
Allergic sensitization is age-dependently associated with
rhinitis, but less so with asthma
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Background: Epidemiologic data describing the association
between allergic sensitization and asthma and allergic rhinitis in
adults are scarce.
Objective: To determine the prevalence and impact of specific
sensitization to airborne allergens on asthma and allergic
rhinitis among adults in relation to age.
Methods: A random population sample (age 21-86 years) was
examined with structured interview and analysis of specific IgE
to 9 common airborne allergens. Of those invited, 692 (68%)
subjects participated in blood sampling. IgE level of 0.35 U/mL
or more to the specific allergen was defined as a positive test
result.
Results: Allergic sensitization decreased with increasing age,
both in the population sample and among subjects with asthma
and allergic rhinitis. In a multivariate model, sensitization to
animal was significantly positively associated with asthma (odds
ratio [OR], 4.80; 95% CI, 2.68-8.60), whereas sensitization to
both animal (OR, 3.90; 95% CI, 2.31-6.58) and pollen (OR, 4.25;
95% CI, 2.55-7.06) was significantly associated with allergic
rhinitis. The association between allergic sensitization and
rhinitis was consistently strongest among the youngest age
group, whereas this pattern was not found for asthma. The
prevalence of allergic sensitization among patients with asthma
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decreased by increasing age of asthma onset, 86% with asthma
onset at age 6 y or less, 56% at age 7 to 19 years, and 26% with
asthma onset at age 20 years or more.
Conclusions: Sensitization to animal was associated with asthma
across all age groups; allergic rhinitis was associated with
sensitization to both pollen and animal and consistently stronger
among younger than among older adults. Early onset of asthma
was associated with allergic sensitization among adults with
asthma. (J Allergy Clin Immunol 2015;nnn:nnn-nnn.)

Key words: Adults, allergic rhinitis, allergic sensitization, asthma,
epidemiology, specific IgE

The strong association between allergic sensitization and
asthma and rhinitis has been well described in children,
adolescents, and young adults.1-3 However, data about the associ-
ation of allergic sensitization with asthma, respiratory symptoms,
and rhinitis in older adults are very limited.4,5 Because of the
increasing proportion of elderly people in the general population
worldwide, a better understanding of the impact of allergic sensi-
tization on airway diseases in older ages is important.

Studies of allergic sensitization in relation to age have
consistently reported an increase in prevalence from childhood
to young adulthood, whereas thereafter it decreases with age.6-8

Normal aging partly explains the decrease in the prevalence of
allergic sensitization with increasing age among adults,8 and a
cohort effect may contribute as well.9 Similarly, the prevalence
of allergic rhinitis is known to increase from childhood and
adolescence to young adulthood, and thereafter it decreases by
increasing age.10,11

Both asthma and rhinitis are heterogeneous conditions and
include both sensitized and nonsensitized phenotypes.12-14

Allergic sensitization is important to consider because it affects
both the persistence and the severity of allergic respiratory dis-
eases.15,16 A stronger impact of allergic sensitization on rhinitis
than on asthma has been hypothesized.17 Furthermore, these dis-
eases may be associated with different specific allergens. More-
over, themajor airborne allergens differ by geographical area.18,19

The aims of this study were to determine the prevalence and
impact of allergic sensitization patterns to different airborne
allergens on asthma and allergic rhinitis among adults, and to
investigate the relationships by age. We therefore focused this
work on the association of sensitization with asthma and rhinitis
by age, including the age of onset of asthma.
METHODS

Study area
The studywas performedwithin theObstructive LungDiseases in Northern

Sweden Studies in Norrbotten, the northernmost county of Sweden. The

county is sparsely inhabited, with approximately 250,000 inhabitants in an
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Abbreviations used
OR: O
dds ratio
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opulation-attributable fraction
RR: R
elative risk
area of 105,000 km2. The climate is subarctic, with cold and long winters and

mild summers. The studywas approved by the Regional Ethical ReviewBoard

at Ume�a University, Sweden.
Study population
The study population is presented in Fig E1 in this article’s Online Repos-

itory at www.jacionline.org. In 2006, a random sample of the population of

Norrbotten (n5 7997; age, 20-69 years) was invited to participate in a postal

questionnaire study.20 In addition, another randomly selected population sam-

ple aged 30 to 84 years, which had participated in a similar questionnaire study

in 1996,20 was invited to a follow-up (n 5 7,004). Overall, 12,055 subjects

(80% of invited) participated.

