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Abstract

Background: Asthma is a heterogeneous condition where biomarkers may be of

considerable advantage in diagnosis and therapy monitoring. However, the changes

in asthma biomarkers and immunoglobulin E (IgE) over the course of life has not

been extensively investigated.

Objective: To study longitudinal changes in type‐2 inflammatory biomarkers, IgE,

and clinical outcomes, and the association between these changes, in young

asthmatics.

Methods: Asthmatics (age 10–35 years, n = 253) were examined at baseline and at

a follow‐up visit, 43 [23–65] (median [range]) months later. Subjects were analyzed

using the multi‐allergen tests Phadiatop and fx5 (ImmunoCAP) and grouped based

on the baseline allergen‐specific IgE antibody (sIgE) concentration: <0.10,

0.10–0.34, and ≥0.35 kUA/L. The relationship between changes (Δ values) in type‐2
biomarkers (individualized fraction of exhaled nitric oxide [FeNO%], blood eosino-

phil [B‐Eos] count, total IgE [tIgE] and sIgE, lung function [% predicted forced

expiratory volume in 1 second (FEV1) and FEV1/forced vital capacity (FVC)], and

Asthma Control Test [ACT]) score were determined.

Results: At follow up, FEV1 and FEV1/FVC had decreased (93.6% vs. 95.8%, and

93.4% vs. 94.7% of predicted, respectively [p < 0.001 both]), whereas ACT score had

increased (21.6 vs. 20.6, p = 0.001). A significant decline in lung function was seen in

subjects with sIgE ≥ 0.10 kUA/L, but not in those with undetectable sIgE

(<0.10 kUA/L). Furthermore, tIgE and sIgE declined over time (p < 0.001 all)

whereas FeNO% and B‐Eos count were not significantly changed. In univariate

analysis, significant negative correlations between ∆B‐Eos count and ∆FeNO%, on

one hand, and changes in lung function, on the other hand, were seen, and multi-

variate analysis showed an independent relationship between ΔFeNO%, and ΔFEV1

(p < 0.05) and ΔFEV1/FVC% (p < 0.01). Sex‐specific analysis showed that the
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independent association between ΔFeNO%, and ΔFEV1 remained only in females

(p = 0.005), and there was a significant interaction with sex (p = 0.02).

Conclusion: In young asthmatics, IgE levels declined over 43 months, whereas FeNO

and B‐Eos remained unchanged. In spite of improved asthma control, an accelerated
lung function decline was seen in patients with detectable sIgE at baseline, and the

decline correlated with changes in type‐2 biomarkers. Particularly, the increase in

individualized FeNO associated independently with decline in FEV1 in females.
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1 | INTRODUCTION

Asthma is a complex syndrome where clinical and biomarker‐
assisted phenotyping can be useful in the development of novel

therapies.1 However, it is uncertain how these phenotypic asthma

characteristics vary over time. For example, it is well‐known that

elevated fraction of exhaled nitric oxide (FeNO), a local biomarker

of type‐2 inflammation, predicts asthma worsening in patients with

allergic asthma, and it has been shown that changes in FeNO might

be meaningful for the longitudinal assessment of asthma control.2,3

In contrast, there is limited knowledge about the association be-

tween changes in blood eosinophil (B‐Eos) count, a systemic

biomarker of type‐2 inflammation, and asthma outcome over time.

However, a higher B‐Eos count is a risk factor for future exacer-

bations and poor asthma control.4,5

Similar studies have focused on changes in lung function over

time, in both children and adults with asthma, aiming to identify

contributing factors for the outcome of asthma onset.6 In the

relationship between lung function and asthma, total immunoglob-

ulin E (tIgE) and atopy may have a central role, at least at younger

ages. In children, when the lungs are growing and the risk for

allergic sensitization is high, a high tIgE has been shown to be a

negative factor for lung function development, whereas the impact

of tIgE on lung function in middle‐aged individuals seems to be

much weaker.7 Furthermore, Turner and coworkers have linked the

presence of early onset atopy at one month of age to reduced lung

function at 18 years of age.8

The phenotyping of asthma is still under debate, and many

questions regarding the factors that determine the outcome of

asthma remain unanswered. Based on the Minimally Invasive Diag-

nostic procedures in allergy, Asthma, or food hypersensitivity Study

(MIDAS) cohort, we have profiled clinical outcomes and inflammatory

biomarkers in relation to allergen‐specific IgE antibody levels (sIgE) in
young asthmatics.9 In the present study, the participants were fol-

lowed up after a median of 43 months (range 23–65) and the changes

in asthma biomarkers over time was determined in order to identify

different asthma phenotypes, and to examine associations with

changes in clinical outcomes.

