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Abstract

Background: Allergic disease is common. The aim of this study was to look at the

change in asthma and rhinitis over time and to characterise factors contributing to

remission and persistence of disease.

Methods: This cohort study included 255 individuals with or without asthma and or

rhinitis that participated in a population survey and a follow‐up 10 years later. The

participants were tested for allergic sensitisation, total IgE, multiplex allergen

component analysis and type‐2 inflammatory markers: exhaled nitric oxide (FENO),

eosinophil cationic protein (ECP) and eosinophil‐derived neurotoxin (EDN).

Results: Of the 132 healthy individuals, 112 remained healthy, 16 developed

rhinitis, 4 asthma and rhinitis over the 10 years. Out of 82 subjects with rhinitis, 26

went into remission, 53 remained unchanged and 3 developed asthma in addition to

rhinitis. None of the 41 participants with asthma and rhinitis went into remission.

Subjects with persistent rhinitis and asthma had higher levels of total IgE (odds ratio

[OR] 95% confidence interval [CI]: 6.16 [3.05–12.5]) at baseline and after 10 years,

and FENO and ECP at baseline (OR per log unit increase, 95% CI 5.21 [1.20–22.7]

and 6.32 [1.52–26.4], respectively), compared with those that remained healthy.

Subjects with persistent rhinitis were more likely to be sensitised to grass pollen

and had higher total IgE levels than those that went into remission. Individuals with

persistent asthma were more likely to be sensitised to tree pollen and furry animals

than those with only persistent rhinitis (OR 95% CI: 3.50 [1.29–9.49] and 6.73

[2.00–22.6], respectively).

Conclusion: IgE sensitisation and total IgE levels are associated with the persistence

of rhinitis and asthma. Participants with persistent allergic disease had higher levels

of allergen sensitisation and type 2 inflammation markers at baseline than those

who remained healthy.

K E YWORD S

asthma, ENT, epidemiology

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.

© 2023 The Authors. Clinical and Translational Allergy published by John Wiley & Sons Ltd on behalf of European Academy of Allergy and Clinical Immunology.

Clin Transl Allergy. 2023;e12240. wileyonlinelibrary.com/journal/clt2 - 1 of 10

https://doi.org/10.1002/clt2.12240

https://doi.org/10.1002/clt2.12240
https://orcid.org/0000-0002-9172-9555
https://orcid.org/0000-0002-4098-7765
mailto:viiu.blondal@medsci.uu.se
https://orcid.org/0000-0002-9172-9555
https://orcid.org/0000-0002-4098-7765
http://creativecommons.org/licenses/by/4.0/
https://onlinelibrary.wiley.com/journal/20457022
https://doi.org/10.1002/clt2.12240


1 | BACKGROUND

Allergic sensitisation and disease are common.1–3 Furthermore, many

have a combination of rhinitis, asthma and eczema or all three.4–6 Not

much information is available on how allergic disease and multi-

morbidity change over time and if there are predictors for possible

remission and continued or new onset of disease.

Remission of asthma seems to be more likely in children than

adults.7,8 Factors previously negatively associated with remission of

rhinitis and asthma seem to be heredity for allergy, allergen sensiti-

sation and allergic multimorbidity.9 Persistent allergen sensitisation

is associated with continued allergic disease10 and allergic sensiti-

sation in childhood is a risk factor for developing allergic disease later

in life.9,11

It is unclear if type2 inflammation plays a role in persistent

allergic diseases. Higher total immunoglobulin E (IgE) levels have

previously been associated with elevated levels of positive specific

IgE tests as well as allergic disease and multimorbidity.12–14 Elevated

levels of exhaled nitric oxide (FENO) are seen in allergic rhinitis and

asthma but also in people with allergic multimorbidity.15 Higher

levels of FENO have been described as predictive of future rhinitis16

and asthma.17,18 Eosinophil cationic protein (ECP) and eosinophil‐
derived neurotoxin (EDN) are eosinophil activation markers, and

higher levels of eosinophils have been described in both allergic

sensitisation and allergic disease.19 Previous studies suggest that

those with asthma or rhinitis have higher levels of eosinophilic

inflammation, both in terms of ECP and EDN, compared with healthy

individuals.20,21 There is some evidence that ECP and EDN are

associated with asthma severity.22 Information on eosinophil acti-

vation markers as predictors for developing asthma or rhinitis is

scarce.

The aim of this study was to look at the change in allergic

disease over time and to better characterise factors contributing to

remission or persistent disease with the help of background factors,

lung function, allergic sensitisation and type‐2 inflammation

markers.

2 | METHODS

2.1 | Study population

The study was based on participants from the European Community

Respiratory Health Survey (ECRHS), a multicentre study with three

visits: 1991–1992, 1999–2000 and 2011–2012. The study design of

ECRHS I, II and III has been published before.23 Potential partici-

pants were sent a brief questionnaire in stage 1, and a random

sample of those that responded was invited for a more detailed

clinical examination (Stage 2). Additional subjects who reported

symptoms of waking with shortness of breath, asthma attacks or

using asthma medication in Stage 1 were also included. Individuals

who participated in ECRHS I were invited to participate in ECRHS II

and later in ECRHS III. The subjects answered a standardised

questionnaire with the help of trained interviewers. The partici-

pants underwent lung function and blood tests to analyse inflam-

matory markers. In Uppsala, 824 individuals participated in ECRHS

I, and 679 in ECRHS II and of these specific IgE measurements

using microarray chip technology was done in 475. ECHRS III

comprised 422 participants. This study included 255 individuals

participating in both ECRHS II and ECRHS III, where specific IgE

measurement was done in ECRHS II (Figure 1). The participants

were grouped in terms of the presence or absence of rhinitis and

asthma in ECRHS II and 10 years later in ECRHS III (Figure 2). In

this grouping six individuals, that made up 4.6% of all participants

with only asthma and no rhinitis, were excluded due to small

sample size.

2.2 | Questionnaires

The ECRHS II and ECRHS III main questionnaires (http://www.ecrhs.

org)24 were used to obtain information about background factors,

smoking history, parental allergy and asthma.