In 2008-2009, a randomly selected sample of questionnaire responders,

stratified by the sex and age distribution of the population of Norrbotten, was

invited to clinical examinations. Of the 1,016 invited subjects, 737 (73%)

participated. At the time of examination, their mean age was 53 years (range,

21-86 years) and 50% were women. The examinations included a structured

interview and blood sampling for specific and total IgE levels. The participants

at the clinical examinations were representative for the entire study sample.21
Questionnaire
TheObstructive LungDiseases in Northern Sweden questionnaire has been

used in several national and international epidemiologic studies.11,22 Both the

postal questionnaire and the structured interview focused on respiratory symp-

toms, asthma, rhinitis, chronic bronchitis, chronic obstructive pulmonary dis-

ease, comorbid conditions of airways diseases, and potential risk factors. The

questionnaire has recently been validated against the Global Allergy and

Asthma European Network questionnaire.23
Allergic sensitization
Allergic sensitizationwas assessed by analyses of specific IgE antibodies in

serum: birch, timothy, mugwort, cat, dog, horse,Dermatophagoides pteronys-

sinus, Dermatophagoides farinae, and Alternaria. The serum samples were

analyzed with the Immuno CAP system (ThermoFisher, Uppsala, Sweden).

Of all participants, 692 subjects (94% of the participants) participated in blood

sampling, of whom 51%were women. A positive result was defined as an IgE

level of 0.35 IU/mL or more to the specific allergen.
Definitions
The prevalence of asthma, wheeze, and allergic rhinitis was assessed by a

positive answer to the following questions at the interview:

Physician-diagnosed asthma: ‘‘Have you been diagnosed as having asthma

by a physician?’’

Current asthma: ‘‘Yes’’ to Physician-diagnosed asthma or ‘‘Have you ever

had asthma?’’ and 1 of the following questions: ‘‘Have you had wheezing or

whistling in your chest at any time in the last 12 months?’’ or ‘‘Have you

had attacks of shortness of breath at any time in the last 12 months?’’ or

‘‘Have you used asthma medication regularly or as needed in the last 12

months?’’

Current wheeze: ‘‘Have you had wheezing or whistling in your chest at any

time in the last 12 months?’’

Asthmatic wheeze: ‘‘Yes’’ to Current wheeze and ‘‘Have you been at all

breathless when the wheezing noise was present?’’ and ‘‘Have you had this

wheezing or whistling when you did not have a cold?’’
Ever allergic rhinitis: ‘‘Have you or have you had allergic rhinitis or hay

fever?’’

Current allergic rhinitis: ‘‘Yes’’ to Ever allergic rhinitis and 1 of the

following questions: ‘‘Have you had sneezing, runny nose, or nasal congestion

without having a cold in the last 12 months?’’ or ‘‘Have you used medication

for rhinitis in the last 12 months?’’

Family history of asthma (allergic rhinitis): Mother, father, or sibling re-

porting ever having had asthma (allergic rhinitis). The information was

derived from 2 separate questions.

Any allergen: IgE level of 0.35 IU/mL or more to any of the specific

allergens.

Any animal: IgE level of 0.35 IU/mL or more to cat, dog, or horse.

Any pollen: IgE level of 0.35 IU/mL or more to birch, timothy, or mugwort.
Statistical analyses
Statistical analyses were performed by using the Statistical Package for

the Social Sciences for Windows, Version 20.0. For comparisons of

proportions, the x2 test and Fisher exact test were used when appropriate.

Mantel-Haenszel’s test for trend was applied for the assessment of the rela-

tionship between the prevalence of allergic sensitization and variables with

more than 2 categories. Because total IgE data were not normally distributed,

the Mann-Whitney U test was used for comparisons of distribution between

groups. A P value of less than .05 was considered statistically significant.

The study population was divided into 3 age groups of similar width and of

approximately similar size: 21 to 40 years, 41 to 60 years, and 61 to 86 years

at the time of examination. Multiple logistic regression analyses were used to

calculate the association between allergic sensitization and current asthma

and current allergic rhinitis, and the associations were expressed as odds

ratios (ORs) with 95% CI. These analyses were adjusted for age group, sex,

smoking habits, and family history of asthma (allergic rhinitis). The analyses

were also performed separately in the 3 age groups. Twomodels were applied

when analyzing the association of asthma and allergic rhinitis with

sensitization to specific allergens: the allergens were included one by one,

and by including all allergens in the same model. Similar models were

applied by using the variables sensitization to ‘‘any pollen,’’ ‘‘any animal,’’

and ‘‘any allergen.’’