2 | MATERIALS AND METHODS

2.1 | Subjects

The MIDAS asthma cohort was recruited from primary and specialist

care facilities in Uppsala, Sweden.10,11 The original cohort comprised

408 young subjects with asthma and 118 random healthy control

subjects, aged 10–35 years at baseline. A total of 341 subjects (253

with asthma) were re‐examined at a follow‐up 43 [23–65] months

(median [range]) later. The inclusion criteria were physician‐
diagnosed asthma and daily treatment with an inhaled corticoste-

roid (ICS) and/or an oral leukotriene‐receptor antagonist (LTRA)

during at least 3 of the past 12 months. The present study includes

the 253 asthmatics that participated in both examinations. The

measurements were basically performed all around the year with the

exception of vacation periods (Christmas holidays and the summer

period from the end of June to middle of August).

2.2 | Blood measurements

IgE antibodies were analyzed using two different multiallergen tests,

one with a mix of nine aeroallergens (birch, timothy grass, mugwort,

Dermatophagoides pteronyssinus, Dermatophagoides farinae, Cladospo-

rium herbarum, cat, dog and horse; Phadiatop), and one with a mix of

six food allergens (egg white, cod fish, cow's milk, soybean, wheat and

peanut; fx5).12 Both sIgE and tIgE were measured in the ImmunoCAP

system (Immunodiagnostics, Thermo Fisher Scientific). B‐Eos counts
were analyzed at the Department of Clinical Chemistry and Phar-

macology at Uppsala University Hospital using an automated cell

counter (Cell‐Dyn Sapphire, Abbott).

2.3 | Asthma symptoms and medication

Participants responded to questions regarding their asthma symp-

toms in the last 12 months.13 The degree of asthma control was

assessed using the Asthma Control Test (ACT).14 The total ACT score
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ranges between 5 and 25, with a lower score pointing towards poorer

asthma control. A score ≥20 reflects well‐controlled asthma. The

mini Asthma‐Related Quality of Life Questionnaire (mAQLQ) consists
of 15 questions. The score ranges from 1 to 7, with a lower score

indicating poorer quality of life.15 Asthma attacks were self‐reported,
requiring at least a doubling of ICS, and subjects who were informed

about the treatment of an asthma attack at home, were divided into

those having had a recent (last 3 months) asthma attack and those

who had not. The use of ICS and LTRA was recorded in the in-

terviews. The use of oral corticosteroids characterizing a severe

asthma exacerbation16 was not described, since the asthma attacks

were self‐reported and could not be differentiated into severe and

moderate. Information on the prescribed daily dose of ICS was

collected from each subject's medical records.

2.4 | Lung function

Forced expiratory volume in 1 second (FEV1) was measured using a

Masterscope spirometer (Viasys Healthcare GmbH). Recommenda-

tions from the American Thoracic Society were followed.17 The

percent of predicted values for FEV1 and FEV1/forced vital capacity

(FVC) ratio were calculated on the basis of the Global Lung Function

Initiative (GLI) reference values18

2.5 | Exhaled nitric oxide

FeNO measurements were performed in accordance with the

American Thoracic Society/European Respiratory Society recom-

mendations,19 using a chemiluminescence analyzer (NIOX Flex,

Aerocrine AB). The mean value from three exhalations (or two, if they

were within 10% of each other) was used for statistical analysis. The

analyzer was calibrated every 14 days with certified NO/N2 gas of

200 ppb. The percent of predicted FeNO (FeNO%) was calculated

using recently developed models, separate for males and females but

with children and adults in the same models, adjusted for age and

height,20 similar to GLI‐adjusted lung function (see above).