Rhinitis was defined as having had problems sneezing, or a runny

or blocked nose when not having a cold in the last 12 months.25

Asthma was defined as ever being diagnosed with asthma and

having had an asthma attack and one of the following symptoms

during the past 12 months: nocturnal cough, attacks of breathless-

ness during rest, following activity or at night, chest wheezing, or

whistling, taking asthma medication.26

F I GUR E 1 Study participants, European Community
Respiratory Health Survey (ECRHS), part II and III.
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Eczema was defined as having an itchy rash that came and went

for at least 6 months and having had this problem within the past

12 months.27

2.3 | Allergy testing

The presence of IgE antibodies was examined using microarray chip

technology (ImmunoCAP ISAC; Thermo Fischer Scientific, Uppsala,

Sweden).28,29 The chip had 103 native or recombinant allergen

components from 43 allergen sources. Specific IgE was reported as

ISAC Standardised Units (ISU), which is a semi‐quantitative estimate

of the actual specific IgE levels. Subjects were regarded as being non‐
IgE sensitised if the signal could not be measured or was very low

(<0.3 ISU). Allergen component analysis was performed in 475 in-

dividuals in ECRHS II. All 255 participants in this study had allergen

component analysis available for ECRHS II.

2.4 | Inflammatory markers

Total serum IgE for both ECRHS II and III was measured using the

Pharmacia CAP system (Uppsala, Sweden). Total IgE was available for

470 individuals in ECRHS II and 351 in ECRHS III. Of the participants in

our study 248 had results available in ECRHS II and 217 in ECHRS III.

FENO measurements were made using an exhalation flow rate of

50 ml/s.30 The system used for NO measurements in ECRHS II was a

computer‐based single‐breath NO system from Nitrograf (Hässelby,

Sweden) that used a chemiluminescence analyser (Sievers NOA 280;

Sievers, Boulder, Col, USA). In ECRHS III, FENO was measured using

an electrochemical analyser (NIOX MINO; Aerocrine AB).31 FENO

was measured in 288 people in ECRHS II and 361 in ECRHS III. In the

current study, 156 participants had available results in ECRHS II and

223 in ECRHS III.

Blood samples were collected for ECP. Samples were kept at 24°

C for 60 min before centrifugation. In ECRHS II, the concentration of

serum ECP was assayed with Pharmacia ECP RIA (Pharmacia Di-

agnostics) and in ECRHS III, with ImmunoCAP ECP (Thermo Fischer

Scientific). ECRHS III also included blood samples for serum EDN,

which were measured using an ImmunoCAP research assay.32 ECP

was analysed in 409 individuals in ECRHS II and ECP and EDN in 321

people in ECRHS III. In the current study 212 participants had ECP

available in ECRHS II and 207 had ECP and EDN available in

ECRHS III.

2.5 | Lung function

Forced expiratory volume in one second (FEV1) was measured

in ECRHS II using a dry rolling‐seal spirometer (Model 2130;

SensorMedics, Anaheim, Cal, USA). Up to five technically acceptable

manoeuvres were measured. American Thoracic Society recommen-

dations were followed.33 The predicted values for FEV1 were calcu-

lated on the basis of European Coal and Steel Union reference

values.34 Weight and height were measured, and body mass index

(BMI) was calculated.

2.6 | Statistical methods

Statistical analyses were performed using STATA (14.2; StataCorp,

College Station, Tex). Non‐normally distributed variables, FENO, total

IgE and ECP, EDN were log‐transformed before analysis. The χ2 test

or Fishers' exact test, in case of low prevalence in groups (<5 in-

dividuals), and analysis of variance (ANOVA) with Bonferroni

correction were used when comparing groups. Logistic regression

and multinominal logistic regression were used in the multivariable

analysis. A p‐value of <0.05 was considered statistically significant.

F I GUR E 2 Change in allergic
multimorbidity over 10 years, presented in

numbers (%).
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2.7 | Ethics

The study was approved by the Regional Ethical Review Board in

Uppsala, Sweden (Dnr for ECHRS II and III was 1999/313, 2010/068

respectively). Informed consent was obtained from all individual

participants included in the study.

3 | RESULTS

Over 10 years, comparing ECRHS II and ECRHS III, we found that of

the 132 healthy individuals at baseline, 112 remained healthy, 16

developed rhinitis and 4 asthma and rhinitis (Figure 2). Out of 82

subjects with rhinitis, 26 went into remission, 53 remained unchanged

and 3 developed asthma in addition to rhinitis (Figure 2). None of the

41 participants with asthma and rhinitis went into remission.

Participants with persistent rhinitis and asthma were younger

compared with healthy individuals (Table 1). Subjects with persis-

tent disease were likelier to have heredity for allergic disease and

asthma. Individuals with persistent disease, but mainly concomitant

asthma and rhinitis, had lower lung function at inclusion in ECRHS

II. No difference was seen with regard to gender, BMI or smoking

status.

3.1 | Sensitisation

Participants with persistent rhinitis were more likely to be sensitised

to any allergen, food of plant origin, grass and tree pollen at baseline

(Tables 2 and 3) than individuals that were healthy both at baseline

and at follow‐up. Subjects with persistent rhinitis were more likely to

be sensitised to grass pollen than those that went into remission

(Table 3, Figure 3). Individuals with persistent asthma were more

likely to be sensitised to tree pollen and furry animals than those with

only persistent rhinitis (Table 4, Figure 3).