The percentage of asthma and rhinitis cases in the population attributable to

sensitization to any allergen was calculated by using the formula PAF 5
P(RR 2 1)/RR, where PAF is the population-attributable fraction, RR is the

relative risk, and P is the percentage of cases with allergic sensitization. RR

was estimated by the adjusted OR.
RESULTS

Prevalence of allergic sensitization
The prevalence of sensitization to any allergen decreased with

increasing age: 45% in the age group 21 to 40 years, 30% in the
age group 41 to 60 years, and 15% in the age group 61 to 86 years
(P <.001) (Table I). A similar trend of a decreasing prevalence by
age was observed for the most common sensitizers: dog, cat,
timothy, birch, and horse. Sensitization to mite was less common,
and only 0.7%were sensitized to mold. No significant differences
by sex were observed.
Prevalence of asthma and allergic rhinitis
The prevalence of allergic rhinitis, both current and ever

reported, decreased significantly with increasing age, with the
highest prevalence in the youngest age group (Table II). The prev-
alence of asthma, both when defined as physician-diagnosed and
current asthma, and current and asthmatic wheeze did not differ
significantly by age. No significant differences by sex for any of
the disease entities were found.
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TABLE I. Prevalence (%) of allergic sensitization defined by specific IgE level of 0.35 IU/mL or more by sex and age

Allergen

Sex

Difference

by sex, P value

Age (y)

Difference by

age, P value

All*

(n 5 692)

Men

(n 5 342)

Women

(n 5 350)

22-40

(n 5 154)

41-60

(n 5 295)

61-86

(n 5 243)

Birch 12.6 10.6 .56 22.1 11.2 4.5 <.001 12.0

Timothy 13.5 10.3 .20 25.3 12.9 2.1 <.001 12.8

Mugwort 1.8 4.0 .08 5.2 3.4 0.8 .01 3.0

Any pollen 19.3 17.4 .53 35.1 19.7 6.2 <.001 19.4

Cat 14.6 10.3 .08 23.4 13.2 4.5 <.001 13.1

Dog 14.0 12.0 .42 22.7 14.9 4.5 <.001 13.6

Horse 7.6 6.0 .40 16.2 7.1 0.4 <.001 7.4

Any animal 17.5 14.6 .29 26.6 17.6 7.4 <.001 16.7

Any mite 5.8 6.0 .93 9.1 4.7 5.3 .16 6.1

Any mold� 0.9 0.6 .64 1.9 0.7 — .08 0.7

Any allergen 29.2 26.6 .43 44.8 29.8 14.8 <.001 28.9

*Adjusted for the sex and age distribution of the population in the area.

�Fisher exact test was used.

TABLE II. Prevalence (%) of asthma, wheeze, and allergic rhinitis by sex and age

Respiratory condition

Sex Age (y)

Difference by

age, P value

All*

(n 5 737)

Men

(n 5 361)

Women

(n 5 371)

Difference

by sex, P value

22-40

(n 5 171)

41-60

(n 5 315)

61-86

(n 5 251)

Physician-diagnosed asthma 13.7 16.4 .32 17.0 14.3 14.7 .58 15.2

Current asthma 13.9 14.6 .79 15.5 14.3 13.3 .52 14.3

Current wheeze 30.9 31.1 .94 28.8 30.2 33.5 .29 30.9

Asthmatic wheeze 14.1 16.6 .34 16.5 16.9 12.7 .25 15.4

Ever allergic rhinitis (self-reported) 29.1 30.6 .67 38.6 31.7 21.5 <.001 30.2

Current allergic rhinitis 28.7 30.1 .68 37.9 32.3 20.1 <.001 29.7

Current asthma and allergic rhinitis 8.6 10.0 .52 11.3 10.5 6.4 .07 9.3

*Adjusted for the sex and age distribution of the population in the area.
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Allergic sensitization in relation to asthma and

allergic rhinitis
The prevalence of current asthma, and in particular current

allergic rhinitis, was significantly higher in subjects sensitized to
any allergen compared with nonsensitized subjects, 24.5% versus
10.7%, and 56.3% versus 17.6%, respectively. Similar patterns
were found when comparing subjects with and without sensitiza-
tion to the specific allergens (Table III). When including the vari-
ables one by one in the multivariate model, sensitization to any
allergen and sensitization to the major specific allergens were
positively associated with current asthma even after adjusting
for confounders. When all specific allergens were included in
the same model, sensitization to dog, OR 2.58 (95% CI, 1.01-
6.57), and horse, OR 2.64 (95% CI, 1.02-6.84), remained signif-
icantly positively associated with current asthma, in contrast to
sensitization to cat and the pollens. When using the variables
any animal and any pollen as independent variables in the model,
allergic sensitization to any animal remained significantly associ-
ated with current asthma, OR 4.80 (95% CI, 2.68-8.60), whereas
sensitization to any pollen lost its significance (Table III).

Similarly to asthma, current allergic rhinitis was significantly
associated with all sensitization variables when included one by
one in the multivariate model. When the variables any animal and
any pollenwere used as independent variables in the same model,
allergic rhinitis remained associated with both variables, OR 3.90
(95% CI, 2.31-6.58) and OR 4.25 (95% CI, 2.55-7.06), respec-
tively. On including all major specific allergens in the same
model, we found that the association between rhinitis and
sensitization to the pollens and cat remained significant, but sensi-
tization to dog and horse did not (Table III).

