selection bias in our relatively small population.

The patients’ reports of severe exacerbations of asthma were
corroborated with medical records where possible. All electronic
records of severe exacerbations were confirmed by the investi-
gator, regardless of whether the event was reported by the
patient. Episodes where there was concordance between the
patient-reported date of severe exacerbation and medical records
were confirmed by the investigator. Where the dates of severe
exacerbations were not concordant with medical records, the
patient-reported severe exacerbation was not counted by the
investigator, unless the medical records could not be accessed
such as severe exacerbations that occurred outside of New Zea-
land (n ¼ 4) or where permission to access medical records was
declined by the primary health care provider (n ¼ 22). Given
these small numbers, we do not anticipate this resulted in sig-
nificant recall bias with the data.

This study comprised 2 cohorts with asthma from previous
studies, which were recruited using different methodologies. The
first cohort consisted of randomly selected participants from the
electoral role, resulting in the inclusion of patients with mild to
moderate asthma. The second cohort consisted of patients with
asthma on ICS and LABA therapy, to include those with more
severe disease. Despite differences in recruitment methodology
between the cohorts, baseline measurements for both studies
were undertaken using the same guidelines and laboratory assays.
In addition, all participants underwent baseline testing having
been free from upper or lower respiratory tract infections for a
minimum of 3 weeks, ensuring stability of disease immediately
before measurements were taken.

Whereas type 2 high asthma has been well characterized and
described, type 2 low disease is relatively understudied. It is likely
to align with the broad group of noneosinophilic asthma, which is
an important clinical entity comprising multiple phenotypes with
differing inflammatory profiles.25 Patients with type 2 low asthma
may have predominantly neutrophilic airway inflammation,
which is the most common inflammatory phenotype in severe
exacerbations.26 Significantly, type 2 low asthma is relatively
resistant to treatment with corticosteroid therapy,19,20,27,28 and
may be the predominant mechanism in sudden-onset fatal
asthma.29 Taken together, it may explain why those with low
baseline blood eosinophils were more likely to have a greater
decline in lung function at their follow-up visit. Our findings
suggest that type 2 low asthma may be highly prevalent among
those with mild to moderate asthma in the general population,
which has important clinical implications, given its relative steroid
insensitivity and lack of alternative treatment strategies available.

We conclude that the positive association between type 2
biomarkers and risk of severe exacerbations in populations with
severe refractory asthma may not extend to mild and moderate
asthma. This study highlights the importance of type 2 low
asthma as a phenotype associated with an increased risk of severe
exacerbations in those with mild to moderate asthma and which
warrants further study.
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METHODS

Study population
This study followed up participants from 2 previous obser-

vational studies conducted by the Medical Research Institute of
New Zealand. The New Zealand Respiratory Health Survey was
a 3-phase cross-sectional study that enrolled 451 adults randomly
selected from the electoral roll between November 2010 and
August 2012, of whom 285 had a doctor’s diagnosis of asthma
and complete data.E1 The second study enrolled 60 adults with
stable asthma, on ICS and LABA therapy, who had participated
in a study of the longitudinal variation of serum periostin levels,
and were recruited between March 2014 and February 2015.E2

A total of 15 participants were enrolled in both studies, and
the baseline data used were from their first visit with complete
data. For each study, participants had baseline measures of lung
function, FENO levels, blood eosinophil count, serum periostin
levels, and total serum IgE. Participants were invited to reattend
the outpatient facility at the Medical Research Institute of New
Zealand for a single follow-up visit, at least 12 months after their
baseline measurements, which took place from May 2015 to
June 2016.

Inclusion and exclusion criteria
Follow-up visits were rescheduled if participants reported

sustaining a bone fracture, undergoing major general or dental
surgery, or taking systemic corticosteroids within 3 months of
the study visit. In addition, visits were rescheduled if participants
reported an upper or lower respiratory tract infection in the
3 weeks before the study visit. Participants were excluded from
follow-up if they were pregnant or breast-feeding.

Clinical data

Respiratory history. All participants were asked about severe
exacerbations since the baseline visit. A severe exacerbation was
identified in accordance with the American Thoracic Society
(ATS) and European Respiratory Society criteria,E3 requiring the
use of systemic corticosteroids (tablets, suspension, or injection),
or an increase from a stable maintenance dose, for at least 3 days
or a hospitalization or emergency department visit because of
asthma requiring systemic corticosteroids. Courses of cortico-
steroids separated by more than a week were treated as separate
severe exacerbations. Patient-reported exacerbations, including
date, treatment provided, and health care provider details, were
recorded in an investigator-led questionnaire and then corrobo-
rated with GP and hospital electronic medical records.

A patient-reported severe exacerbation was counted if there
was a prescription of systemic corticosteroids for 3 or more days
for the treatment of asthma in the patient’s medical records, in
concordance with the date provided by the patient. In the case of
patient-reported self-medication, where patients followed an
existing acute management plan of taking systemic corticoste-
roids from a home rescue pack, GP medical records were checked
for appointments or prescriptions where the rescue pack medi-
cation would have been replaced. In both cases, if there was no
evidence of prescriptions for systemic corticosteroid, the patient-
reported event was discounted. Regarding occasions where the
severe exacerbation occurred abroad and no supporting docu-
mentation was accessible, the patient-reported exacerbations were
counted. In the event that GP or hospital records were not
available, all patient-reported exacerbations were counted.

The remaining questionnaires used were the Asthma Control
Questionnaire and the Asthma Quality of Life Questionnaire for
Standardized activities to establish respiratory health status and
disease control.

Lung function. Spirometry was performed using a Master-
screen Pneumo (Masterscreen Version 2.0, Carefusion, Hoech-
berg, Germany), in accordance ATS guidelines.E4 Global Lung
Initiative reference ranges were used.E5

Biomarkers. Blood was drawn for complete blood cell count
and differential (Sysmex platform, Mundelein, Ill), and creati-
nine, electrolytes, and serum IgE (Roche, Cobas 501, NZ) an-
alyses, which were performed immediately in the local
laboratory. Blood for serum periostin measurement was coagu-
lated and centrifuged and serum aliquots stored at �80�C for
analysis using the Elecysis periostin immunoassay (Roche Di-
agnostics, Penzberg, Germany) described previously.E6 FENO was
measured using a NIOX MINO monitor (Aerocrine AB, Solna,
Sweden) in accordance with ATS guidelines.E7

http://refhub.elsevier.com/S2213-2198(18)30137-5/sref30
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref30
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref30
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref31
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref31
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref31
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref31
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref32
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref32
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref32
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref32
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref33
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref33
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref34
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref34
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref34
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref34
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref35
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref35
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref35
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref35
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref36
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref36
http://refhub.elsevier.com/S2213-2198(18)30137-5/sref36

	Type 2 Biomarkers and Prediction of Future Exacerbations and Lung Function Decline in Adult Asthma
	Introduction
	Methods
	Clinical data
	Study size
	Statistical methods

	Results
	Association between type 2 variables and time to severe exacerbation
	Peripheral blood eosinophils
	Feno
	Serum periostin
	Serum IgE
	ICS use at baseline
	Change in FEV1 over time

	Discussion
	Acknowledgments
	References
	Online Repository. Methods
	Study population
	Inclusion and exclusion criteria
	Clinical data
	Respiratory history
	Lung function
	Biomarkers


	References