2.6 | Statistics

All statistical analyses were performed using STATA/IC 13.1 (Stata-

Corp LP). If continuous variables had a distribution skewed to the

right (e.g., FeNO), a geometric mean with a 95% confidence interval

was used for descriptive statistics, and logarithmic transformation

was performed before further analyses. Unpaired t‐tests (for

continuous variables) and chi‐square tests (for categorical variables)

were used for the univariate analyses performed for describing the

asthmatic subjects at baseline and follow‐up visits. The GLI reference
values took both between‐subject and age‐ and height‐related vari-

ability into account. We analyzed longitudinal changes (Δ values:

follow‐up value minus baseline value) in inflammatory (FeNO,

FeNO%, B‐Eos, tIgE, sIgE) and clinical variables (FEV1, FEV1/FVC,

ACT, mAQLQ) between the two visits, based on paired t‐test. Lon-
gitudinal changes in proportions were analyzed by chi‐square test.

Further, we investigated the changes over time of these variables in

relation to sIgE concentrations of either Phadiatop or fx5 at baseline,

by dividing the asthmatics into three groups: elevated (≥0.35 kUA/L),

detectable (0.10–0.34 kUA/L), and undetectable (<0.10 kUA/L) sIgE.

Atopy was defined by the presence of either Phadiatop or fx5 above

0.10 kUA/L. We performed correlation analyses between the Δ values

of different biomarkers, sIgE, and clinical outcomes, using Pearson's

test. Zero values of sIgE concentrations were replaced with the value

0.005 before log transformation. Multiple linear regression models

with ΔFEV1, ΔFEV1/FVC, ΔACT, and ΔmAQLQ as dependent vari-

ables were constructed for estimating coefficient factors. Indepen-

dent variables were ∆B‐Eos count, ∆FeNO% (or ∆FeNO), ∆tIgE (or

∆IgE to Phadiatop and fx5), and the analyses were further adjusted

for gender, change in age (months), weight, smoking, pet ownership,

asthma medication, and ongoing allergen immunotherapy (AIT) at

follow‐up. The influence of sex on the association between Δ values

of inflammatory biomarkers and clinical outcomes was investigated

by interaction analysis. A p value < 0.05 was considered statistically

significant and p < 0.10 indicated a trend.

2.7 | Ethics

The Uppsala Regional Ethical Review Board approved the study

(registration numbers 2009/349 and 2012/420) and all subjects and,

whenappropriate, their legal guardians gavewritten informedconsent.

3 | RESULTS

3.1 | Subject characteristics at baseline and follow‐
up

We compared the clinical and inflammatory variables at baseline and

follow‐up, a median of 43 months later, in 253 young subjects with

asthma. Higher absolute FeNO, lower tIgE, and reduced lung function

were noted at follow‐up (Table 1). However, the increase in FeNO

disappeared after correcting for individual factors (FeNO%).

Furthermore, the subjects had higher ACT and mAQLQ scores, and

less frequently reported recent asthma attacks at follow‐up. The
asthmatics also used more LTRA and were on higher daily doses of

ICS at the follow‐up visit, and the prevalence of any asthma medi-

cation use was lower at baseline compared to follow‐up (85.8% and

86.4%, p = 0.032). A slightly larger proportion of atopic asthmatics

(IgE antibody levels ≥ 0.10 kUA/L) was found at baseline compared to

follow‐up (87.7% vs. 83.3%), but the difference was not significant

(p = 0.210). Almost all (99%) of the atopic asthmatic subjects re-

ported allergic symptoms to either furry animals or pollen (data not

shown). A larger proportion of the asthmatic subjects who were lost

to follow‐up were males and current smokers (Table 2). Mean FeNO
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and B‐Eos count were calculated by month of examination (except

July) with no significant differences between months (data not

shown).