The impact of allergic sensitization on asthma and allergic
rhinitis was analyzed separately in the 3 age groups by multiple
logistic regression analyses (Table IV). Sensitization to any
allergen, any pollen, and any animal, respectively, was signifi-
cantly associated with allergic rhinitis in all age groups, and the
OR was considerably higher in subjects aged 20 to 40 years
than in those older than 40 years. Regarding asthma, the corre-
sponding ORs were of similar magnitude in all age groups,
although not significant in those older than 60 years concerning
sensitization to any allergen and to any pollen. Sensitization to
any animalwas strongly associated with asthma in all age groups.

The total IgE level was significantly higher among subjects
with asthma and rhinitis, respectively, than among subjects
without these conditions. This pattern was found in all age groups
but reached statistical significance only for rhinitis in the 2
youngest age groups (see Table E1 in this article’s Online Repos-
itory at www.jacionline.org).
Allergic sensitization among subjects with asthma

and rhinitis
Among subjects with current asthma, sensitization to any

allergen decreased significantly by age group (Table V). This
pattern was also found for specific sensitization to the major aller-
gens. In subjects with asthma aged 61 to 86 years, 22% were
sensitized to at least 1 allergen compared with 68% among

http://www.jacionline.org


TABLE III. Prevalence (%) of asthma and allergic rhinitis by sensitization status, and risk, expressed as ORs with 95% CI, of asthma

and allergic rhinitis*

Allergen

Current asthma Current allergic rhinitis

Prevalence P value OR (95% CI)y OR (95% CI)z Prevalence P value OR (95% CI)y OR (95% CI)z

Timothy

No 12.2 22.4

Yes 31.7 <.001 3.60 (1.98-6.54) 1.54 (0.72-3.28) 72.8 <.001 7.89 (4.39-14.19) 4.31 (2.22-8.36)

Birch

No 12.6 23.2

Yes 29.5 <.001 3.18 (1.71-5.89) 1.07 (0.47-2.44) 69.7 <.001 6.10 (3.45-10.80) 2.59 (1.33-5.07)

Cat

No 10.9 22.0

Yes 40.0 <.001 6.09 (3.44-10.78) 1.61 (0.61-4.28) 73.8 <.001 8.03 (4.59-14.05) 2.49 (1.07-5.80)

Dog

No 10.5 21.8

Yes 41.6 <.001 6.59 (3.76-11.57) 2.58 (1.01-6.57) 72.7 <.001 7.80 (4.51-13.51) 1.88 (0.82-4.31)

Horse

No 11.7 24.6

Yes 54.3 <.001 9.17 (4.44-18.96) 2.64 (1.02-6.84) 82.2 <.001 10.70 (4.64-24.70) 2.14 (0.75-6.12)

Any pollen

No 12.1 20.2

Yes 25.2 <.001 2.65 (1.54-4.55) 1.39 (0.75-2.59) 64.8 <.001 6.45 (4.01-10.36) 4.25 (2.55-7.06)

Any animal

No 10.4 21.0

Yes 36.4 <.001 5.45 (3.21-9.28) 4.80 (2.68-8.60) 67.0 <.001 6.21 (3.83-10.07) 3.90 (2.31-6.58)

Any allergen

No 10.7 17.6

Yes 24.5 <.001 2.94 (1.81-4.77) 56.3 <.001 5.31 (3.53-7.99)

*The analyses are based on the 692 subjects with data about allergic sensitization, of whom 100 had current asthma and 194 had current rhinitis.

�Adjusted for age, sex, smoking, and family history of asthma (allergic rhinitis). The sensitization variables (allergens) were included one by one.

�Adjusted for age, sex, smoking, and family history of asthma (allergic rhinitis). All sensitization variables (allergens) were included in the model.

TABLE IV. Risk, expressed as ORs and 95% CI for current asthma and rhinitis, respectively, by allergic sensitization,* analyzed

separately for each age group and adjusted for confoundersy

Allergen Age (y)

Current asthma Current allergic rhinitis

(nz) OR (95% CI) (n§) OR (95% CI)

Any pollen 22-40 (25/154) 3.98 (1.43-11.14) (54/154) 13.70 (5.47-34.31)

41-60 (43/295) 1.98 (0.94-4.19) (91/295) 4.40 (2.35-8.26)

61-86 (32/243) 4.01 (0.96-16.81) (49/243) 8.37 (2.45-28.55)

Any animal 22-40 (25/154) 3.96 (1.41-11.15) (54/154) 16.82 (6.20-45.64)

41-60 (43/295) 5.93 (2.84-12.39) (91/295) 6.03 (3.08-11.82)

61-86 (32/243) 6.78 (2.09-21.99) (49/243) 3.45 (1.15-10.35)

Any allergen 22-40 (25/154) 3.53 (1.27-9.81) (54/154) 19.84 (7.24-54.40)

41-60 (43/295) 3.17 (1.59-6.31) (91/295) 5.41 (3.07-9.54)

61-86 (32/243) 2.07 (0.74-5.79) (49/243) 2.39 (1.03-5.55)

*The reference group in each analysis was the group of subjects not sensitized to the respective allergen.