3.2 | Inflammatory markers

Participants with persistent rhinitis had higher levels of total IgE in

ECRHS II and 10 years later in ECRHS III, compared with both

healthy individuals and those with remission of rhinitis (Table 3,

TAB L E 1 Demographics, background factors and lung function in ECRHS II. Grouped according to disease status in ECRHS II and III,
mean � SD and n (%).a

Healthy

(n = 112)

New onset rhinitis

(n = 16)

Remission of rhinitis

(n = 26)

Persistent rhinitis

(n = 53)

Persistent rhinitis

and asthma (n = 41) p‐value

Age (years) 44 � 7 43.8 � 8 41.4 � 7 43.4 � 7 39.2 � 7 0.006

Woman 52 (46) 4 (25) 14 (54) 23 (43) 22 (54) 0.332

FEV1 (%pred) 108.4 � 12 104.6 � 17 109.1 � 11 108.7 � 14 96.9 � 16 <0.001

BMI (kg/m2) 25 � 4 26 � 5 23 � 3 24.8 � 5 25 � 4 0.536

Eczema during the last

12 months

14 (13) 6 (38) 9 (35) 10 (19) 16 (40) 0.001

Never smokers 55 (49) 11 (69) 17 (65) 25 (47) 28 (68) 0.074

Ex‐smokers 47 (42) 3 (19) 6 (23) 24 (45) 7 (17)

Current smokers 10 (9) 2 (13) 3 (12) 4 (8) 6 (15)

Total IgEb 20.2 (16.2–25.2) 43.9 (19.2–100.5) 23.8 (12–43.5) 47.3 (32.7–68.3) 115 (76.2–173) <0.001

ECPb 6.97 (6.24–7.79) 6.19 (4.13–9.29) 7.33 (5.47–9.83) 8.93 (7.29–10.9) 8.62 (7.31–10.2) 0.075

Heredity for allergy 0.036

No heredity 69 (53) 9 (7) 15 (12) 26 (20) 12 (9)

Heredity from 1 parent 38 (38) 7 (7) 10 (10) 23 (23) 23 (23)

Heredity from both parents 5 (31) 0 1 (6) 4 (25) 6 (38)

Heredity for asthma 0.005

No heredity 102 (49) 15 (7) 19 (9) 44 (21) 28 (13)

Heredity from 1 parent 10 (25) 1 (3) 7 (18) 9 (23) 13 (33)

Heredity from both parents No observations

Abbreviations: ECP, eosinophil cationic protein; ECRHS, European Community Respiratory Health Survey; IgE, immunoglobulin E.
aA total of seven individuals were not included in the table due to the small group size. (Healthy developing rhinitis/asthma n = 4, rhinitis developing

rhinitis/asthma n = 3).
bPresented as geometric mean and 95% confidence interval.
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online supplement Table 1E, online supplement Figure 1E). Levels of

ECP were elevated at baseline when comparing healthy individuals

with those with persistent rhinitis (Table 3). Subjects with persistent

rhinitis and asthma had higher levels of FENO at baseline than those

with only persistent rhinitis (Table 4). Subjects with persistent rhinitis

and asthma had higher levels of total IgE at baseline and after

10 years, as well as FENO and ECP at baseline, compared with those

that remained healthy (Online supplement Table 2E). No difference

was seen in FENO, ECP and EDN in ECRHS III between those with

persistent rhinitis and those that went into remission or remained

healthy (Table 3, online supplement Figure 1E). The above‐mentioned

findings persisted after adjusting for age, FEV1, eczema and allergic

heredity (Tables 3 and 4 and Online supplement Table 2E).

4 | DISCUSSION

Our main findings were that those with persistent rhinitis over

10 years were more likely to be sensitised to allergens and have

higher specific IgE levels to allergen components than those that

remained healthy or went into remission. Subjects with persistent

rhinitis had higher levels of total IgE both at baseline and after

10 years compared with those that remained healthy or went into

remission. Those with persistent rhinitis had higher levels of ECP at

baseline compared with individuals that remained healthy. Partici-

pants with persistent asthma had higher levels of FENO at baseline

compared with those with persistent rhinitis. In the study, those with

asthma and rhinitis retained their disease status over time. In

contrast, some change was seen among individuals that were initially

healthy or only had rhinitis at baseline.

4.1 | Allergic sensitisation

In the present study, persistent rhinitis was associated with allergic

sensitisation and a higher number and level of sensitisation to allergen

components. It has previously been observed that remission of allergic

rhinitis or asthma is more frequent in those with lower levels of

allergen‐specific IgE antibodies.35–37 We found that both seasonal and

perennial allergen sensitisation was associated with persistent allergic

disease. Some studies note sensitisation to seasonal allergens as being

more important in continued allergic rhinitis,35 whilst others also

found an association with perennial allergens.36

Treatment with allergen‐specific immunotherapy in childhood

has previously been shown to reduce the development of allergic

disease later in life.38 Allergen immunotherapy has been shown to

reduce symptoms of allergic rhinitis and asthma and use of medica-

tion, sometimes down to no medication at all.39

4.2 | Type 2 inflammation

We found that total IgE levels both at baseline and after 10 years

were higher among those with persistent rhinitis than those that

remained healthy or went into remission. It has previously been

shown that those with allergic rhinitis have higher total IgE levels

TAB L E 2 Sensitisation at ECRHS II to allergen groups in terms of change in allergic multimorbidity over a 10‐year period, presented in n
(%).a

Healthy
(n = 112)

New onset of
rhinitis (n = 16)

Remission of
rhinitis (n = 26)

Persistent
rhinitis (n = 53)

Persistent rhinitis
and asthma (n = 41) p‐value

Foods of plant origin 16 (14.3) 2 (12.5) 6 (23.1) 17 (32.1) 20 (48.8) <0.001

Foods of animal origin 2 (1.8) 1 (6.3) 0 0 1 (2.4) 0.358

Grass pollen 3 (2.7) 4 (25) 1 (3.9) 13 (24.5) 21 (51.2) <0.001

Tree pollen 6 (5.4) 7 (43.8) 4 (15.4) 17 (32.1) 26 (63.4) <0.001

Weed pollen 2 (1.8) 0 2 (7.7) 5 (9.4) 4 (9.8) 0.066

Furry animals 1 (0.9) 1 (6.3) 1 (3.9) 6 (11.3) 19 (46.3) <0.001

Mites 0 1 (6.3) 3 (11.5) 1 (1.9) 0 0.003

Mould 0 0 1 (3.9) 0 5 (12.2) 0.001

Cockroach 2 (1.8) 0 0 1 (1.9) 0 1

Latex 0 1 (6.3) 3 (11.5) 1 (1.9) 0 0.003

Other 0 2 (12.5) 0 1 (1.9) 5 (12.2) <0.001

Sensitised to any allergen 24 (21.4) 10 (62.5) 11 (42.3) 31 (58.5) 31 (75.6) <0.001

Number of positive components,

median (IQ range)

0 1 (0–4) 0 (0–1) 1 (0–4) 5 (0.5–10) <0.001

Abbreviation: ECRHS, European Community Respiratory Health Survey.
aA total of seven individuals were not included in the table due to the small group size. (Healthy developing rhinitis/asthma n = 4, rhinitis developing

rhinitis/asthma n = 3).
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compared with healthy individuals.40,41 Elevated levels of total IgE in

cord blood at birth have been described as a risk factor for devel-

oping asthma and rhinitis later in life.42,43 Elevated total IgE in early

childhood has been associated with food and mite sensitisation and a

higher risk for developing asthma and rhinitis later in childhood.44

Little data exists on the predictive value of total IgE on retaining

allergic rhinitis in adulthood.