3.2 | Longitudinal changes in clinical and
inflammatory variables stratified by baseline allergen‐
specific IgE antibody levels

We investigated the changes in clinical and biomarker variables

after stratifying the asthmatics according to baseline sIgE concen-

trations (Table 3). A significant increase in both FeNO and FeNO%

was seen in the elevated sIgE group. A significant decline in lung

function was seen in the groups with elevated and detectable sIgE

levels (≥0.10 kUA/L) but not in the group with undetectable sIgE

(<0.10 kUA/L) (Table 3). Furthermore, ACT scores improved

significantly in the elevated sIgE group, and mAQLQ scores

improved in all groups except in the undetectable sIgE group. The

level of tIgE declined in the elevated sIgE group, but not the other

two groups.

3.3 | Association between longitudinal changes in
biomarker and clinical variables

In unadjusted analyses, the longitudinal changes in type‐2 biomarkers
and tIgE intercorrelated significantly with each other (Table 4). In

contrast, changes in sIgE concentrations did not correlatewith changes

in type‐2 biomarkers, and only changes in IgE to Phadiatop correlated
with tIgE. Furthermore, a significant negative correlation between

changes in both B‐Eos and FeNO%, and ΔFEV1/FVC was noted.

We further investigated the relationship between the change in

inflammatory variables and IgE antibodies, and lung function using

different multiple linear regression models adjusted for confounding

factors (sex, change in age, weight, pet ownership, asthma medica-

tion, and smoking, as well as AIT at follow‐up). When analyzing the

whole asthma population (n = 253), an independent relationship was

observed between the changes in FeNO%, and FEV1/FVC (p < 0.01)

and FEV1 (p < 0.05), respectively. Furthermore, these associations

were also observed in a model including only asthmatics with sIgE

levels ≥0.10 kUA/L (n = 224) (Figure 1). Being female was also

independently associated with a larger ∆FEV1 (p = 0.002).

TAB L E 1 Basic characteristics of asthmatic subjects in the MIDAS cohort at baseline and follow‐up after 43 [23–65] months (median
[range])

n = 253 Baseline Follow‐up p value

Female (%) 55.4 ‐ ‐

Age 20.4 � 7.08 23.9 � 7.13 n.r.

Weight 63.5 � 15.9 70.4 � 14.7 n.r.

Height (cm) 166 � 12.5 171 � 9.81 0.223

FeNO (ppb) 15.9 (14.4, 17.5) 18.6 (16.9, 20.4) 0.007

FeNO (%) 111 (107, 115) 116 (112, 120) 0.105

B‐Eos (109/L) 0.179 (0.160, 0.200) 0.174 (0.157, 0.193) 0.116

Phadiatop (kUA/L) 5.32 (3.84, 7.37) 4.49 (3.19, 6.33) 0.001

fx5 (kUA/L) 0.349 (0.262, 0.467) 0.214 (0.155,0.296) <0.001

Total IgE (kU/L) 141 (115, 173) 119 (97.7, 145) 0.004

Current smoker (%) 2.39 4.08 0.318

Pet ownership (%) 29% 24% 0.132

ICS (μg daily) 414 (383, 448) 444 (390, 504) 0.048

LTRA (%) 18.8 21.7 <0.001

ACT 20.6 � 3.26 21.4 � 3.10 0.001

mAQLQ 5.78 � 0.967 5.99 � 0.937 <0.001

FEV1 (%) 95.8 � 13.8 93.6 � 12.3 <0.001

FVC (%) 100 � 12.8 99.7 � 12.1 <0.001

FEV1/FVC (%) 94.7 � 8.59 93.4 � 9.16 <0.001

Recent asthma attacks (%) 48.0 26.6 <0.001

Note: Mean � SD, Geometric mean (95% CI). Phadiatop: Aeroallergen screening test (nine common aeroallergens), fx5: Food allergy screening test (six

common food allergens).