�Adjusted for sex, family history of asthma (allergic rhinitis), and smoking habits.

�Number of subjects with asthma by number of all subjects in the age group.

§Number of subjects with rhinitis by number of all subjects in the age group.

J ALLERGY CLIN IMMUNOL

nnn 2015

4 WARM ET AL
subjects with asthma aged 21 to 40 years. All sensitized subjects
with asthma in the oldest age group were sensitized to either cat or
dog (data not included in table). Similar to the pattern in subjects
with asthma, sensitization to any allergen as well as to specific al-
lergens decreased significantly by increasing age among subjects
with allergic rhinitis (Table V).

The proportion of asthma and rhinitis cases attributable to
sensitization to any allergen was calculated separately for each
age group. The PAF for asthma was 49% in the age group 21 to
40 years, 37% in the age group 41 to 60 years, and 11% in the
age group 61 to 86 years. The corresponding PAFs for rhinitis
were higher, 79%, 44%, and 16% among the respective age
groups (Fig 1).

Among subjects with asthma, the prevalence of allergic
sensitization decreased with increasing age of asthma onset;
86% among those with asthma onset at 6 years or younger were
sensitized to any allergen, 56% among those with asthma onset
between 7 and 19 years, and 27% among those with asthma onset
at 20 years or older (Fig 2). Because both increasing age of asthma
onset and age at examination were negatively associated with
allergic sensitization among subjects with asthma, both variables
were included in a multiple logistic regression analysis. In this



TABLE V. Prevalence (%) of sensitization defined by IgE level of 0.35 IU/mL or more among subjects with asthma and allergic

rhinitis, by age

Specific IgE

Current asthma Current allergic rhinitis

22-40 y

(n 5 25)

41-60 y

(n 5 43)

61-86 y

(n 5 32)

Difference by

age, P value

22-40 y

(n 5 54)

41-60 y

(n 5 91)

61-86 y

(n 5 94)

Difference

by age, P value

Birch 48.0 18.6 9.4 .001 48.1 22.0 14.3 <.001

Timothy 52.0 25.6 6.2 <.001 55.6 27.5 8.2 <.001

Any pollen 60.0 30.2 12.5 <.001 70.4 36.3 20.4 <.001

Cat 52.0 37.2 15.6 .004 55.6 28.6 12.2 <.001

Dog 52.0 44.2 15.6 .004 51.9 31.9 14.3 <.001

Horse 48.0 30.2 — <.001 40.7 16.5 — <.001

Any animal 52.0 46.5 21.9 .02 59.3 35.2 18.4 <.001

Any mite 12.0 4.7 3.1 .18 14.8 5.5 4.1 .04

Any mold 8.0 2.3 — .09 5.6 1.1 — .05

Any allergen 68.0 53.5 21.9 <.001 83.3 53.8 26.5 <.001
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FIGURE 1. The PAF% of allergic sensitization for asthma and allergic

rhinitis, respectively, by age group.

FIGURE 2. Prevalence of allergic sensitization among subjects with current

asthma by age of onset of asthma.
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model, allergic sensitization to any allergen remained negatively
and significantly associated with increasing age of asthma onset,
whereas age at examination did not (data not shown).
DISCUSSION
In this study of adults, a major finding includes a marked

decrease in allergic sensitization among subjects with asthma
with increasing age of asthma onset. Of those with asthma onset
before the age of 6 years, 86% were sensitized in adulthood,
whereas only 26% of the subjects with asthma with an adult onset
(age >_20 years) of asthma were sensitized. Furthermore, the PAF
of allergic sensitization for asthma was 49% for the age group 22
to 40 years but only 11% for the age group 61 to 86 years. As
expected, the corresponding figures for allergic rhinitis were
higher, 79% and 16%, respectively. Moreover, we here describe
distinct differences in the association between asthma and allergic
rhinitis versus allergic sensitization because allergic sensitization
was similarly associated with asthma regardless of age.

The prevalence of allergic sensitization and allergic rhinitis
decreased considerably by increasing age, in line with previous
studies,6,21,22,24 whereas the prevalence of asthma decreased
slightly but not significantly by age. Reports of prevalence of
asthma by age vary; however, most studies have found asthma
to be most common among young adults.20,25 Over the last 5 de-
cades, we have observed an increased prevalence of both allergy
and asthma, primarily in children. Importantly, those children
have now become adults, and information on their maintained
morbidity has previously been insufficiently reported.