We found that elevated levels of ECP at baseline correlated with

persistent rhinitis compared with those that remained healthy. A

small study showed high levels of both ECP and eosinophil peroxi-

dase as predictive for the future development of asthma among those

with allergic rhinitis.45 To our knowledge, no information on ECP as a

predictive biomarker for persistent rhinitis is available.

FENO at baseline was higher among those with persistent

asthma than those with persistent rhinitis. It has previously been

shown that individuals with asthma have higher levels of FENO than

those with only rhinitis.40 We also found that participants with

persistent allergic disease had a higher baseline FENO than those

that remained healthy. Elevated levels of FENO have been associated

with both persistent and new onset rhinitis as well as the develop-

ment of asthma over time.16,46

There was no group difference in EDN levels in ECRHS III. It has

previously been described that elevated levels of EDN in children

with wheezing could predict the later development of asthma.21

Unfortunately, no serum EDN was measured in ECRHS II.

4.3 | Age and heredity

We found that those with persistent asthma and rhinitis were more

likely to be younger and have heredity for both allergy and asthma.

Previous studies have shown that remission of adult‐onset asthma is

rare,7 whereas asthma starting before age 10 is more likely to go into

remission.8 A positive family history for allergic disease is a known

TAB L E 3 Multivariable analysis comparing healthy participants with those with persistent rhinitis and those with remission of rhinitis,
presented as risk ratio, 95% confidence interval.

Remission of rhinitis, n = 26 Persistent rhinitis, n = 53 p‐valuea

Ageb 0.97 (0.91–1.03) 1 (0.96–1.06) 0.25

FEV1%b,c 0.99 (0.68–1.44) 1.05 (0.78–1.41) 0.78

Eczemab 3.29 (1.17–9.22) 1.53 (0.59–4.01) 0.18

No heredity for allergyb 1 1

Heredity from one parentb 0.93 (0.36–2.39) 1.35 (0.64–2.84) 0.47

Heredity from both parentsb 0.88 (0.09–8.72) 1.94 (0.43–8.75) 0.51

Sensitisation to foods of plant origin, E2d 1.79 (0.59–5.42) 2.98 (1.32–6.74) 0.37

Sensitisation to grass pollen, E2d 1.22 (0.12–12.7) 11.9 (3.16–45.1) 0.04

Sensitisation to tree pollen, E2d 2.62 (6.42–10.7) 7.96 (2.85–22.3) 0.09

Sensitisation to weed pollen, E2d 3.15 (0.38–26.3) 5.36 (0.98–29.2) 0.57

Sensitisation to furry animals, E2d 3.11 (0.17–55.1) 13.8 (1.58–120.3) 0.20

Sensitised to any allergen, E2d 2.61 (1.02–6.64) 5.22 (2.53–10.8) 0.17

Total IgE E2d (per one log unit increase) 1.41 (0.62–3.2) 4.07 (1.99–8.32) 0.02

Total IgE E3d (per one log unit increase) 1.3 (0.61–2.77) 3.45 (1.74–6.84) 0.03

FENO E2d (per one log unit increase) 2.51 (0.32–19.9) 2.13 (0.41–11.1) 0.89

FENO E3d (per one log unit increase) 0.69 (0.09–5.42) 1.88 (0.34–10.4) 0.40

ECP E2d (per one log unit increase) 1.90 (0.29–12.6) 6.80 (1.35–34.2) 0.25

ECP E3d (per one log unit increase) 1.09 (0.23–5.16) 0.99 (0.28–3.56) 0.92

EDN E3d (per one log unit increase) 1.33 (0.24–7.36) 1.36 (0.34–5.50) 0.98

Note: Inflammatory markers were log transformed.

Abbreviations: E2, European community respiratory health survey II; E3, European community respiratory health survey III; ECP, eosinophil cationic

protein; EDN, eosinophil derived neurotoxin; FENO, exhaled nitric oxide; IgE, immunoglobulin E.
ap‐value when comparing those with remission with those with persistent rhinitis.
bAdjusted for age, FEV1, current eczema, heredity for allergy and being sensitised to any allergen.
cChange calculated in 10% decrease intervals in FEV1.
dAdjusted for age, FEV1, current eczema, heredity for allergy.
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risk factor for having allergic rhinitis and asthma15 and is described

to be negatively associated with remission.8,47,48

Those with persistent asthma and rhinitis had lower lung func-

tion. It has previously been shown that asthmatics with nasal disease

have lower lung function.49

4.4 | Strengths and weaknesses

The study is population‐based and longitudinal, enabling comparison

of the same individuals over time. Trained investigators conducted

interviews. An extensive specific IgE analysis was performed using

F I GUR E 3 Sensitisation to allergen components according to microarray chip technology (ImmunoCAP ISAC) in ECRHS II regarding the
change in rhinitis and asthma. Yellow < 0.3–1 ISU; orange 1–15 ISU; red > 15 ISU.
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multiplex allergen component analysis which minimises the risk of

missing allergen sensitisations.

Incorporating asthma diagnosis into the definition can be

considered both a strength and weakness, as we likely include true

asthmatics but might have missed some individuals who have asthma

but lack a formal diagnosis.

A limitation is that the group categorisation was based on self‐
reported data, and the relatively small sample size could affect the

statistical results. Type‐2 inflammation markers were not avail-

able for all participants, and EDN levels were not available in

ECRHS II for comparison at baseline. Different measuring devices

were used for FENO in ECRHS II and ECRHS III, which might impact

the results.