Abbreviations: ACT, Asthma Control Test; B‐Eos, blood eosinophils; FeNO, fraction of exhaled nitric oxide; FEV1, forced expiratory volume in 1 second;

FVC, forced vital capacity; ICS, inhaled corticosteroid; IgE, immunoglobulin E; LTRA, leukotriene‐receptor antagonist; mAQLQ, mini Asthma‐Related
Quality of Life Questionnaire; MIDAS, Minimally Invasive Diagnostic procedures in allergy, Asthma, or food hypersensitivity Study; ppb, parts per billion.
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In similar models using absolute FeNO instead of FeNO%, the

independent association between change in FeNO and lung function

was markedly weakened: FEV1/FVC (p = 0.071) and FEV1 (p = 0.094).

In similar models again, but with baseline values of the type‐2 bio-

markers as independent variables, no significant associations were

seen with changes in lung function. No significant associations be-

tween changes in type‐2 biomarkers, and changes in mAQLQ and

ACT score as dependent variables, were noted in any of the above

model variants. For the above multivariate analyses, replacing ΔtIgE
with ∆sIgE concentrations to Phadiatop and fx5 did not change the

results (data not shown).

3.4 | Sex difference

We divided the analyzed population into females and males and

performed univariate analyses. A significant decline in IgE antibodies

to fx5 was observed in both males and females, whereas IgE to

Phadiatop and total IgE were significantly decreased only in females.

Lung function was the only clinical outcome that was significantly

changed over time in both females and males (Table 5). No significant

change over time was noted in asthma exacerbations, ACT, and

mAQLQ scores when analyzing females and males separately.

In sex‐specific analyses, a negative association between ∆FeNO%
and ∆FEV1 was seen in females (r = −0.24, p = 0.005) but not males

(r = −0.003, p = 0.97), whereas the association between ∆FeNO% and

∆FEV1/FVC became nonsignificant for both sexes. Furthermore, a

significant interaction (p = 0.02) with sex was found for the relation

between changes in FeNO% and changes in FEV1.When repeating the

multiple linear regression analysis in asthmatics with sIgE levels

≥0.10 kUA/L and stratified according to sex, the independent associ-

ation between changes in FeNO% and FEV1 remained in females

(p = 0.002), and a similar interaction with gender was seen (p = 0.02).

4 | DISCUSSION

This study describes the longitudinal changes of clinical and inflam-

matory variables in young asthmatics over a median of 43 months.

Despite improved asthma control, lower prevalence of recent asthma

TAB L E 2 Comparison of baseline
characteristics of asthmatic subjects at
baseline with asthmatic subjects who

dropped‐out in the MIDAS cohort

Baseline n = 253 Drop‐out n = 155 p

Female (%) 55.4 43.9 0.013

Age 20.4 � 7.08 20.5 � 7.04 0.762

Weight (kg) 63.5 � 15.9 64.8 � 16.2 0.299

Height (cm) 166 � 12.5 168 � 12.3 0.121

FeNO (ppb) 15.9 (14.4, 17.5) 14.8 (13.4,16.5) 0.907

FeNO (%) 111 (107, 115) 118 (106,130) 0.686

B‐Eos (109/L) 0.179 (0.160, 0.200) 0.165 (0.147,0.186) 0.926

Phadiatop (kUA/L) 5.32 (3.84, 7.37) 2.29 (1.57,3.35) 0.548

fx5 (kUA/L) 0.349 (0.262, 0.467) 0.197 (0.148,0.263) 0.771

Total IgE (kUA/L) 141 (115, 173) 105 (83.6,132) 0.913

Current smoker (%) 2.39 7.24 0.018

Pet ownership (%) 29% 31% 0.344

ICS (μg daily) 414 (383, 448) 374 (341,410) 0.086

LTRA (%) 18.8 18.8 0.852

ACT 20.6 � 3.26 20.2 � 3.54 0.373

mAQLQ 5.78 � 0.967 5.75 � 0.973 0.773

FEV1 (%) 95.8 � 13.8 92.8 � 13.9 0.756

FVC (%) 100 � 12.8 98.9 � 13.5 0.403

FEV1/FVC (%) 94.7 � 8.59 80.5 � 9.32 0.083

Recent asthma attacks (%) 48.0 44.6 0.496

Note: Mean � SD, Geometric mean (95% CI). Phadiatop: Aeroallergen screening test (nine common

aeroallergens), fx5: Food allergy screening test (six common food allergens).