Among both subjects with asthma and subjects with allergic
rhinitis, the prevalence of sensitized subjects decreased consid-
erably by age, among subjects with asthma from 68.0% in the age
group 21 to 40 years to 21.9% in the age group 61 to 86 years, and
the corresponding result for allergic rhinitis was 83.3% to 26.5%.
The high prevalence of allergic sensitization in young adults was
expected and indicates a high validity of the interview question
on allergic rhinitis in these ages. However, among subjects older
than 61 years, the low prevalence of allergic sensitization
indicates a lower validity of the question. The reason for this is
unclear, but we have in a previous publication reported high
remission of allergic sensitization among elderly people.8 Thus,
subjects who had allergic rhinitis at a young age may have
outgrown the allergic component but the rhinitis has remained
as a nonallergic rhinitis. This is in line with a long-term
follow-up of adults with rhinitis.26

In analyses adjusted for confounders, allergic sensitization as a
risk factor for allergic rhinitis yielded a high-risk estimate in
young adults aged 22 to 40 years, whereas it was clearly lower but
still significant in those aged 61 years or older. This strong
association is also reported by others.22 A similar pattern was
found for sensitization to any pollen and any animal. Interest-
ingly, in contrast to rhinitis, the corresponding risk estimates for
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asthma were similar irrespective of age group, a result not found
previously in the literature.

Furthermore, both in the univariate risk analyses and when
added one by one in a multivariate model adjusting for
confounders, allergic sensitization to each of the major sensitizers
was significantly associated with asthma and even more strongly
with allergic rhinitis. The results are similar to findings from the
European Community Respiratory Health Survey27 and from
studies in Finland22 and Estonia,24 whereas the Finnish and Esto-
nian studies were insufficiently powered for such comparisons.
Also, other studies have found stronger associations between
allergic sensitization and rhinitis than with asthma.28,29 It is
well known that asthma is also associated with several environ-
mental factors including smoking and traffic exhausts, socioeco-
nomic status, and obesity, whereas rhinitis has been mainly
associated with allergic sensitization.15,27,29

In a multivariate model including all major specific allergens,
sensitization to timothy, birch, and cat remained significantly
associated with allergic rhinitis, whereas sensitization to horse
and dog did not become significant. On the contrary, asthma
remained significantly associated with sensitization to dog and
horse, whereas timothy, birch, and cat lost their significance.
These results correspond well to studies conducted among
children.12,30 Also, results from studies of adult populations
point to a stronger association between sensitization to indoor al-
lergens, such as mites and pets, and asthma compared with
allergic rhinitis.31 The influence of perennial allergen exposure
in contrast to seasonal pollen exposure might contribute to our
findings. Themore continuous exposure from perennial allergens
might have a potentially stronger effect on lower airways in
contrast to the relatively short period of exposure from pollen,
especially in our study area. Furthermore, in contrast to cat aller-
gens, which are very small and may remain in the air for a long
time,32 pollens are larger and also seem to be dependent on other
environmental factors to affect the lower airways.33 In many
geographical areas, house dust mite is the most important spe-
cific allergen related to asthma.34 However, sensitization to
mite is uncommon7,19 in Northern Sweden, probably due to the
cold and dry climate.

The strong association between asthma and sensitization to
furry animals also found among the middle-aged and elderly was
somewhat surprising because we already know that sensitization
fades by age. In line with our results, a high prevalence of
bronchial hyperresponsiveness has been found in elderly with
elevated levels of specific IgE to cat,35 and a longitudinal study
from the European Community RespiratoryHealth Survey among
young and middle-aged adults reported sensitization to cat being
independently associated with new-onset asthma.27

Sensitization to pollen has been strongly associated with
rhinitis according to most studies,14,36,37 but few, if any, have
analyzed sensitization to pollen as a risk factor for rhinitis in
different age groups, including the elderly. Importantly, in our
study, the association between allergic rhinitis and sensitization
remained significant in the oldest age group also, even though
the risk estimates decreased in strength with increasing age. In
addition to sensitization to pollen, sensitization to animal yielded
ORs of a similar level. The association between sensitization to
any animal and allergic rhinitis also reached significance in the
age group 61 years or older. Also, other studies have reported al-
lergens other than pollen to be associated with rhinitis.29 Among
subjects of similar ages as in our study, Bousquet et al14 reported
sensitization to pollen and mites to be the major allergens associ-
ated with allergic rhinitis.

Very few studies have calculated the PAF of allergic sensiti-
zation for asthma or allergic rhinitis.25,27 The US National Health
and Nutrition Examination Survey found 56% of asthma cases to
be attributable to atopy among subjects aged 20 to 59 years,25

which is somewhat higher than in similar ages in our study. As ex-
pected, a higher percentage of cases of allergic rhinitis was attrib-
utable to sensitization to any allergen in our study, especially in
the 2 younger age groups. However, about 10% of asthma cases
and about 15% of the cases of allergic rhinitis among the elderly
can be related to allergic sensitization, emphasizing that allergic
sensitization also is of importance among the elderly.