5 | CONCLUSION

IgE sensitisation and total IgE levels are associated with persistence of

rhinitis and having both asthma and rhinitis. Participants with persis-

tent allergic disease had higher levels of allergen sensitisation and type

2 inflammation markers at baseline compared with those that

remained healthy. Identifying individuals at risk for continued rhinitis

and asthma allows clinicians to better plan follow‐up appointments

and improve the selection of patients who might benefit from allergen

immunotherapy or treatments targeting type‐2 inflammation.

AUTHOR CONTRIBUTIONS

Viiu Blöndal drafted the manuscript, performed the data analysis and

interpretation with the help of Christer Janson. Christer Janson,

Fredrik Sundbom, Andrei Malinovschi, Kjell Alving, Marieann Hög-

man, Magnus P. Borres, Robert Movérare and Xingwu Zhou reviewed

the manuscript. Xingwu Zhou made Figure 3. All authors read and

approved the final manuscript.

ACKNOWLEDGEMENTS

This study was financially supported by the Swedish Agency for

Innovation Systems, the Swedish Heart and Lung Foundation, the

Vårdal Foundation for Health Care Science and Allergy Research, the

Swedish Association Against Asthma and Allergy, Thermofisher Sci-

entific (Sweden), Agnes and Mac Rudberg's Foundation and the Bror

Hjerpstedt Foundation.

CONFLICT OF INTEREST STATEMENT

Magnus P. Borres and Robert Movérare are affiliated with Thermo-

fisher Scientific (Sweden) that also provided financial support for this

study. Kjell Alving received research material from Hemocue AB,

Thermo Fisker Scientific, NIOX Group Plc. No other author has re-

ported any conflict of interest.

DATA AVAILABILITY STATEMENT

The dataset is held and managed by the Department of Medical

Sciences, Uppsala University, Uppsala, Sweden. Data cannot be made

freely available as they are subject to secrecy in accordance with the

Swedish Public Access to Information and Secrecy Act, but can be

made available to researchers upon request (subject to a review of

secrecy). Requests for data can be sent to the Unit for Respiratory,

Allergy and Sleep Research at the University Hospital in Uppsala

lungforskning@akademiska.se.

ORCID

Viiu Blöndal https://orcid.org/0000-0002-9172-9555

Andrei Malinovschi https://orcid.org/0000-0002-4098-7765

REFERENCES

1. Gellrich D, Eder K, Englhard AS, Groger M. Trends in aeroallergen

sensitization in Germany ‐ an analysis of 2919 serological data sets of

a university ENT department. Acta Otolaryngol. 2020;140(5):406‐412.

https://doi.org/10.1080/00016489.2020.1721559

TAB L E 4 Multivariable analysis comparing those with
persistent rhinitis to those with persistent asthma and rhinitis,
presented as odds ratio, 95% confidence interval.

OR (95% CI)

Agea 0.94 (0.88–1.01)

FEV1%a,b 0.56 (0.40–0.80)

Eczemaa 2.24 (0.76–6.55)

No heredity for allergya 1

Heredity from one parenta 1.35 (0.48–3.79)

Heredity from both parentsa 1.72 (0.28–10.7)

Sensitisation to foods of plant origin, E2c 1.40 (0.53–3.70)

Sensitisation to grass pollen, E2c 2.60 (0.95–7.25)

Sensitisation to tree pollen, E2c 3.50 (1.29–9.49)

Sensitisation to weed pollen, E2c 0.55 (0.11–2.76)

Sensitisation to furry animals, E2c 6.73 (2.00–22.6)

Sensitisation to mould, E2c 1

Sensitised to any allergen, E2c 1.17 (0.39–3.49)

Total IgE E2c (per one log unit increase) 2.46 (0.99–6.12)

Total IgE E3c (per one log unit increase) 1.55 (0.61–3.98)

FENO E2c (per one log unit increase) 16.2 (1.14–230)

FENO E3c (per one log unit increase) 3.76 (0.48–29.4)

ECP E2c (per one log unit increase) 0.72 (0.08–6.08)

ECP E3c (per one log unit increase) 4.44 (0.59–33.6)

EDN E3c (per one log unit increase) 2.80 (0.30–26.4)

Note: Inflammatory markers were log transformed.

Abbreviations: CI, confidence interval; E2, European community

respiratory health survey II; E3, European community respiratory health

survey III; ECP, eosinophil cationic protein; EDN, eosinophil derived

neurotoxin; FENO, exhaled nitric oxide; IgE, immunoglobulin E; OR, odds

ratio.
aAdjusted for age, FEV1, current eczema, heredity for allergy and being

sensitised to any allergen.
bChange calculated in 10% decrease intervals in FEV1.
cAdjusted for age, FEV1, current eczema, heredity for allergy.

8 of 10 - BLÖNDAL ET AL.

 20457022, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/clt2.12240 by U

ppsala U
niversity K

arin B
oye, W

iley O
nline L

ibrary on [09/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9172-9555
https://orcid.org/0000-0002-9172-9555
https://orcid.org/0000-0002-4098-7765
https://orcid.org/0000-0002-4098-7765
https://doi.org/10.1080/00016489.2020.1721559
https://orcid.org/0000-0002-9172-9555
https://orcid.org/0000-0002-4098-7765


2. Bjerg A, Sandstrom T, Lundback B, Ronmark E. Time trends in asthma

and wheeze in Swedish children 1996‐2006: prevalence and risk

factors by sex. Allergy. 2010;65(1):48‐55. https://doi.org/10.1111/j.

1398‐9995.2009.02105.x

3. Schernhammer ES, Vutuc C, Waldhor T, Haidinger G. Time trends of

the prevalence of asthma and allergic disease in Austrian children.

Pediatr Allergy Immunol. 2008;19(2):125‐131. https://doi.org/10.