Abbreviations: ACT, Asthma Control Test; B‐Eos, blood eosinophils; FeNO, fraction of exhaled nitric
oxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICS, inhaled

corticosteroid; IgE, immunoglobulin E; LTRA, leukotriene‐receptor antagonist; mAQLQ, mini
Asthma‐Related Quality of Life Questionnaire; MIDAS, Minimally Invasive Diagnostic procedures in

allergy, Asthma, or food hypersensitivity Study; ppb, parts per billion.
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attacks at follow‐up, and the fact that the asthmatic subjects used

more medication, they were characterized by a small reduction in

lung function. This lung function decline was only seen in patients

with detectable sIgE levels at baseline. Furthermore, an independent

association between an increase in individualized FeNO and lung

function decline was shown within this population of relatively well‐
controlled asthmatic subjects.

The longitudinal data of type‐2 biomarkers revealed an increase

in absolute FeNO. However, it is well‐known that FeNO values

increase in parallel with somatic growth and plateaus after pu-

berty.21 Accordingly, the increase in FeNO disappeared after

adjusting for individual factors including age and height,20 when

looking at the whole sample of asthmatics. However, the stratifi-

cation into subgroups based on the sIgE levels at baseline, revealed

an increase in individualized FeNO in the group with elevated sIgE

levels (≥0.35 kUA/L). This could not be shown in a previous study

with a shorter follow‐up period of 6 months.22 In contrast to FeNO,

tIgE declined in and B‐Eos had a tendency to decline in the

TAB L E 3 Mean Δ values of clinical
variables and inflammatory biomarkers
in asthmatic subjects in different groups

based on baseline IgE‐antibody
concentrations (sIgE – either Phadiatop
or fx5)

IgE ≥ 0.35 kUA/L
(n = 202)

IgE 0.10–0.34 kUA/L
(n = 22)

IgE < 0.10 kUA/L
(n = 29)

Δ (mean) p Δ (mean) p Δ (mean) p

FeNO (%) +16.8 0.046 +9.65 0.251 +9.75 0.509

FeNO (ppb) +7.76 0.011 +1.78 0.105 +4.14 0.669

B‐Eos (109/L) −0.021 0.067 +0.016 0.506 −0.017 0.915

FEV1 (%) −1.89 0.010 −6.02 0.006 −1.59 0.509

FEV1/FVC −1.11 0.047 −3.43 <0.001 −1.20 0.413

ACT +0.835 0.005 +1.54 0.156 +0.931 0.202

mAQLQ +0.145 0.016 +0.590 0.003 +0.254 0.217

Total IgE (kU/L) −105 0.042 −5.20 0.558 −2.62 0.405

Phadiatop (kUA/L) −7.14 0.001 −0.231 0.933 ‐ n.r

fx5 (kUA/L) −1.14 <0.001 −0.035 <0.001 ‐ n.r

ICS (μg) +88 0.152 +160 0.106 +75 0.168

LTRA (%) +7.51 0.081 +4.92 0.233 +7.66 0.296

Note: p values from comparison of baseline and follow‐up values (paired t‐test).
Abbreviations: ACT, Asthma Control Test; B‐Eos, blood eosinophils; FeNO, fraction of exhaled nitric
oxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICS, inhaled

corticosteroid; IgE, immunoglobulin E; LTRA, leukotriene‐receptor antagonist; mAQLQ, mini
Asthma‐Related Quality of Life Questionnaire; n.r, non‐relevant; ppb, parts per billion; sIgE, allergen‐
specific IgE antibodies.