In line with others,38 we also found the total IgE level to be
significantly associated with both asthma and rhinitis and with a
similar pattern in all age groups. However, the total IgE level is
more unspecific compared with the specific IgE level and is
also influenced by factors that we did not have information on,
such as infections and use of medications.

Because of the cross-sectional design of our study, we were not
able to assess at which age subjects had become sensitized.
However, among those with asthma, we could assess the relation-
ship between age of asthma onset and allergic sensitization. Our
result, showing a significant decrease in allergic sensitization with
increasing age of asthma onset, is in line with a cohort of children
with asthma observed from age 7 to age 19 years, where the large
majority of those with persistent asthma at age 19 years were
sensitized to cat or dog at age 7 years.15 Data about the relation-
ship between age at asthma onset and allergic sensitization among
adults are scarce. In an Australian study, subjects with late-onset
asthma after the age of 30 years were less likely to be sensitized.39

Similar to our findings, a study from the United States reported
that subjects with an early age of asthma onset had a significantly
higher prevalence of skin prick test positivity and a more severe
asthma.40

In epidemiologic studies, the skin prick test is commonly used
for determining the presence of allergic sensitization. Instead, we
used measurements of specific IgE in serum, which is likely to
reduce methodological bias because skin reactivity may be
difficult to evaluate in elderly. A further strength of the present
study is the population-based design, reflecting the sensitization
patterns and disease prevalence in a general population, and the
use of validated questionnaires. Bias due to nonparticipation is
likely to be limited because the participation rate was high.41 Po-
tential recall bias might be an issue in the assessment of age of
asthma onset, and a limitation is lack of information about the
age of onset of rhinitis. Despite the large sample of about 700 sub-
jects, more detailed analyses considering sensitization to the spe-
cific allergens by age were not possible due to the low prevalence
of sensitization among the elderly.

In conclusion, a different sensitization pattern was found for
asthma and allergic rhinitis. Sensitization to timothy, birch, and
cat was significantly associated with allergic rhinitis, whereas
sensitization to dog and horse was associated with asthma. In
addition, the strength of association decreased by age for allergic
rhinitis, whereas the association between allergic sensitization
and asthma was less dependent on age. Among adults with
asthma, allergic sensitization was significantly positively related
to early asthma onset. As the prevalence of allergic sensitization
has increased in the general population, and because the propor-
tion of elderly is increasing, longitudinal studies focused on the
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impact of early allergic sensitization on morbidity in the elderly
are needed.

We thank the research team within the Obstructive Lung Disease in

Northern Sweden Studies, especially Ann-Christin Jonsson and Sigrid

Sundberg for the collection of the data.

Clinical implications: Allergic rhinitis is age-dependently asso-
ciated with sensitization to pollen and animal, whereas asthma
is associated with sensitization to animal independent of age.
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28. Lâm HT, Ekerljung L, Bjerg A, V�an T, Tng N, Lundb€ack B, et al. Sensitization to

airborne allergens among adults and its impact on allergic symptoms: a population

survey in northern Vietnam. Clin Transl Allergy 2014;4:6.

29. Plaschke PP, Janson C, Norrman E, Bjornsson E, Ellbjar S, Jarvholm B. Onset and

remission of allergic rhinitis and asthma and the relationship with atopic sensitiza-

tion and smoking. Am J Respir Crit Care Med 2000;162:920-4.

30. Stoltz DJ, Jackson DJ, Evans MD, Gangnon RE, Tisler CJ, Gern JE, et al. Specific

patterns of allergic sensitization in early childhood and asthma & rhinitis risk. Clin

Exp Allergy 2013;43:233-41.

31. Shaaban R, Zureik M, Soussan D, Anto JM, Heinrich J, Janson C, et al. Allergic

rhinitis and onset of bronchial hyperresponsiveness: a population-based study.

Am J Respir Crit Care Med 2007;176:659-66.

32. Luczynska CM, Li Y, Chapman MD, Platts-Mills TAE. Airborne concentrations

and particle size distribution of allergen derived from domestic cats (Felis domes-

ticus): measurements using cascade impactor, liquid impinge and a two-site mono-

clonal antibody assay for Fel d I. Am Rev Respir Dis 1990;141:361-7.

33. Badorrek P, Dick M, Emmert L, Schaumann F, Koch W, Hecker H, et al. Pollen

starch granules in bronchial inflammation. Ann Allergy Asthma Immunol 2012;

109:208-14.e6.