1111/j.1399‐3038.2007.00597.x

4. Pols DH, Wartna JB, van Alphen EI, et al. Interrelationships between

atopic disorders in children: a meta‐analysis based on ISAAC ques-

tionnaires. PLoS One. 2015;10(7):e0131869. https://doi.org/10.1371/

journal.pone.0131869

5. Pullerits T, Rönmark EP, Ekerljung L, et al. The triad of current

asthma, rhinitis and eczema is uncommon among adults: prevalence,

sensitization profiles, and risk factors. Respir Med. 2021;176:106250.

https://doi.org/10.1016/j.rmed.2020.106250

6. Burte E, Bousquet J, Siroux V, Just J, Jacquemin B, Nadif R. The

sensitization pattern differs according to rhinitis and asthma multi-

morbidity in adults: the EGEA study. Clin Exp Allergy. 2017;47(4):

520‐529. https://doi.org/10.1111/cea.12897

7. Almqvist L, Rönmark E, Stridsman C, et al. Remission of adult‐onset

asthma is rare: a 15‐year follow‐up study. ERJ Open Res. 2020;6(4):

00620‐2020. https://doi.org/10.1183/23120541.00620‐2020

8. Burgess JA, Matheson MC, Gurrin LC, et al. Factors influencing

asthma remission: a longitudinal study from childhood to middle

age. Thorax. 2011;66(6):508‐513. https://doi.org/10.1136/thx.2010.

146845

9. Grabenhenrich LB, Keil T, Reich A, et al. Prediction and prevention

of allergic rhinitis: a birth cohort study of 20 years. J Allergy Clin
Immunol. 2015;136(4):932‐940.e12. https://doi.org/10.1016/j.jaci.20

15.03.040

10. Linneberg A, Friedrich N, Husemoen LLN, et al. Incidence and

remission of specific IgE aeroallergen sensitization from age of 40

to 60 years, and association with alcohol consumption. Int Arch
Allergy Immunol. 2010;151(2):142‐148. https://doi.org/10.1159/000

236004

11. Lau S, Matricardi PM, Wahn U, Lee YA, Keil T. Allergy and atopy

from infancy to adulthood: messages from the German birth cohort

MAS. Ann Allergy Asthma Immunol. 2019;122(1):25‐32. https://doi.

org/10.1016/j.anai.2018.05.012

12. Kerkhof M, Dubois AE, Postma DS, Schouten JP, de Monchy JG. Role

and interpretation of total serum IgE measurements in the diagnosis

of allergic airway disease in adults. Allergy. 2003;58(9):905‐911.

https://doi.org/10.1034/j.1398‐9995.2003.00230.x

13. Blöndal V, Sundbom F, Borres MP, et al. Study of atopic multi-

morbidity in subjects with rhinitis using multiplex allergen compo-

nent analysis. Clin Transl Allergy. 2020;10(1):6. https://doi.org/10.

1186/s13601‐020‐0311‐6
14. Baumann LM, Romero KM, Robinson CL, et al. Prevalence and risk

factors for allergic rhinitis in two resource‐limited settings in Peru

with disparate degrees of urbanization. Clin Exp Allergy. 2015;45(1):

192‐199. https://doi.org/10.1111/cea.12379

15. Viiu B, Christer J, Fredrik S, et al. Asthma in combination with rhinitis

and eczema is associated with a higher degree of type‐2 inflammation

and symptom burden than asthma alone. Allergy. 2021;76(12):

3827‐3829. https://doi.org/10.1111/all.15082

16. Malinovschi A, Alving K, Kalm‐Stephens P, Janson C, Nordvall L.

Increased exhaled nitric oxide predicts new‐onset rhinitis and

persistent rhinitis in adolescents without allergic symptoms. Clin Exp
Allergy. 2012;42(3):433‐440. https://doi.org/10.1111/j.1365‐2222.

2011.03947.x

17. Bastain TM, Islam T, Berhane KT, et al. Exhaled nitric oxide, sus-

ceptibility and new‐onset asthma in the Children's Health Study. Eur
Respir J. 2011;37(3):523‐531. https://doi.org/10.1183/09031936.

00021210

18. Olin AC, Rosengren A, Thelle DS, Lissner L, Torén K. Increased

fraction of exhaled nitric oxide predicts new‐onset wheeze in a

general population. Am J Respir Crit Care Med. 2010;181(4):324‐327.

https://doi.org/10.1164/rccm.200907‐1079oc

19. Benson VS, Hartl S, Barnes N, Galwey N, Van Dyke MK, Kwon N. Blood

eosinophil counts in the general population and airways disease: a

comprehensive review and meta‐analysis. Eur Respir J. 2022;

59(1):2004590. https://doi.org/10.1183/13993003.04590‐2020

20. Sin A, Terzioglu E, Kokuludag A, Sebik F, Kabakci T. Serum eosinophil

cationic protein (ECP) levels in patients with seasonal allergic rhinitis

and allergic asthma. Allergy Asthma Proc. 1998;19(2):69‐73. https://

doi.org/10.2500/108854188778607228

21. Chakraborty S, Hammar KS, Filiou AE, et al. Longitudinal eosinophil‐
derived neurotoxin measurements and asthma development in pre-

school wheezers. Clin Exp Allergy. 2022;52(11):1338‐1342. https://

doi.org/10.1111/cea.14210

22. Granger V, Zerimech F, Arab J, et al. Blood eosinophil cationic protein

and eosinophil‐derived neurotoxin are associated with different

asthma expression and evolution in adults. Thorax. 2022;77(6):

552‐562. https://doi.org/10.1136/thoraxjnl‐2021‐217343

23. Burney PG, Luczynska C, Chinn S, Jarvis D. The European Commu-

nity Respiratory Health Survey. Eur Respir J. 1994;7(5):954‐960.

https://doi.org/10.1183/09031936.94.07050954

24. The European Community Respiratory Health Survey II Steering

Committee. The European Community Respiratory Health Survey II.