TAB L E 4 Correlations between Δ
values of clinical and inflammatory
biomarkers in asthmatic subjects

n = 253 FeNO (%) FeNO (ppb) B‐Eos Total IgE Phadiatop fx5

FeNO (%) ‐ 0.973** 0.301** 0.162* 0.016 −0.024

FeNO (ppb) 0.973** ‐ 0.273** 0.049 0.037 −0.017

B‐Eos 0.301** 0.273** ‐ 0.308** 0.018 0.026

Total IgE 0.162* 0.049 0.308** ‐ 0.578** 0.157

Phadiatop 0.016 0.037 0.018 0.578** ‐ 0.308

fx5 −0.024 −0.017 0.026 0.157 0.308 ‐

ACT −0.029 −0.022 0.088 −0.025 0.014 −0.004

mAQLQ 0.125 0.180 0.031 0.003 0.001 −0.087

FEV1 (%) −0.134* −0.070 −0.079 −0.032 0.100 0.239

FEV1/FVC −0.056* −0.167** −0.175* 0.004 0.110 0.105

Abbreviations: ACT, Asthma Control Test; B‐Eos, blood eosinophils; FeNO, fraction of exhaled nitric
oxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IgE, immunoglobulin E;

mAQLQ, mini Asthma‐Related Quality of Life Questionnaire; ppb, parts per billion.

*p < 0.05, **p < 0.001.
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subgroup with elevated sIgE but not in the groups with lower sIgE

levels at baseline. FeNO has previously been suggested to be a

reliable marker in the longitudinal assessment of asthma control,

particularly in subjects with low doses of ICS, but the ability of

FeNO to predict asthma control appears weakened at higher ICS

doses.3 This finding is in line with our data where, in the context of

increased asthma medication at the follow‐up, no correlation was

F I GUR E 1 Coefficient factors (beta(95% CI)) for change in
inflammatory biomarkers in relation to change in forced expiratory

volume in 1 second (FEV1) and FEV1/forced vital capacity in
multiple regression analysis performed in asthmatic subjects
(IgE ≥ 0.10 kUA/L; n = 224). Results were also adjusted for gender,
change in age (months), weight, pet ownership, asthma medication,

and smoking, and allergen immunotherapy at follow‐up. *p < 0.05,
**p < 0.01
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observed between the change in individualized FeNO, and ACT and

mAQLQ scores.

Aging may generally be related to a decline in tIgE. In a recent

large population‐based study of adults, a reduction in tIgE with

increasing age was observed regardless of the age at baseline,23

which appears to be consistent with our data. One possible expla-

nation for this could be the age‐associated alterations of the immune
system leading to a depression of T‐cell function.24 Although both T

cells and B cells are involved in the onset of atopy and the regulation

of IgE formation, it is unknown to what extent this regulation is T cell

dependent.25,26 In our study, the stratification according to sIgE

levels at baseline showed that higher sIgE levels were more likely to

predict a decline in tIgE over time. A reduction in the prevalence of

IgE sensitization and possible allergen avoidance might also have

influenced tIgE as the cohort aged. Evidence supporting our data

comes from a large cross‐sectional study where tIgE was highest

among young children (aged 6–9 years), and decreased progressively

as a function of age.27 Our findings though contrast with Patelis et al.,

who showed that tIgE increased in adults, aged 20–45 years at

baseline, in a large cohort followed up after 9 years.28 However, we

have to take into consideration that our cohort involved younger

subjects, including children and adolescents.

Another important observation derived from the stratification

into different sIgE groups was that a significant reduction in lung

function over time was seen in the elevated and detectable sIgE

groups but was absent in the group with undetectable sIgE. This

finding is supported by our recent study, highlighting the presence of

clinically significant type‐2 inflammation in patients with low but

detectable sIgE levels (0.10–0.34 kUA/L) but not in patients with

undetectable sIgE.9 The cut‐off of 0.10 kUA/L for ruling out IgE

sensitization used in this study contrasts with clinical routine where a

higher cut‐off level of 0.35 kUA/L or a wheal diameter for skin prick

test greater than 3 mm is commonly used for defining atopy. How-

ever, a lower cut‐off of >0 mm for skin prick tests seems to increase

the sensitivity for identifying IgE sensitization, applicable though

primarily in epidemiological studies.29

According to earlier longitudinal studies, a high level of tIgE

measured at baseline has been related to reduced lung function, but

attempts have failed to link the deterioration of lung function over

time to baseline tIgE, implying that other factors drive lung function

decline in asthmatic subjects.7,30 In agreement with these studies, we

could not see any independent associations between changes in lung

function and changes in tIgE. The relationship between longitudinal

changes in lung function and B‐Eos count, a biomarker of systemic

type‐2 inflammation, has scarcely been studied, but it was recently

suggested that there is only a weak relationship between B‐Eos and
decline in lung function.31