34. Sunyer J, Jarvis D, Pekkanen J, Chinn S, Janson C, Leynaert B, et al. Geographic

variations in the effect of atopy on asthma in the European Community Respiratory

Health Study. J Allergy Clin Immunol 2004;114:1033-9.

35. Kerkhof M, Postma DS, Schouten JP, de Monchy JG. Allergic sensitization to in-

door and outdoor allergens and relevance to bronchial hyperresponsiveness in

younger and older subjects. Allergy 2003;58:1261-7.

36. Haahtela T, Burbach GJ, Bachert C, Bindslev-Jensen C, Bonini S, Bousquet J, et al.

Clinical relevance is associated with allergen-specific wheal size in skin prick

testing. Clin Exp Allergy 2014;44:407-16.

37. Bauchau V, Durham SR. Epidemiological characterization of the intermittent and

persistent types of allergic rhinitis. Allergy 2005;60:350-3.

38. Salo PM, Calatroni A, Gergen PJ, Hoppin JA, Sever ML, Jaramillo R, et al. Al-

lergy-related outcomes in relation to serum IgE: results from the National Health

and Nutrition Examination Survey 2005-2006. J Allergy Clin Immunol 2011;

127:1226-35.

39. Craig TJ, King TS, Lemanske RF Jr, Wechsler ME, Icitovic N, Zimmerman RR Jr,

et al. Aeroallergen sensitization correlates with PC(20) and exhaled nitric oxide in

subjects with mild-to-moderate asthma. J Allergy Clin Immunol 2008;121:671-7.

40. Miranda C, Busacker A, Balzar S, Trudeau J, Wenzel SE. Distinguishing severe

asthma phenotypes: role of age at onset and eosinophilic inflammation. J Allergy

Clin Immunol 2004;113:101-8.

41. Ronmark EP, Ekerljung L, Lotvall J, Toren K, Ronmark E, Lundback B. Large

scale questionnaire survey on respiratory health in Sweden: effects of late- and

non-response. Respir Med 2009;103:1807-15.

http://refhub.elsevier.com/S0091-6749(15)00865-9/sref1
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref1
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref2
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref2
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref2
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref3
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref3
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref3
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref4
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref4
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref4
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref5
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref5
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref5
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref6
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref6
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref6
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref7
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref7
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref7
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref8
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref8
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref8
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref9
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref9
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref9
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref10
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref10
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref10
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref11
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref11
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref11
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref11
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref12
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref12
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref12
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref12
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref13
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref13
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref13
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref14
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref14
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref14
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref15
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref15
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref15
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref16
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref16
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref16
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref17
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref17
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref17
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref17
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref18
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref18
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref18
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref19
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref19
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref19
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref20
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref20
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref20
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref20
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref21
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref21
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref21
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref22
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref22
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref22
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref23
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref23
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref23
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref24
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref24
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref24
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref25
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref25
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref25
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref26
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref26
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref26
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref27
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref27
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref27
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref28
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref29
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref29
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref29
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref30
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref30
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref30
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref31
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref31
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref31
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref32
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref32
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref32
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref32
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref33
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref33
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref33
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref34
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref34
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref34
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref35
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref35
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref35
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref36
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref36
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref36
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref37
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref37
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref38
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref38
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref38
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref38
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref39
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref39
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref39
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref40
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref40
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref40
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref41
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref41
http://refhub.elsevier.com/S0091-6749(15)00865-9/sref41


FIG E1. Flow chart of the study population. PQ, Postal Questionnaire

Survey.
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TABLE E1. Level of total IgE in relation to asthma and rhinitis

by age groups

Subjects by age group

and presence of asthma

and allergic rhinitis Mean Median Difference, P value*

All subjects

Current asthma

Yes 146.1 39.8 .005

No 72.8 27.2

Age 21-40 y

Current asthma

Yes 279.5 72.3 .100

No 70.0 27.6

Age 41-60 y

Current asthma

Yes 100.5 35.1 .131

No 80.1 29.7

Age 61-86 y

Current asthma

Yes 107.4 40.1 .075

No 65.9 25.4

All subjects

Current rhinitis

Yes 120.1 45.1 <.001

No 68.6 22.7

Age 21-40 y

Current rhinitis

Yes 214.7 72.3 <.001

No 45.2 20.7

Age 41-60 y

Current rhinitis

Yes 82.0 36.1 .003

No 82.1 24.5

Age 61-86 y

Current rhinitis

Yes 89.0 31.7 .287

No 66.6 22.8

*The Mann-Whitney U test was used for comparisons of distribution between groups

(subjects with and without asthma and rhinitis, respectively).
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