Eur Respir J. 2002;20(5):1071‐1079. https://doi.org/10.1183/09031

936.02.00046802

25. Kampe M, Vosough M, Malinovschi A, et al. Upper airway and skin

symptoms in allergic and non‐allergic asthma: results from the

Swedish GA(2)LEN study. J Asthma. 2018;55(3):275‐283. https://doi.

org/10.1080/02770903.2017.1326132

26. Olafsdottir IS, Gislason T, Thjodleifsson B, et al. C reactive protein

levels are increased in non‐allergic but not allergic asthma: a mul-

ticentre epidemiological study. Thorax. 2005;60(6):451‐454. https://

doi.org/10.1136/thx.2004.035774

27. Ronmark E, Perzanowski M, Platts‐Mills T, Lundback B. Different

sensitization profile for asthma, rhinitis, and eczema among 7‐8‐
year‐old children: report from the Obstructive Lung Disease in

Northern Sweden studies. Pediatr Allergy Immunol. 2003;14(2):91‐99.

https://doi.org/10.1034/j.1399‐3038.2003.00042.x

28. Hiller R, Laffer S, Harwanegg C, et al. Microarrayed allergen mole-

cules: diagnostic gatekeepers for allergy treatment. FASEB J.
2002;16(3):414‐416. https://doi.org/10.1096/fj.01‐0711fje

29. Jahn‐Schmid B, Harwanegg C, Hiller R, et al. Allergen microarray:

comparison of microarray using recombinant allergens with con-

ventional diagnostic methods to detect allergen‐specific serum

immunoglobulin E. Clin Exp Allergy. 2003;33(10):1443‐1449. https://

doi.org/10.1046/j.1365‐2222.2003.01784.x

30. ATS/ERS recommendations for standardized procedures for the

online and offline measurement of exhaled lower respiratory nitric

oxide and nasal nitric oxide. Am J Respir Crit Care Med. 2005;171(8):

912‐930.

31. Krantz C, Accordini S, Alving K, et al. Cross‐sectional study on

exhaled nitric oxide in relation to upper airway inflammatory

disorders with regard to asthma and perennial sensitization. Clin
Exp Allergy. 2022;52(2):297‐311. https://doi.org/10.1111/cea.14019

32. Rydell N, Nagao M, Ekoff H, Sjölander A, Borres M, Fujisawa T.

Development of an automated ImmunoCAP research assay for

eosinophil derived neurotoxin and its use in asthma diagnosis in

children. Pract Lab Med. 2019;17:e00138. https://doi.org/10.1016/j.

plabm.2019.e00138

33. Standardization of Spirometry. 1994 Update. American Thoracic

Society. Am J Respir Crit Care Med. 1995;152(3):1107‐1136.

34. Gibson GJ. Standardized lung function testing. Report working party.

Bull Eur Physiopathol Respir. 1983;19(Suppl 5):1‐95.

BLÖNDAL ET AL. - 9 of 10

 20457022, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/clt2.12240 by U

ppsala U
niversity K

arin B
oye, W

iley O
nline L

ibrary on [09/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1398-9995.2009.02105.x
https://doi.org/10.1111/j.1398-9995.2009.02105.x
https://doi.org/10.1111/j.1399-3038.2007.00597.x
https://doi.org/10.1111/j.1399-3038.2007.00597.x
https://doi.org/10.1371/journal.pone.0131869
https://doi.org/10.1371/journal.pone.0131869
https://doi.org/10.1016/j.rmed.2020.106250
https://doi.org/10.1111/cea.12897
https://doi.org/10.1183/23120541.00620-2020
https://doi.org/10.1136/thx.2010.146845
https://doi.org/10.1136/thx.2010.146845
https://doi.org/10.1016/j.jaci.2015.03.040
https://doi.org/10.1016/j.jaci.2015.03.040
https://doi.org/10.1159/000236004
https://doi.org/10.1159/000236004
https://doi.org/10.1016/j.anai.2018.05.012
https://doi.org/10.1016/j.anai.2018.05.012
https://doi.org/10.1034/j.1398-9995.2003.00230.x
https://doi.org/10.1186/s13601-020-0311-6
https://doi.org/10.1186/s13601-020-0311-6
https://doi.org/10.1111/cea.12379
https://doi.org/10.1111/all.15082
https://doi.org/10.1111/j.1365-2222.2011.03947.x
https://doi.org/10.1111/j.1365-2222.2011.03947.x
https://doi.org/10.1183/09031936.00021210
https://doi.org/10.1183/09031936.00021210
https://doi.org/10.1164/rccm.200907-1079oc
https://doi.org/10.1183/13993003.04590-2020
https://doi.org/10.2500/108854188778607228
https://doi.org/10.2500/108854188778607228
https://doi.org/10.1111/cea.14210
https://doi.org/10.1111/cea.14210
https://doi.org/10.1136/thoraxjnl-2021-217343
https://doi.org/10.1183/09031936.94.07050954
https://doi.org/10.1183/09031936.02.00046802
https://doi.org/10.1183/09031936.02.00046802
https://doi.org/10.1080/02770903.2017.1326132
https://doi.org/10.1080/02770903.2017.1326132
https://doi.org/10.1136/thx.2004.035774
https://doi.org/10.1136/thx.2004.035774
https://doi.org/10.1034/j.1399-3038.2003.00042.x
https://doi.org/10.1096/fj.01-0711fje
https://doi.org/10.1046/j.1365-2222.2003.01784.x
https://doi.org/10.1046/j.1365-2222.2003.01784.x
https://doi.org/10.1111/cea.14019
https://doi.org/10.1016/j.plabm.2019.e00138
https://doi.org/10.1016/j.plabm.2019.e00138


35. Bodtger U, Linneberg A. Remission of allergic rhinitis: an 8‐year

observational study. J Allergy Clin Immunol. 2004;114(6):1384‐1388.

https://doi.org/10.1016/j.jaci.2004.08.039

36. Plaschke PP, Janson C, Norrman E, Bjornsson E, Ellbjar S, Jarvholm B.

Onset and remission of allergic rhinitis and asthma and the rela-

tionship with atopic sensitization and smoking. Am J Respir Crit Care
Med. 2000;162(3 Pt 1):920‐924. https://doi.org/10.1164/ajrccm.162.