In contrast, we were able to show an independent association

between the change in individualized FeNO and lung function decline,

when introducing FeNO%, B‐Eos count and tIgE in the same multi-

variate models. Previous studies have shown a correlation between

elevated baseline FeNO and accelerated lung function decline over

5 years, whereas the correlation with baseline sputum eosinophil

count was less consistent.32,33 However, the independence of these

correlations was not tested in those studies, and we could not find

any independent associations between the baseline level of any type‐
2 biomarker and lung function decline in our study.

With regard to lung function decline over time, we have to take

into account the normal aging process in the lungs including the loss

of elastic recoil, alterations in gas exchange and a lung growth rate

which decelerates by the age of 20–25 years.34,35 However, lung

function variables were adjusted according to GLI, with seamless

reference equations throughout the entire age range.18 Thus, the

changes in lung function reported here should be considered accel-

erated decline on top of normal physiological changes.

We hypothesize that the higher asthma medication use noted in

our asthmatic subjects at the 43‐month follow‐up visit, could be a

study effect in the form of improved medication adherence. In addi-

tion, the transition from childhood to adulthood asthma as the cohort

aged, including a faster decline in lung function and appearance of new

trigger factors such as pharmaceutical and occupational agents,36,37

might also contribute to explaining the higher use of asthma medica-

tion to attain adequate asthma control. Moreover, and according to

guidelines, adults require higher ICS daily doses than children in

maintenance treatment. It has previously been reported that the use of

ICS may reduce the lung function decline in males, but not females,

with moderate to severe asthma.38 In agreement with this, the asso-

ciation between lung function decline and individualized FeNO was

observed only in female asthmatics. Our findings that males had higher

sIgE concentrations to aeroallergens, and that these antibody levels

declined in females but not males, is consistent with the general view

that atopy is a more important risk factor for asthma in males

compared to females among young subjects.39 Interestingly, individ-

ualized FeNO increased while sIgE concentrations decreased during

the study. Many studies have shown a correlation between the degree

of IgE sensitization and FeNO.40 Our data indicate that clinically

relevant mucosal type‐2 inflammation can worsen even though sIgE

concentrations decrease. However, the proportion of asthmatics with

detectable sIgE levels was not significantly changed during the study.

We chose to include also IgE to food allergens in the present

study. This was based on previous findings that food allergens can

cause both acute and late‐phase airway reactions via the inhalational
route in food‐allergic individuals,41 and that food IgE sensitization

associates with both FeNO and B‐Eos count, independently of aer-

oallergen sensitization.10

A strength of our study was the relatively long follow‐up period,

a median of 43 months, and our study benefits from the mixed

recruitment of young asthmatics from both primary and specialist

care. Another strength of this study was the application of individu-

alized FeNO based on a model similar to GLI‐adjusted lung function.

Furthermore, this is, to our knowledge, the first longitudinal study

assessing sIgE levels against food and aeroallergens, total IgE and

type‐2 biomarkers, and the association with clinical changes, in pa-

tients with asthma. A limitation of the study could be the follow‐up
rate of 62%, which may have resulted in selection bias. However,

those lost to follow‐up differed from the included subjects only by

having a larger proportion of males and current smokers, findings in

line with similar studies.42

8 of 10 - TSOLAKIS ET AL.



In conclusion, in this cohort of young asthmatics followed over a

median of 43 months, IgE was reduced, but B‐Eos and FeNO

remained unchanged during the observation period. An accelerated

lung function decline was seen in subjects with detectable sIgE levels

(≥0.10 kUΑ/L) but not in subjects with undetectable sIgE. An inde-

pendent association between increase in individualized FeNO and

lung function decline was seen in female asthmatics. Our findings

suggest that exhaled NO signals for inflammatory mechanisms

closely related to accelerated lung function decline independent of

IgE levels and B‐Eos count.
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