3.9912030

37. Zhang H, Kaushal A, Soto‐Ramírez N, et al. Acquisition, remission,

and persistence of eczema, asthma, and rhinitis in children. Clin Exp
Allergy J Br Soc Allergy Clin Immunol. 2018;48(5):568‐576. https://doi.

org/10.1111/cea.13096

38. Moller C, Dreborg S, Ferdousi HA, et al. Pollen immunotherapy re-

duces the development of asthma in children with seasonal rhino-

conjunctivitis (the PAT‐study). J Allergy Clin Immunol. 2002;109(2):

251‐256. https://doi.org/10.1067/mai.2002.121317

39. Wahn U, Bachert C, Heinrich J, Richter H, Zielen S. Real‐world ben-

efits of allergen immunotherapy for birch pollen‐associated allergic

rhinitis and asthma. Allergy. 2018;74(3):594‐604. https://doi.org/10.

1111/all.13598

40. Cardinale F, de Benedictis FM, Muggeo V, et al. Exhaled nitric oxide,

total serum IgE and allergic sensitization in childhood asthma and

allergic rhinitis. Pediatr Allergy Immunol. 2005;16(3):236‐242. https://

doi.org/10.1111/j.1399‐3038.2005.00265.x

41. Kim HY, Choi J, Ahn K, et al. Reference values and utility of serum

total immunoglobulin E for predicting atopy and allergic diseases in

Korean schoolchildren. J Kor Med Sci. 2017;32(5):803‐809. https://

doi.org/10.3346/jkms.2017.32.5.803

42. Grabenhenrich LB, Gough H, Reich A, et al. Early‐life determinants

of asthma from birth to age 20 years: a German birth cohort study.

J Allergy Clin Immunol. 2014;133(4):979‐988. https://doi.org/10.

1016/j.jaci.2013.11.035

43. Pesonen M, Kallio MJ, Siimes MA, Elg P, Björksten F, Ranki A. Cord

serum immunoglobulin E as a risk factor for allergic symptoms

and sensitization in children and young adults. Pediatr Allergy Imm-
unol. 2009;20(1):12‐18. https://doi.org/10.1111/j.1399‐3038.2008.

00736.x

44. Wong CY, Yeh KW, Huang JL, et al. Longitudinal analysis of total

serum IgE levels with allergen sensitization and atopic diseases in

early childhood. Sci Rep. 2020;10(1):21278. https://doi.org/10.1038/

s41598‐020‐78272‐8
45. Nielsen LP, Peterson CG, Dahl R. Serum eosinophil granule proteins

predict asthma risk in allergic rhinitis. Allergy. 2009;64(5):733‐737.

https://doi.org/10.1111/j.1398‐9995.2008.01869.x

46. Muntean IA, Bocsan IC, Vesa S, et al. Could FeNO predict asthma

in patients with house dust mites allergic rhinitis? Medicina
(Kaunas). 2020;56(5):235. https://doi.org/10.3390/medicina5605

0235

47. Ekerljung L, Rönmark E, Larsson K, et al. No further increase of

incidence of asthma: incidence, remission and relapse of adult

asthma in Sweden. Respir Med. 2008;102(12):1730‐1736. https://doi.

org/10.1016/j.rmed.2008.07.011

48. Honkamäki J, Piirilä P, Hisinger‐Mölkänen H, et al. Asthma remission

by age at diagnosis and gender in a population‐based study. J Allergy
Clin Immunol Pract. 2021;9(5):1950‐1959e4. https://doi.org/10.1016/

j.jaip.2020.12.015

49. Coumou H, Westerhof GA, de Nijs SB, Zwinderman AH, Bel EH.

Predictors of accelerated decline in lung function in adult‐onset

asthma. Eur Respir J. 2018;51(2):1701785. https://doi.org/10.1183/

13993003.01785‐2017

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Blöndal V, Sundbom F, Zhou X, et al.

Allergic sensitisation and type‐2 inflammation is associated

with new‐onset and persistent allergic disease. Clin Transl

Allergy. 2023;e12240. https://doi.org/10.1002/clt2.12240

10 of 10 - BLÖNDAL ET AL.

 20457022, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/clt2.12240 by U

ppsala U
niversity K

arin B
oye, W

iley O
nline L

ibrary on [09/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jaci.2004.08.039
https://doi.org/10.1164/ajrccm.162.3.9912030
https://doi.org/10.1164/ajrccm.162.3.9912030
https://doi.org/10.1111/cea.13096
https://doi.org/10.1111/cea.13096
https://doi.org/10.1067/mai.2002.121317
https://doi.org/10.1111/all.13598
https://doi.org/10.1111/all.13598
https://doi.org/10.1111/j.1399-3038.2005.00265.x
https://doi.org/10.1111/j.1399-3038.2005.00265.x
https://doi.org/10.3346/jkms.2017.32.5.803
https://doi.org/10.3346/jkms.2017.32.5.803
https://doi.org/10.1016/j.jaci.2013.11.035
https://doi.org/10.1016/j.jaci.2013.11.035
https://doi.org/10.1111/j.1399-3038.2008.00736.x
https://doi.org/10.1111/j.1399-3038.2008.00736.x
https://doi.org/10.1038/s41598-020-78272-8
https://doi.org/10.1038/s41598-020-78272-8
https://doi.org/10.1111/j.1398-9995.2008.01869.x
https://doi.org/10.3390/medicina56050235
https://doi.org/10.3390/medicina56050235
https://doi.org/10.1016/j.rmed.2008.07.011
https://doi.org/10.1016/j.rmed.2008.07.011
https://doi.org/10.1016/j.jaip.2020.12.015
https://doi.org/10.1016/j.jaip.2020.12.015
https://doi.org/10.1183/13993003.01785-2017
https://doi.org/10.1183/13993003.01785-2017
https://doi.org/10.1002/clt2.12240

	Allergic sensitisation and type‐2 inflammation is associated with new‐onset and persistent allergic disease
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study population
	2.2 | Questionnaires
	2.3 | Allergy testing
	2.4 | Inflammatory markers
	2.5 | Lung function
	2.6 | Statistical methods
	2.7 | Ethics

	3 | RESULTS
	3.1 | Sensitisation
	3.2 | Inflammatory markers

	4 | DISCUSSION
	4.1 | Allergic sensitisation
	4.2 | Type 2 inflammation
	4.3 | Age and heredity
	4.4 | Strengths and weaknesses

	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


